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BACKGROUND

Low protein diets have been recommended as a treatment
for retarding renal failure progression for over 50 years.
The objective of the current guideline was to evaluate the
available clinical evidence pertaining to the effect of
protein-restricted diets on the progression of CKD.

SEARCH STRATEGY

Databases searched: Medline (1999 to November Week 2,
2003). MeSH terms for kidney diseases were combined with
MeSH terms and text words for dietary protein restriction.
The results were then combined with the Cochrane highly
sensitive search strategy for randomised controlled trials and
MeSH terms and text words for identifying meta-analyses
and systematic reviews. The Cochrane Renal Group
Specialized Register of Randomised Controlled Trials was
also searched for relevant trials not indexed by Medline.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

The relationship between dietary protein restriction and
non-diabetic renal failure progression has been examined

by 4 meta-analyses,1–4 11 randomised controlled trials
(RCTs),5–12 1 prospective double-blind cross-over study,13 8
prospective controlled trials,14–21 13 prospective non-
controlled trials,22–34 and 7 retrospective observational
cohort studies.35–40 In view of the potential for serious bias in
the non-randomised studies, this review will be restricted to
the RCTs and meta-analyses.

The Modification of Diet in Renal Disease (MDRD)
study by Klahr et al5 is the largest and best-designed prospec-
tive RCT to date. Patients were included in the study if
their GFR was 25–55 mL/min/1.73 m2 (Study A) or 13–
24 mL/min/1.73 m2 (Study B), their mean arterial pressure
was less than 125 mmHg and their dietary protein intake
was greater than or equal to 0.9 g/kg body weight/day (Study
A only). Patients with body weight extremes (< 80%
or > 160% of standard body weight), dubious compliance,
insulin-dependent diabetes mellitus or heavy proteinuria
(> 10 g/day) were excluded.

Study A patients (n = 585) were randomly assigned
(with adequate allocation concealment) to a usual protein
diet (1.3 g/kg/day) or a low protein diet (0.58 g/kg/day),
while Study B patients (n = 255) were randomised to a low
protein diet (0.58 g/kg/day) or a very low protein diet
(0.28 g/kg/day). An open-label design was used. The
groups were similar at the start of the trial. Only 3% of the
patients had non-insulin–dependent diabetes mellitus and
24% of the patients had polycystic kidney disease. ACE

GUIDELINES

a. A protein-controlled diet consisting of 0.75–1.0 g/kg/day, is recommended for adults with chronic kidney disease
(CKD). The administration of a low protein diet (≤≤≤≤ 0.6 g/kg/day) to slow renal failure progression is not justified when
the reported clinically modest benefit on glomerular filtration rate (GFR) decline is weighed against the concomitant
significant declines in clinical and biochemical parameters of nutrition. (Level I evidence)

b. For children, reduction of dietary protein intake to the lowest safe amounts recommended by the World Health
Organization (0.8–1.1 g/kg/day depending on age) has not been shown in a small randomised controlled trial (RCT)
to decrease the progression of CKD and is therefore not currently recommended. (Level II evidence)
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inhibitors were permitted and used by 32–44% of patients
in each of the randomisation groups. Mean follow-up was
2.2 years (range 0–3.7 years) and the drop-out rate was
very low (Study A = 1.9%, Study B = 1.2%). Compliance
was reasonable, but the actual dietary intakes of the nor-
mal and low protein groups were 1.1 and 0.7 g/kg/day,
respectively.

No significant differences in GFR decline, measured by
125I-iothalamate clearance every 4 months, were found
between the diet groups in either study. In Study A, a bipha-
sic response of GFR to the low protein diet was noted, with
a greater decline in the first 4 months (3.4 vs. 1.8 mL/min/
4 months), followed by a significantly slower rate of decline
(2.8 vs. 3.9 mL/min/year), which only resulted in a small
absolute benefit of 1.1 mL/min/year. This effect of dietary
intervention was unrelated to baseline GFR or urinary pro-
tein excretion. The time to occurrence of a rapid decline in
GFR (>50% or ≥20 mL/min/1.73 m2) or end-stage kidney
disease (ESKD) did not differ significantly between the diet
groups in either study, although these were secondary end-
points for which the study was not adequately powered.

In Study A, the low protein diet group had significantly
lower energy intakes (males = 3.6 kcal/kg/day, females = 2.8
kcal/kg/day), body weight (males = 5.3 kg, females = 2.9 kg)
and biochemical nutritional markers (transferrin, percent
body fat, biceps skinfold thickness, triceps skinfold thick-
ness, subscapular skinfold thickness and arm muscle area
were all 5–10% lower than in the usual protein group).41 A
15–20% decline in urinary creatinine excretion was also
observed in the lower protein diet groups and was attributed
to a reduction in dietary creatine and creatinine intake.
However, the significant reductions in arm muscle area also
suggests that there was an additional component due to
reduced skeletal muscle mass.

The limitations of this study included: (a) overall GFR
decline was relatively slow compared with that of other
studies and roughly 25% of patients did not experience pro-
gressive renal function decline; (b) the study design may not
have provided sufficient statistical power to find a positive
result, particularly in view of the erratic GFR decline in
Study A patients and the relatively high proportion of poly-
cystic kidney disease patients (who may be less amenable to
therapy); and (c) the separation of GFR decline into 2
phases represented a post hoc analysis.

Levey et al42 subsequently reported a secondary analysis
of the MDRD Study B in order to determine the relation-
ship between achieved dietary protein intake (estimated
from urinary urea nitrogen excretion) and renal failure pro-
gression. Total protein intake was slightly, but significantly,
lower for the very low protein diet group (0.66 g/kg/day)
compared with the low protein diet group (0.73 g/kg/day).
Each 0.2 g/kg/day decrease in protein intake was associated
with a slower mean GFR decline of 1.15 mL/min/year and
an approximate halving of the risk of renal failure or death.
Moreover, protein intake was directly correlated with final
GFR prior to dialysis.

This study has serious limitations, which include: (a) the
use of a secondary analysis rather than an intention-to-treat
analysis is less valid for the clinical question of whether pre-

scription of a low protein diet is an effective method of slow-
ing renal failure progression; (b) the estimation of achieved
protein intake assumes that patients are in a steady state of
nitrogen balance but may have been affected by various fac-
tors such as acidosis, diuretics, acute illness or collection
problems; (c) correlation analyses are limited by potential
confounding effects from variables that are not controlled
for in the regression model (this may be particularly relevant
to post hoc secondary analyses which were not initially con-
sidered at the study inception); (d) the analysis may have
been limited by the possible confounding effects of the pre-
sumed dependent variable (in other words, the association
may have been explained by an effect of renal function on
protein intake rather than vice versa); and (e) correlation
analyses only detect an association and do not prove cause
and effect. In short, extreme caution should be exercised
with post hoc secondary analyses of initially negative
studies.

Locatelli et al8 conducted a prospective, multicentre,
open-label, RCT of 456 patients randomised to a low pro-
tein diet (0.4 g/kg/day) or a normal controlled-protein diet
(1 g/kg/day). Patients were included if their creatinine
clearance was less than 60 mL/min, 24- h protein excretion
was less than 3 g/day and body weight was between 45 and
90 kg. ACE inhibitors were avoided as much as possible.
Allocation concealment was adequate. Baseline demo-
graphic, clinical and laboratory characteristics of each group
were not provided. Patients were followed-up for 2 years or
until an end-point (doubling of baseline plasma creatinine
or dialysis) was reached. Seventeen percent of patients were
withdrawn from the study (non-compliance 13%, intoler-
ance of low protein diet 1%, concomitant disease 1%, death
1%, other causes 1%). No differences in actuarial renal sur-
vival rate, creatinine clearance decline or slope of plasma
creatinine reciprocal were noted between the two diet
groups. No correlation was found between the progression of
renal failure and protein catabolic rate. The potentially sig-
nificant pitfalls of the study included: (a) indirect measure-
ment of GFR by creatinine clearance (which is often
inaccurate and significantly affected by diet); (b) a moder-
ately high drop-out rate (17%); (c) non-compliance with
protein restriction minimized the difference in dietary
intake between control and treated groups (0.16 g/kg/day
vs. intended 0.4 g/kg/day); and (d) the clinically important
outcome of effect of diet on nutritional status was not
considered.

Rosman6 conducted a prospective, single centre, open-
label RCT of 228 patients with creatinine clearances
between 10 and 60 mL/min/1.73 m2. Patients were stratified
for sex, age and renal function and then randomly allocated
to receive either a low protein diet (0.4 g/kg/day if creati-
nine clearance 10–30 mL/min/1.73 m2 [Group C] or 0.6 g/
kg/day if creatinine clearance 31–60 mL/min/1.73 m2

[Group B]) or their usual diet (averaging 55 g/day for A2
and 70 g/day for A1). Allocation concealment was adequate
(sealed envelopes). ACE inhibitors were not prescribed.

The groups were comparable at baseline but 23 (10%)
patients (A1 n = 4, A2 n = 7, B n = 1, C n = 7) were subse-
quently removed from the study due either to death, trans-
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plantation or dialysis. The initial results published in 1984
were favourable with protein restriction reducing the
median rate of progression of renal insufficiency, determined
by reciprocals of median plasma creatinine, by a factor of 3
(group C) to 5 (group B). However, after another 4 years of
follow-up, no significant differences were found between the
groups (except for the subset of patients with chronic glom-
erulonephritis). The authors concluded that protein restric-
tion is of limited value and should only be used in selected
patient groups. Patient dissatisfaction with the low protein
diets was very high, especially in the early stages. The major
pitfall of the study was the use of reciprocal plasma creati-
nine as a marker of GFR.

Ihle et al10 conducted a prospective, single centre, ran-
domised study of 72 patients with serum creatinine concen-
trations between 0.35 and 1.0 mmol/L. Diabetics and
patients receiving angiotensin-converting enzyme (ACE)
inhibitors were excluded. Patients were randomly allocated
to receive either a regular diet (at least 0.75 g/kg/day) or a
protein-restricted diet (0.4 g/kg/day). Allocation conceal-
ment was adequate. GFR was assessed every 6 months by
51Cr-EDTA clearance. The study lasted 18 months, during
which time 3 patients (4%) withdrew voluntarily and 5
patients (6%) were withdrawn because of non-compliance.
Compliance in the remaining patients was reasonable. A
significantly higher proportion of control patients reached
ESKD compared with the protein-restricted group (27% vs.
6%, P < 0.05). This, however, is a misleading end-point
since this may have reflected differences in the develop-
ment of uraemic symptoms rather than progression of renal
impairment per se. Moreover, given the lack of blinding, it
is conceivable that clinicians caring for patients on a low
protein diet may have been more prone to delay initiation
of dialysis. Nevertheless, mean 51Cr-EDTA clearance did
not change in the low protein group, but significantly
decreased by 60% in the control group. Of major concern
were the significant falls in body weight, serum albumin,
serum transferrin and lymphocyte counts in the protein-
restricted group suggesting an adverse effect of the dietary
intervention on nutrition. The limitations of the study
were (a) its small numbers and short follow-up; (b) the
exclusion of diabetics; (c) the withdrawal of non-compliant
patients rather than analysing on an intention-to-treat
basis; and (d) the disallowance of ACE inhibitors.

A prospective, single-centre, open-label, RCT of a
severe (0.30 g/kg/day) protein-restricted diet supplemented
with a preparation of ketoanalogues, hydroxyanalogues of
amino acids and amino acids (Group A) vs. a moderate pro-
tein-restricted diet (0.65 g/kg/day, Group B) was conducted
in 50 patients with a GFR < 19 mL/min/1.73 m2.43 Follow-
up ranged between 3 months and 3 years. There were no
statistically significant differences between the two dietary
regimens with respect to renal survival, although a Type 2
statistical error could not be excluded.

Pijls et al44 conducted a prospective, single-centre, open-
label RCT of protein restriction (0.8 g/kg/day) vs. usual
dietary advice in 131 patients with Type 2 diabetes mellitus
and microalbuminuria or known diabetes duration in excess
of 5 years. Patients were followed for at least 12 months. No

significant differences were seen between the two groups
with respect to decline in cimetidine creatinine clearance.
However, the difference in dietary protein intake between
the two groups at 6 months was only 0.08 g/kg/day and dis-
appeared over time.

Several small RCTs3,7,11 have all reported essentially
negative results with respect to the effects of protein restric-
tion. Protein intakes ranged from 0.3 to 0.6 g/kg/day in the
treated groups and 0.6 to >0.8 g/kg/day in the control
group. These studies have all been significantly limited by
their small numbers, short follow-up times (12–18 months)
and the use of inappropriate measures of GFR (plasma
creatinine, reciprocal plasma creatinine or arithmetic mean
of urinary urea and creatinine clearance).

A more recent small, prospective, randomised trial of
128 non-diabetic patients with CKD by D’Amico et al,9 sug-
gested that dietary protein restriction conferred a modest
benefit. Over a 2.3 year follow-up, a 50% reduction in
creatinine clearance was observed in 40% of the control
group (mean protein intake 1.06 g/kg/day) compared with
29% in the low protein diet group (mean protein intake
0.8 g/kg/day). The major limitation of this study was the
use of creatinine clearance as a marker of GFR.

Fouque et al3 published a meta-analysis of 6 RCTs6–8,10,11

in 1992, prior to the publication of the results of the MDRD
study. The criteria and methods used to select articles for
inclusion were appropriate and it is unlikely that important
relevant studies were missed. Although of limited sensitiv-
ity, the chi-squared heterogeneity test between odds ratios
was not significant. A total of 890 patients with mild to
severe CKD were followed-up for at least 1 year. Sixty-one
renal deaths, defined as the commencement of dialysis or
patient death, were recorded in the low protein diet group
and 95 in the control group, leading to an odds ratio of 0.54
(95% CI: 0.37–0.79) in favour of protein restriction. The
authors concluded that low protein diets are effective in
delaying the onset of ESKD, but it is impossible to tell from
this analysis whether or not the reduction in renal death was
the consequence of a reduction in uraemic symptoms
(thereby delaying the need for dialysis) or a reduction in the
progression of renal insufficiency. Another limitation of the
meta-analysis was the heterogeneity of the studies with
respect to treatments (for example, the protein intake in the
control group of 1 study was the same as that in the treat-
ment group of another study). Furthermore, not all clini-
cally important outcomes were considered, since the effect
of treatment on nutritional status was not evaluated.

Finally, the validity of meta-analyses may be threat-
ened by publication bias, which may be suggested, among
other things, by an inverse association between trial size
and treatment. Such an analysis was not performed in
Fouque’s meta-analysis. However, a funnel plot of odds
ratio vs. trial size does raise the possibility of a positive
publication bias. Fouque et al4 have subsequently pub-
lished a systematic review of only 7 RCTs since 1975,
which concluded that low protein diets are associated
with a significantly lower incidence of renal death com-
pared with higher protein diets (odds ratio 0.62, 95% CI:
0.46–0.83, P = 0.006). This Cochrane review suffered the
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same limitations as the 1992 meta-analysis and did not
include all available RCTs.

Another meta-analysis which included the MDRD
study (making up 40% of its patients) was subsequently
published by Pedrini et al.2 Only full-length published
studies were included in the analysis, raising the possibility
that important relevant studies were missed. As an exam-
ple of this, Pedrini et al2 only included 4 of the 6 studies
used in the meta-analysis of Fouque et al,3 even though the
latter was published 4 years earlier. Assessments of the
reproducibility of study inclusion between the 2 investiga-
tors were not made, although there must have been some
disparity as the paper states that differences were resolved
in a conference. The analysis included 5 RCTs5,6,8,10,11 and
found that a low protein diet significantly reduced the risk
of renal failure or death (RR 0.67, 95% CI: 0.50–0.89).
Significant heterogeneity of treatment effects was unlikely
as the results were similar using both random-effects and
fixed-effects models. However, this meta-analysis suffered
the same serious limitations as those of Fouque and
coworkers.3

The most recent meta-analysis of the effects of dietary
protein restriction on the rate of decline of renal function
was reported by Kasiske et al.1 The meta-analysis only con-
sidered published studies between 1980 and 1996 using
Medline and bibliographies found in published reviews.
The results of 13 RCTs (including 4 trials in purely dia-
betic populations) were pooled (n = 1919) and found that
dietary protein restriction reduced the rate of decline in
estimated GFR by a meagre 0.53 mL/min/year (95% CI:
0.08–0.98 mL/min/year). The unweighted mean dietary
protein content was 0.68 ± 0.11 g/kg/day in the low protein
groups and 1.01 ± 0.32 g/kg/day in the control groups.
Interestingly, the magnitude and variability of the treat-
ment effects were inversely proportional to the size of the
studies, indicating a possible publication bias in favour of
low-protein diets. A weighted regression analysis of 13
RCTs compared with 11 other non-randomised trials dem-
onstrated that the effect of dietary protein restriction was
significantly less in the former and relatively greater among
diabetic vs. non-diabetic patients. The impact of restricted
protein diets on nutrition was not considered in this meta-
analysis, but is clearly crucial given the very modest bene-
ficial effect on GFR decline.

Another concern regarding dietary protein restriction in
patients with CKD is the spontaneous reduction in dietary
protein intake with declining GFR. Ikizler et al46 noted that
mean spontaneous dietary intakes averaged 1.1 g/kg/day for
patients with creatinine clearances >50 mL/min, 0.85 g/kg/
day at 25–50 mL/min, 0.70 g/kg/day at 10–25 mL/min and
0.54 g/kg/day at <10 mL/min. These changes presumably
reflect uraemic anorexia and raise questions regarding the
safety of further restricting protein intake.

What is the evidence in children?

In a recent, multicentre trial by Wingen et al,47 191 chil-
dren with CKD were randomly allocated to the lowest safe
protein intake recommended by the World Health Organi-

zation (1.1 g/kg/day in infants to 0.8 g/kg/day in adoles-
cents) or to a regular diet. ACE inhibitors were allowed.
Over the 2-year follow-up, no benefit was noted with
respect to decline in creatinine clearance. The actual mean
protein intakes of the two groups were 125% and 181% of
the WHO recommendations, respectively. Calculation of
protein intake by urinary urea nitrogen excretion found
that patients in the diet group under-reported their protein
intake (141% of WHO recommendations) whereas con-
trols did not (181%). One hundred and twelve patients
completed an optional third year of the study with still no
significant difference apparent between the two groups
with respect to decline in creatinine clearance. Growth
was also comparable between the two groups. The main
limitations of the study were the use of creatinine clear-
ance as a GFR marker and the fact that the study was prob-
ably under-powered.

SUMMARY OF THE EVIDENCE

In summary, there is no convincing or conclusive evidence
that long-term protein restriction delays the progression of
CKD. The longest lasting, largest and best-designed RCT
(MDRD study) argues against an important benefit. Four
meta-analyses have demonstrated either a modest or sub-
stantial benefit of protein-restricted diets, but three of these
used an inappropriate outcome measure (renal survival),
which does not allow distinction between delay of dialysis
due to suppression of uraemic symptoms vs. slowing renal
failure progression. The only meta-analysis which used esti-
mated GFR as an outcome measure found only a very weak
benefit of dietary protein restriction. It also found evidence
of possible publication bias favouring a beneficial effect of
low protein diets. The trials showed some heterogeneity and
cannot substitute for properly conducted RCTs. Moreover,
the possibility of a modest benefit of low-protein diets on
renal failure progression must be weighed against the risk of
a concomitant decline in nutritional parameters. Only three
of the 11 RCTs in non-diabetics have addressed the effect of
restricted protein diets on nutrition5,10,43 and two have found
statistically important reductions in nutritional parameters
(the other observed neither a benefit nor adverse effect of
dietary protein restriction).

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: For individ-
uals with chronic renal failure (GFR < 25 mL/min) who are
not undergoing maintenance dialysis, the institution of a
planned low-protein diet providing 0.6 g protein/kg/d
should be considered. For individuals who will not accept
such a diet or who are unable to maintain adequate dietary
energy intake with such a diet, an intake of up to 0.75 g pro-
tein/kg/d may be prescribed (Evidence and Opinion).

When properly implemented and monitored, low-pro-
tein, high-energy diets maintain nutritional status while
limiting the generation of potentially toxic nitrogenous
metabolites, the development of uraemic symptoms, and the
occurrence of other metabolic complications.
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Evidence suggests that low protein diets may retard the
progression of renal failure or delay the need for dialysis
therapy.

When patients with chronic renal failure consume
uncontrolled diets, a decline in protein intake and indices of
nutritional status is often observed.
British Dietetic Association Renal Nutrition Group: Rec-
ommends 0.6–1.0 g protein/kg/day.
European Dialysis and Transplant Nurses Association –
European Renal Care Association: Recommends 0.6–1 0 g
protein/kg/day.
European Society of Parenteral and Enteral Nutrition:
Recommends 0.55–0.6 g protein/kg/day.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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GUIDELINES

a. HMGCoA reductase inhibitors may retard the progression of renal failure (Level I evidence, 9 RCTs and 1 meta-
analysis; mostly clinically relevant outcomes; inconsistent effects)

BACKGROUND

Chronic kidney diseases (CKD) are associated commonly
with substantial abnormalities of lipid metabolism, includ-
ing increased low-density lipoproteins, triglycerides, very-
low-density lipoproteins, and lipoprotein(a), and reduced
levels of high-density lipoprotein cholesterol. Other abnor-
malities consist of increased apolipoprotein B, reduced
HDL2 cholesterol, and increased Apo C-to-Apo C-II ratio.
Dyslipidemia is more severe in patients with proteinuria,
particularly those with nephrotic syndrome.

Hypercholesterolemia is a predictor of loss of kidney
function in diabetic and non-diabetic kidney disease.1–3

Studies in experimental CKD have suggested that treatment
with statins retards the progression of kidney disease in
animals.4 The objective of this guideline is to review the
available clinical evidence pertaining to the effect of lipid-
lowering agents on the progression of CKD.

SEARCH STRATEGY

Databases searched: Medline (1999 to November Week 2,
2003). MeSH terms for kidney diseases were combined with
MeSH terms and text words for antilipemic agents. The
results were then combined with the Cochrane highly sen-
sitive search strategy for randomised controlled trials and
MeSH terms and text words for identifying meta-analyses
and systematic reviews. The Cochrane Renal Group Spe-
cialized Register of Randomised Controlled Trials was also
searched for relevant trials not indexed by Medline.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

There have been 9 randomised controlled trials (RCTs);5–14

1 meta-analysis;13 1 prospective controlled study;15 2
prospective crossover studies;16 and 3 prospective non-
controlled studies.17–19 All the available individual studies
have been limited by small numbers and generally short
follow-up times.

Thomas et al7 conducted a randomised, double-blind,
placebo-controlled trial of the effect of simvastatin therapy
in 30 non-diabetic, hypercholesterolaemic patients with
proteinuria greater than 1 g per day. The patients were ran-
domly assigned to treatment with simvastatin or placebo
targeted to achieve total cholesterol levels of 5.2 mmol/L or
below. Angiotensin converting enzyme (ACE) inhibitors
were permitted, but were only prescribed for 5 patients
(17%). Allocation concealment was adequate and the two
groups were similar at baseline; 23 patients (77%) com-
pleted the trial. After 24 weeks’ follow-up, total and LDL
cholesterol levels fell by a mean of 33% and 31%, respec-
tively, in simvastatin-treated patients, compared with 5%
and 1% in patients on placebo (P < 0.001 and P = 0.002,
respectively). No significant differences were seen between
the 2 groups with respect to proteinuria, plasma creatinine
concentration or decline in inulin clearance. The major
limitations of the study were the short follow-up time, small
numbers, significant drop-out rate (23%), and the fact that
complete inulin clearance data were only obtained in 17
patients (57%).

A one-year, prospective, open-label, randomised con-
trolled study of atorvastatin (titrated up to 40 mg daily) vs.
no treatment was conducted in 56 patients with mild-to-
moderate CKD (creatinine clearance 50.4 ± 1.3 mL/min,
proteinuria >1 g/day) who had already been treated for at
least 1 year with angiotensin-converting enzyme inhibitors
and/or angiotensin receptor blockers.11 It is uncertain
whether allocation was concealed. Total cholesterol fell
significantly in the atorvastatin group from 327 ± 8 to
211 ± 5 mg/dL, but remained unchanged in the control
group (313 ± 4–305 ± 5 mg/dL). By the end of one year of
treatment with atorvastatin, urine protein excretion
decreased from 2.2 ± 0.1 to 1.2 ± 1.0 g every 24 h (−45.5%).
By contrast, in patients who did not receive atorvastatin,
urinary protein excretion decreased only from 2.1 ± 0.1 to
1.86 ± 0.1 g every 24 h (−10%; P < 0.01). Creatinine clear-
ance decreased only slightly and not significantly (from
51 ± 1.8 to 49.8 ± 1.7 mL/min [-2.0%]) in patients treated
with atorvastatin. By contrast, during the same time, crea-
tinine clearance decreased significantly (from 50 ± 1.9 to
44.2 ± 1.6 mL/min [-11.6%] [P < 0.01]) in controls.
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Tonelli et al12 reported a post hoc subgroup analysis of
the CARE study (a randomised double-blind placebo-
controlled trial of pravastatin vs. placebo in 4159 partici-
pants with previous myocardial infarction and total plasma
cholesterol < 240 mg/dL). A total of 690 patients with an
MDRD calculated glomerular filtration rate (GFR) <
60 mL/min were included in the subanalysis. A significant
stepwise inverse relation was observed between MDRD-
GFR before treatment and slowing of renal function loss
with pravastatin use, with more benefit in those with lower
MDRD-GFR at baseline (P = 0.04). The rate of change in
MDRD-GFR in the pravastatin group was 0.6 mL/min per
1.73 m2/ year slower than placebo (95% CI, −0.1–1.2;
P = 0.07) in those with MDRD-GFR < 50 mL/min, and
2.5 mL/min per 1.73 m2/ year slower (95% CI, 1.4–3.6
slower; P = 0.0001) in those with MDRD-GFR < 40 mL/
min per 1.73 m2/ year. Pravastatin also reduced rates of renal
loss to a greater extent in participants with than without
proteinuria at baseline (P-value for interaction = 0.006).
The significant limitations of this study were (a) it was a sec-
ondary analysis such that the results should be interpreted
with caution; and (b) the use of calculated GFR was less
optimal than more precise measurements of GFR.

The Simvastatin in Nephrotic Syndrome study by
Olbricht et al,9,10 is a randomised, double-blind, placebo-
controlled trial investigating the effect of simvastatin on
renal failure progression (inulin clearance) in 56 non-
diabetic, nephrotic, hypercholesterolaemic patients with
creatinine clearances > 40 mL/min/1.73 m2. The results have
only been published in abstract form and suggest a significant
slowing of renal failure progression in the simvastatin-treated
group at 12 months.20 A cholesterol-lowering efficacy paper
has been published by a group in 1999,9,10 even though the
primary renal outcome data have not appeared in print.

A 2-year, randomised, double-blind, placebo-controlled
pilot trial of simvastatin vs. placebo was conducted in 39
Type 1 diabetics without overt nephropathy.21 Simvastatin
significantly reduced total cholesterol (mean on treatment
173.4 vs. 191.4, P = 0.020) and LDL cholesterol (mean on
treatment 105.0 vs. 127.7, P < 0.001) and was associated
with a non-significant trend towards a slower rise in albumin
excretion rate compared with placebo (median rate of
change/month 0.004 vs. 0.029). The study was under-
powered, so a type 2 statistical error was possible.

Rayner et al15 reported a prospective, open-label, con-
trolled trial of simvastatin in 17 hypercholesterolaemic
(cholesterol > 6.1 mmol/L) nephrotic patients with idio-
pathic membranous nephropathy whose serum creatinine
concentrations were less than 0.15 mmol/L. Patients were
‘alternatively assigned’ to receive simvastatin and a low
cholesterol diet or diet alone, aiming to keep cholesterol
levels below 5.1 mmol/L. Over a mean follow-up period of
19.3 months in the simvastatin group and 16.6 months in
controls, cholesterol levels were significantly reduced in the
simvastatin-treated group, but no differences were seen
between the 2 groups with respect to the EDTA clearance
decline, plasma albumin or proteinuria in EDTA clearances.
The small numbers and inadequate allocation concealment
seriously undermined the value of this study.

Imai et al14 reported a 6-month, prospective, randomised
controlled trial of pravastatin vs. placebo in 57 hypertensive
patients with mild renal dysfunction and hyperlipidaemia.
Pravastatin significantly reduced total cholesterol from
251.4 ± 7.3 mg/dL to 218.2 ± 6.5 mg/dL, whilst no signifi-
cant change was observed in the placebo group. Serum cre-
atinine concentration rose in the placebo group from
1.6 ± 0.07 to 2.1 ± 0.2 mg/dL, but did not change in the
pravastatin group (1.3 ± 0.07–1.3 ± 0.09 mg/dL). The dif-
ference in serum creatinine change and the slope of change
in reciprocal creatinine between the 2 groups was statisti-
cally significant.

Two small (n = 18 and 34), medium term (0.7 and
2 years), randomised, placebo-controlled trials in hypercho-
lesterolaemic patients with normal plasma creatinine con-
centrations and either microalbuminuria,18 or proteinuria5

complicating Type 2 diabetes mellitus have both demon-
strated either no significant decline in GFR with HMGCoA
reductase inhibitor treatment, whilst GFR decreases were
observed in controls (although the decrease was only signi-
ficant in the study by Lam et al5). Neither of the 2 studies
found a significant reduction in urinary protein excretion
rates.

An underpowered, double-blind, crossover study of 19
normotensive, hypercholesterolaemic patients with diabetic
nephropathy16 also failed to demonstrate a beneficial effect
of simvastatin on decline in creatinine clearance over a
1-year period. However, a 25% reduction in albumin
excretion rate was noted.

Smulders et al6 conducted a randomised, placebo-
controlled trial in 15 normotensive, microalbuminuric Type
2 diabetics with elevated plasma triglyceride levels
(>2.5 mmol/L). Patients were randomly allocated to gem-
fibrozil 600 mg bd (n = 8) or placebo (n = 7) and were
followed for 12 months. Progression of microalbuminuria
tended to be lower in gemfibrozil-treated patients (36%)
than controls (65%), but the difference was not statistically
significant. The result became significant if the one treated
patient who did not experience a greater than 20% reduc-
tion in triglycerides was excluded. However, the validity of
such a post hoc analysis is highly questionable. This is the
only study to have examined the effect of triglyceride reduc-
tion on renal disease progression decline, but is seriously
limited by small numbers, short follow-up time and lack of
an appropriate measure of renal function.

In patients with nephrotic syndrome complicating a
variety of glomerulonephritides, small, prospective, non-
controlled studies have found either no effect22–24 or a slower
decline25–27 of renal functional impairment.

Type 1 diabetics with overt nephropathy (urinary albu-
min excretion rate > 200 µg/min) showed no changes in
their degrees of proteinuria following 12 weeks of treatment
with simvastatin,8 although a beneficial effect on albumin-
uria was reported for pravastatin after 9 weeks.28

Fried et al21 published a meta-analysis of 9 RCTs, 1 quasi-
RCT and 2 randomised cross-over trials (384 patients)
examining the effects of lipid-lowering agents on change in
GFR in hyperlipidaemic patients with renal disease. Ten of
the trials studied statins, whilst one assessed gemfibrozil and
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one assessed probucol. Sixty-six per cent of patients were
diabetic. Lipid-lowering treatment was associated with a
lower rate of decline in GFR compared with controls (net
difference 0.156 mL/min/month; 95% CI: 0.026–0.285 mL/
min/month, P = 0.008). There was a tendency for a favour-
able effect of treatment on protein or albumin excretion. A
chi square test for study heterogeneity supported the validity
of pooling the results for GFR, but not for proteinuria.
However, heterogeneity tests are fairly insensitive, and it
seems highly questionable that separate trials of cholesterol-
and triglyceride-lowering agents on such diverse patient
groups with often very short follow-up times can really be
grouped together to provide meaningful results. The other
major limitation of the meta-analysis was the inclusion of
non-RCTs.

SUMMARY OF THE EVIDENCE

There have been 9 RCTs, 1 meta-analysis, 1 prospective
controlled study, 2 prospective crossover studies and 3
prospective non-controlled studies of lipid-lowering agents
(primarily statins) mostly (but not exclusively) in hyper-
cholesterolaemic subjects. All of the available individual
studies have been limited by small numbers and generally
short follow-up times. The bulk of the studies have sug-
gested that lipid-lowering agents exert a propitious effect on
renal failure progression, although most have also suffered
from significant methodological limitations. These results
should therefore be considered preliminary.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No
recommendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

Any future trials assessing the benefits of lipid-lowering
treatments on cardiovascular outcomes in patients with
renal insufficiency (e.g. the SHARP trial) should also assess
the effects of such treatments on renal failure progression.
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GUIDELINES

No recommendations possible based on Level I or II evidence.

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV sources)
• Treating hyperuricaemia does not retard the progression
of renal failure and cannot be recommended for this indi-
cation. (Level IV evidence; limited case series; clinically
relevant outcomes; consistent effects)
• Physicians should be aware that the use of protein-
restricted diets in chronic renal patients treated with
allopurinol may require further reduction of the dose of
allopurinol due to inhibition of urinary excretion of oxy-
purinol. (Level II evidence; single randomised cross-over
study; surrogate outcome; moderate effect)

BACKGROUND

Hyperuricaemia is an almost invariable feature of renal fail-
ure.1 Long-standing hyperuricaemia has occasionally been
associated with the development of chronic kidney disease
(CKD),2–11 although it has been difficult to establish
whether the elevated plasma urate levels in these patients
reflect a cause, consequence or accelerant of renal dysfunc-
tion. The aim of this guideline is to evaluate the available
clinical evidence that treatment of hyperuricaemia retards
the progression of CKD.

SEARCH STRATEGY

Databases searched: Medline (1999 to November Week 2,
2003). MeSH terms for kidney diseases were combined with
MeSH terms and text words for allopurinol and hyperuri-
caemia. The results were then combined with the Cochrane
highly sensitive search strategy for randomised controlled
trials and MeSH terms and text words for identifying meta-
analyses and systematic reviews. The Cochrane Renal
Group Specialized Register of Randomised Controlled
Trials was also searched for relevant trials not indexed by
Medline.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

There are no randomised or prospective controlled trials
addressing the effect of treatment of hyperuricaemia on
progression of renal failure.

Occasional renal patients with hyperuricaemia and CKD
have demonstrated histologic findings of urate crystals in
the renal cortical, medullary or papillary interstitium with
surrounding giant cell reaction.6,12,13 It is uncertain whether
this contributes to renal dysfunction, is a consequence of
renal injury or is merely an epiphenomenon.

A case-control study by Fessel14 demonstrated that
azotaemia occurred in only 2 of 113 patients with asymp-
tomatic hyperuricaemia compared with 4 of 193 normouri-
caemic controls over a mean follow-up period of 8 years.
Similarly, long-term follow-up studies of 524 gouty patients
failed to demonstrate any adverse effect of hyperuricaemia
on renal function.15

Therapy directed at lowering plasma urate levels (urico-
surics or allopurinol) in patients with familial hyperuricae-
mia has not been successful in preventing the development
of renal insufficiency.10,11

Case series reports16 have generally not observed an
alteration in the rate of progression of renal disease after
correction of hyperuricaemia by allopurinol.

In a retrospective case series, Fairbanks et al17 examined
the effects of allopurinol commencement in 32 patients
with familial juvenile hyperuricaemic nephropathy.
Twenty-seven patients started immediately on allopurinol
(serum creatinine <0.2 mmol/L) experienced mild deterio-
ration of renal function compared with five patients who
commenced allopurinol with a serum creatinine concentra-
tion > 0.2 mmol/L, all of whom progressed to end-stage kid-
ney disease (ESKD) with an average period of 6 years. The
study’s results were significantly limited by the absence of a
control group and lead-time bias.

The unproven benefit of allopurinol in preventing renal
failure progression in the setting of asymptomatic hyperuri-
caemia must be balanced against the documented small
incidence of serious adverse reactions to allopurinol, includ-
ing drug hypersensitivity syndromes. For example, a review
of allopurinol hypersensitivity reactions by Lupton and
Odom18 reported that 97% of such reactions occurred in the
setting of pre-existing renal failure and that in over 60% of
cases, allopurinol was prescribed for the treatment of asymp-
tomatic hyperuricaemia; 10% of the reported patients died
from allopurinol hypersensitivity.

The use of protein-restricted diets has been shown in a
randomised crossover trial19 to significantly diminish the
excretion of allopurinol and its active metabolite oxypu-
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rinol by 28% and 64%, respectively. This results in a 3-fold
increase in the half-life of oxypurinol.

SUMMARY OF THE EVIDENCE

There are no randomised or prospective controlled trials
addressing the effect of treatment of hyperuricaemia on pro-
gression of renal failure. The majority of the small numbers
of published case series and anecdotal reports suggest that
treatment of hyperuricaemia per se does not appreciably
influence renal failure progression.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No recom-
mendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

A multicentre, prospective, randomised controlled trial of
allopurinol therapy on the progression of renal failure would
help to clarify the issue, although such a study would not be
a very high priority. The study would need to be stratified for
sex, diabetes and severity of renal dysfunction.
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GUIDELINES

No recommendations possible based on Level I or II evidence.
There are no randomised controlled trials (RCTs) to date which have assessed the effect of isolated dietary phosphate
restriction on renal failure progression.

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV sources)
• Isolated phosphate restriction is not recommended for
retarding the progression of chronic renal insufficiency.
(Level III evidence; single small study; clinically relevant
outcome; negative effect)

BACKGROUND

Hyperphosphataemia is observed in the majority of patients
with stage 4 chronic kidney disease (CKD) and has been
identified as a risk factor for the progression of chronic renal
failure.1 Dietary phosphorus restriction can prevent the pro-
gression of renal failure in subtotally nephrectomized rats or
in rats with nephrotoxic serum nephritis, independent of
protein and caloric intake. Conversely, diets high in phos-
phorus content result in a more rapid deterioration of renal
function.2 The objective of this guideline is to review the
evidence that correction of hyperphosphataemia retards the
progression of renal insufficiency in the clinical setting.

SEARCH STRATEGY

Databases searched: Medline (1999 to November Week 2,
2003). MeSH terms for kidney diseases were combined with
MeSH terms and text words for phosphate binders. The
results were then combined with the Cochrane highly sen-
sitive search strategy for randomised controlled trials and
MeSH terms and text words for identifying meta-analyses
and systematic reviews. The Cochrane Renal Group Spe-
cialized Register of Randomised Controlled Trials was also
searched for relevant trials not indexed by Medline.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

There are no RCTs that have specifically addressed the issue
of whether isolated phosphate restriction retards the pro-
gression of chronic renal insufficiency.

Many of the protein-restricted diets trialled in progres-
sive renal insufficiency have additionally incorporated
dietary phosphate restriction.3–45 However, the specific role

of phosphate restriction remains uncertain due to the con-
flicting findings of the studies and their often poor experi-
mental design due to small numbers, short follow-up times,
variable phosphate binder usage, different degrees of renal
insufficiency, concomitant protein and caloric restrictions,
and the inappropriate use of plasma creatinine or creatinine
clearance as a GFR measure (as these are inaccurate and
influenced by diet).

Barsotti et al42 performed a non-randomised study of a
very low phosphate, low protein diet (6.5 mg/kg/day phos-
phate, 0.6 g/kg/day protein) vs. a conventional low-phos-
phate low-protein diet (12 mg/kg/day phosphate, 0.6 g/kg/
day protein) in 55 patients with non-diabetic renal disease.
It is not clear from the analysis whether the study was pro-
spective or retrospective and whether the 2 groups were
studied in parallel or sequentially. Both groups were fol-
lowed initially on a free uncontrolled mixed diet for mean
durations of 11.5 and 10.0 months, respectively. They were
then switched to their special diets for average durations of
20.8 and 16.3 months, respectively. Serum phosphate sig-
nificantly fell in the first group from 4.39 to 3.99 mg/dL and
rose in the second group from 4.25 to 4.96 mg/dL. Urinary
phosphate excretion differed between the 2 groups (362.3
vs. 628.8 mg/day), but urinary urea excretion was compara-
ble (7.62 vs. 8.23 g/day) thereby indicating that protein
intake was not significantly different. Despite comparable
declines in creatinine clearance whilst on the free diet
(−0.90 ± 0.67 vs. –0.79 ± 0.53 mL/min/month), the patients
who subsequently received a very low-phosphate diet had a
slower rate of renal function deterioration compared with
the other group (−0.07 ± 0.38 vs. –0.53 ± 0.40 mL/min/
month), although no comment was made as to whether the
difference was statistically significant (the difference did not
appear to be significant based on calculations from the sum-
mary data). The limitations of the study are its small size,
short follow-up time, inappropriate renal function measure,
lack of randomization and inappropriate statistical analysis
(t-tests in the setting of repeated measures).

SUMMARY OF THE EVIDENCE

There has only been 1 non-randomised study of isolated
dietary phosphate restriction vs. a conventional low phos-
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phate, low protein diet in 55 patients with non-diabetic
renal disease. No significant differences were found between
the 2 groups, although the study was limited by a lack of sta-
tistical power, inappropriate statistical analysis, inadequate
measurement of renal function and a lack of randomization.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No recom-
mendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Exercise
Date written: February 2004
Final submission: July 2004
Author: David Johnson

GUIDELINES

Exercise training has not been shown to retard the progression of renal insufficiency. (Level II evidence; single, small,
underpowered trial; clinically relevant outcome; negative effect)

BACKGROUND

Chronic kidney disease (CKD) is typically associated with
sarcopenia and a reduction in exercise tolerance. In rat
models of CKD, augmented exercise has been shown to be
renoprotective (Kohzuki et al.1). The objective of this guide-
line is to assess the available clinical trials of the effects of
enhanced physical activity on renal function decline in
patients with CKD.

SEARCH STRATEGY

Databases searched: Medline (1999 to November Week
2, 2003). MeSH terms for kidney disease were combined
with MeSH terms and text words for exercise training.
The results were then combined with the Cochrane
highly sensitive search strategy for randomised controlled
trials and MeSH terms and text words for identifying
meta-analyses and systematic reviews. The Cochrane
Renal Group Specialized Register of Randomised Con-
trolled Trials was also searched for relevant trials not
indexed by Medline.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

There is one randomised controlled trial (RCT).
Eidemak et al.2 randomised 30 patients with moderate-

to-severe CKD (median GFR 25 mL/min/1.73 m2, range
10–43) to physical training (30 min of bicycling daily or an
equal amount of other physical activities) or to mainte-
nance of usual lifestyle. Over a median follow-up time of
20 months, median maximal work capacity increased
significantly in the exercise group, but not in the controls.
However, no change in GFR decline was observed between
the 2 groups. The chief limitation of the study was its lack
of statistical power.

A small prospective, non-controlled study of 16 subjects
with CKD3 showed no effect of endurance exercise training
(cycle ergometer) on renal function, as determined by
plasma creatinine. The major limitations of the study were

its small numbers, short follow-up time, high drop-out rate
(50%) and inappropriate measure of renal function.

SUMMARY OF THE EVIDENCE

There has only been one small, underpowered RCT of
intensive exercise vs. usual lifestyle in 30 patients with
stages 3–5 CKD. After a median follow-up of 20 months, no
significant change in GFR decline was observed between
the 2 groups, although a type 2 statistical error is likely.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No
recommendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

A larger, longer-term study of the effects of exercise on renal
failure progression is warranted.
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Acidosis
Date written: February 2004
Final submission: July 2004
Author: David Johnson

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV sources)
• There are no studies of the effect of alkali therapy on
the progression of renal failure in humans. No recommen-
dations can therefore be made regarding the use of alkali
treatment specifically for the purposes of renoprotection.

BACKGROUND

Metabolic acidosis is a common accompaniment of chronic
kidney disease (CKD) and has been identified as a risk factor
for the progression of renal insufficiency.1 The objective of
this guideline is to assess the available clinical evidence
pertaining to the impact of correction of metabolic acidosis
on renal function decline.

SEARCH STRATEGY

Databases searched: Medline (1999 to November Week 2,
2003). MeSH terms for kidney disease were combined with
MeSH terms and text words for alkali therapy and bicar-
bonates. The results were then combined with the
Cochrane highly sensitive search strategy for randomised
controlled trials and MeSH terms and text words for iden-
tifying meta-analyses and systematic reviews. The Cochrane
Renal Group Specialized Register of Randomised Con-
trolled Trials was also searched for relevant trials not
indexed by Medline.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

There are no randomised controlled trials (RCTs).
Although a renal protective effect of alkali therapy is

unproven in humans, a brief (26 h) study of oral sodium
bicarbonate in 11 patients with mild-to-moderate renal
insufficiency2 found that urinary excretion of N-acetyl-β-D-
glucose-aminidase (a marker of tubular injury) was

decreased, although proteinuria and 51Cr-EDTA clearance
remained unchanged. No longer term studies assessing the
influence of alkali therapy on renal failure progression in
humans are available.

SUMMARY OF THE EVIDENCE

There are no human trials with clinically relevant outcomes
that have assessed the impact of acidosis correction on renal
failure progression.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No recom-
mendation.
Canadian Society of Nephrology: No recommendation.
UK Renal Association: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

Considering the general benefits of acidosis correction (pre-
vention of muscle breakdown and osteopenia), a study of
the effects of alkali therapy on renal function per se would
not seem warranted.

REFERENCES
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GUIDELINES

There are no human trials with clinically relevant outcomes that have assessed the impact of acidosis correction on
renal failure progression.
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Erythropoietin
Date written: February 2004
Final submission: July 2004
Author: David Johnson

GUIDELINES

The weight of clinical evidence indicates that erythropoietin exerts neither a beneficial nor deleterious effect on the
progression of renal impairment in patients with chronic renal insufficiency. (Level II evidence, 6 small randomised
controlled trials; clinically relevant outcomes; inconsistent effects)

BACKGROUND

Erythropoietin is routinely used to correct the anaemia asso-
ciated with chronic kidney disease (CKD). Early experience
with this drug (in relatively high doses) in clinical and
experimental chronic kidney failure (CKF) suggested that
erythropoietin may have been deleterious to renal function,
although this effect was not apparent when blood pressure
was adequately controlled.1 More recent experiences with
lower dosages of erythropoeitin have not reported adverse
effects on renal function. The objective of this guideline was
to review the available clinical evidence pertaining to the
effect of erythropoietin on renal failure progression.

SEARCH STRATEGY

Databases searched: Medline (1999 to November Week 2,
2003). MeSH terms for kidney disease were combined with
MeSH terms and text words for erythropoietin therapy. The
results were then combined with the Cochrane highly sen-
sitive search strategy for randomised controlled trials and
MeSH terms and text words for identifying meta-analyses
and systematic reviews. The Cochrane Renal Group Spe-
cialized Register of Randomised Controlled Trials was also
searched for relevant trials not indexed by Medline.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

There are 6 randomised controlled trials (RCTs).
Roth et al2 conducted a 48-week, prospective, ran-

domised, open-label, multicentre trial in which 83 anaemic
predialysis patients (plasma creatinine 3–8 mg/dL) were
randomly assigned to no treatment (n = 43) or treatment
with erythropoietin (50 IU/kg subcutaneously three times
weekly, n = 43). Allocation concealment was not specified.
The dose of erythropoietin was titrated to maintain a
haematocrit level of 35%. GFR was evaluated by 125I-
iothalamate clearance at weeks 1, 8, 16, 32 and 48 weeks.
The two groups were similar at baseline. The overall decline

in GFR was identical for the two groups (−0.43 mL/min/
month). The major limitation of the study was the very high
drop-out rate (42%).

A prospective, single centre, randomised, open-label
controlled trial3 was conducted in 108 Japanese patients
over 36 weeks. Anaemic CKD patients with a plasma crea-
tinine concentration between 2 and 4 mg/dL (mean 2.9)
and a haematocrit < 30% were randomly assigned to treat-
ment with (n = 42) or without (n = 31) erythropoietin.
Untreated non-anaemic (haematocrit > 30%) CKD
patients (n = 35) were also recruited. Just over half the
patients were diabetic and 60%–68% of patients in each
group were receiving ACE inhibitors. All patients were
treated with a 0.6 g/kg/day protein diet. Erythropoietin
doses were adjusted to maintain haematocrit between 33%
and 35% in the treated group. Mean haematocrit increased
significantly in the treated group (27.0% to 32.1%), but
declined significantly in the other two groups. Cumulative
renal survival, derived from the time it took baseline plasma
creatinine concentration to double, was significantly better
in the treated group than in the untreated anaemic group,
but was not different from that in untreated non-anaemic
controls. Dialysis was commenced in 33%, 65% and 37% of
patients, respectively (P < 0.05). The improvement in
cumulative renal survival in the erythropoietin-treated
group was attributable solely to improved renal survival in
non-diabetics. It was concluded that reversal of anaemia
by erythropoietin retards the progression of renal failure,
especially in non-diabetic patients (they speculated that
this was due to prevention of renal tissue hypoxia). How-
ever, significant limitations of the study were (a) the use of
plasma creatinine as a marker of renal function; (b) the high
drop-out rate (17%); (c) the potential for sample bias in
view of differences in baseline characteristics of the groups
(creatinine clearances tended to be lower and 24-h urinary
protein excretion rates tended to be higher in the untreated
anaemic patients); and (d) lack of adjustment for these
potential confounders in the survival curves (e.g. by a Cox’s
proportional hazards model). It is also questionable that
allocation concealment was adequate.

A prospective, multicentre, randomised, open-label con-
trolled trial evaluated the effects of haemoglobin normaliza-
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tion (135–160 g/L) vs. maintenance of subnormal
haemoglobin levels (90–120 g/L), with or without erythro-
poietin therapy, in 416 Scandinavian patients with renal
anaemia treated across 62 hospital centres in Sweden, Nor-
way, Finland and Iceland.4 Of the 416 study subjects, 46
patients were predialysis and had their renal function mea-
sured at baseline and at two years by local routine methods
(creatinine clearance, iohexol clearance or Cr-EDTA clear-
ance). GFR decline was comparable between the two groups
(P = 0.43). The major limitation of the study was its small
sample size and lack of statistical power.

In a 2-year, prospective, multicentre, randomised, open-
label controlled trial conducted in Australia and New
Zealand, Roger et al5 randomly allocated 155 patients with
CKD (creatinine clearance 15–50 mL/min) to receive
erythropoietin as necessary to maintain haemoglobin con-
centration between 120 and 130 g/L (group A) or between
90 and 100 g/L (group B). This trial was sponsored by Jan-
ssen-Cilag. By the end of two years of follow-up, the mean
achieved haemoglobin concentrations were 121 ± 14 g/L for
Group A and 108 ± 13 g/L for Group B. The decline in renal
function over two years, as determined by isotopic measure-
ments of GFR, did not differ significantly between the two
groups (8 ± 9 versus 6 ± 8 mL/min/1.73 m2). Significant lim-
itations of the study included (a) lack of statistical power
due to small size and a failure to reach haemoglobin target
for many patients in Group B; and (b) a much higher drop-
out rate in Group B (25%) compared with Group A (12%),
raising the possibility of survivor bias and informative
censoring.

Using plasma creatinine, reciprocal plasma creatinine or
creatinine clearance to assess progression of renal insuf-
ficiency, other prospective studies6–15 including an addi-
tional three randomised, double-blind, placebo-controlled
trials,16,17 have not observed any significant effect of eryth-
ropoietin on renal function. The use of plasma creatinine or
creatinine clearance as an index of renal function is a major
limitation of all of these studies, particularly since erythro-
poietin may have significant effects on appetite2 and muscle
metabolism.18

A recent retrospective cohort study has also suggested
that erythropoietin treatment may slow the progression of
renal failure.19 In this study, the authors compared 20
patients with CKD who were treated with erythropoietin
with 43 patients who had a similar degree of renal failure but
who were less anaemic and thus did not receive erythro-
poietin. The rate of decline of creatinine clearance did not
change over time in the control group, whereas in the
treated group, it was significantly slower after epoetin treat-
ment had been started (−0.36 ± 0.16 mL/min per 1.73 m2

per month vs. −0.26 ± 0.15 mL/min per 1.73 m2 per month;
P < 0.05). The significant limitations of this trial were (a)
retrospective design (potential for recall bias); (b) selection
bias (erythropoietin-treated patients were older, had a
higher proportion of females, were less likely to be diabetic
and possibly had a longer duration of uraemia); (c) lack of
statistical adjustment for differences in characteristics
between the two groups; and (d) the use of creatinine clear-
ance as an index of renal function.

SUMMARY OF THE EVIDENCE

Of the 6 RCTs published to date, 5 trials have found no sig-
nificant effect of erythropoietin administration on the pro-
gression of CKD. One trial with significant flaws observed
that erythropoietin significantly retarded renal failure pro-
gression, primarily in non-diabetics.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No
recommendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

A meta-analysis of the 6 RCTs performed to date is
recommended.
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Pregnancy
Date written: February 2004
Final submission: July 2004
Author: David Johnson

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV sources)
• Pregnancy generally does not affect the course of renal
disease in women who have normal or near-normal renal
function at conception. Such individuals should not be
discouraged from conceiving purely on the basis of their
renal disease. (Level II–III evidence; retrospective cohort
and case-control studies; clinically relevant outcomes;
inconsistent effects)
• Renal function deterioration is probably accelerated by
pregnancy in patients with poorly-controlled hyperten-
sion or plasma creatinine concentrations of >>>> 0.20 mmol/
L at conception. The magnitude of this increase in risk
compared with non-pregnant individuals with renal dis-
ease has not been established. (Level II–III evidence;
retrospective cohort and case-control studies; clinically
relevant outcomes; inconsistent effects)

BACKGROUND

Opinions vary markedly as to the frequency (or even the
existence) of accelerated renal function deterioration dur-
ing and after pregnancy in women with chronic kidney dis-
ease (CKD).1,2 The objective of this guideline is to review
the available clinical evidence pertaining to the effect of
pregnancy on the rate of GFR decline in CKD.

SEARCH STRATEGY

Databases searched: Medline (1996 to November Week 2,
2003). MeSH terms for kidney disease were combined with
MeSH terms for pregnancy. The results were then limited to
cohort and case-control studies.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

There are no randomised controlled trials (RCTs) or pro-
spective controlled studies.

Most of the literature addressing this subject is limited to
retrospective studies and case series, which suffered from
many of the following serious limitations:
• case selection bias, since retrospective analyses often in
tertiary institutions are likely to be biased in terms of select-
ing more severely diseased cases;
• recall bias;
• small numbers with a low event rate (i.e. progression to
end-stage kidney disease [ESKD]);
• short follow-up times;
• collection of data from several decades ago when maternal
and obstetric care (particularly with respect to antihyper-
tensive treatment) were not as advanced as presently;
• lack of data prior to the index pregnancy, making it dif-
ficult to determine whether the natural history of a patient’s
kidney disease was actually altered by pregnancy;
• failure to use controls or the selection of inappropriate
controls (e.g. unaffected family members where maternal
surveillance may have been altered by knowledge of the
proband);
• lack of a secure histologic diagnosis in involved patients;
and
• infrequent or suboptimal measures of renal function.

Jungers et al3 performed a retrospective analysis of the
effect of pregnancy on the occurrence of ESKD in 360
women with various forms of histologically-proven glomer-
ulonephritis, but with plasma creatinine concentrations less
than 0.11 mmol/L at presentation. These patients were
referred between 1965 and 1994. One hundred and seventy-
one  patients became pregnant at least once after the clin-
ical onset of the glomerulonephritis, whilst 189 patients did
not conceive. Mean follow-up was over 14 years. Survival
curves for time to ESKD, defined as plasma creatinine
>0.5 mmol/L or need for dialysis, did not differ between the
two groups. A case-control study was also performed in
which patients who reached ESKD (cases) were matched
with those who did not (controls) for age at onset of glom-
erulonephritis and duration of follow-up with less than
3 years’ difference for either. Logistic regression analysis
demonstrated that pregnancy was not an independent risk
factor for development of ESKD. The authors concluded
that pregnancy does not affect the course of renal disease in
patients who have normal renal function at conception.

The bulk of other retrospective analyses have also indi-
cated that when renal function is normal or near-normal

GUIDELINES

No recommendations possible based on Level I or II evidence.
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and hypertension is well-controlled at conception, the nat-
ural course of maternal renal disease due to a variety of
causes is usually not adversely affected by pregnancy.3–20

A small number of authors (mainly from one group in
Australia) have not concurred and have suggested that a sig-
nificant number of such women experience a pregnancy-
induced deterioration of renal function.21–24

Although the numbers of patients progressing to ESKD
in each of the studies are very small, the bulk of reports sug-
gest that the risk of deterioration in maternal renal function
is increased mainly when conception has occurred at a
plasma creatinine concentration in excess of 0.20 mmol/L
or in the setting of poorly-controlled hypertension.5,25–32

However, determining the magnitude of the increased risk
of renal function deterioration is difficult given the often
poor documentation of renal failure progression in these
patients prior to conception coupled with the fact that
many of these patients do not reach ESKD for many years
after delivery. Moreover, rapid deterioration of renal func-
tion has also been reported in non-pregnant females and
males, such that it is almost impossible to gauge the relative
risk of renal function deterioration in the absence of pro-
spective data collection and the inclusion of appropriate
controls. For example, in the general renal disease popula-
tion in Australia, a plasma creatinine between 0.30 and
0.40 mmol/L is associated with a risk of progression to ESKD
of 11% in one year.33 Thus, the reported cases of women
with pre-pregnancy plasma creatinine concentrations of
>0.20 mmol/L who progressed to ESKD within several years
of a pregnancy could conceivably have just reflected the
natural history of their disease without having to invoke a
pregnancy-induced deterioration.

SUMMARY OF THE EVIDENCE

There are no RCTs or prospective controlled studies. Most
of the literature addressing this subject is limited to retro-
spective studies and case series, which have suffered from
many limitations (detailed in the ‘What is the evidence?’ sec-
tion – vide supra). Data are conflicting, but the bulk of studies
have suggested that when renal function is normal or near-
normal and hypertension is well-controlled at conception,
the natural course of maternal renal disease due to a variety
of causes is usually not adversely affected by pregnancy.
Although the numbers of patients progressing to ESKD in
each of the studies are very small, the bulk of reports also sug-
gest that the risk of deterioration in maternal renal function
is increased mainly when conception has occurred at a
plasma creatinine concentration in excess of 0.20 mmol/L or
in the setting of poorly-controlled hypertension. Whether
such deterioration represents an acceleration of renal failure
progression or merely the natural history of the underlying
CKD has not been conclusively established.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No
recommendation.

UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Smoking
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Final submission: July 2004
Author: David Johnson

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV sources)
• Smoking is associated with more severe proteinuria and
renal failure progression in patients with kidney disease.
(Level II–III evidence; numerous large retrospective
cohort studies; clinically relevant outcomes; consistent
strong effects) The clinical evidence for this association is
stronger for diabetic patients than for non-diabetic
patients.
• Cessation of smoking has been associated with retarda-
tion of renal failure progression. (Level II–III evidence;
several small cohort studies; clinically relevant outcomes;
consistent strong effects)

BACKGROUND

Smoking has been associated with accelerated renal failure
progression. The objective of this guideline is to evaluate
the available clinical evidence pertaining to the impact of
smoking on renal function decline in chronic kidney disease
(CKD).

SEARCH STRATEGY

Databases searched: Medline (1996 to November Week 2,
2003). MeSH terms for kidney disease were combined with
MeSH terms for smoking. The results were then limited to
cohort and case-control studies.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

There are no randomised controlled trials (RCTs).
The evidence for a deleterious effect of smoking is stron-

ger for diabetics than non-diabetics, but is limited to retro-
spective analysis. In addition to the recall bias and case
selection bias inherent in such studies, the association of
smoking with the development of renal failure does not
establish whether smoking promotes kidney disease or
whether smoking is merely associated with other factors
that promote kidney disease (such as non-compliance, vas-
cular disease, hypertension, etc.).

A retrospective, case-control study using data obtained
from 4142 non-diabetic, elderly (> 65 yrs) participants of
the Cardiovascular Health Study Cohort identified that cur-
rent smoking was a significant, independent risk factor for
clinically important changes in renal function (increase in
serum creatinine of at least 0.3 mg/dL, odds ratio 2.1, 95%
CI: 1.3–3.6). Former smokers were not at increased risk, sug-
gesting that cessation of smoking is associated with a reduc-
tion in risk of progressive kidney disease.

Stengel et al1 retrospectively analysed data from a non-
concurrent cohort study of 9082 US adults, aged 30–
74 years, who participated in the second National Health
and Nutrition Examination Survey (NHANES II) from
1976 to 1980. Up until 1992, 189 incident cases of either
treated end-stage kidney disease (ESKD) or CKD-related
death were identified. The study observed that, compared
with never-smokers, the adjusted relative risk of CKD was
significantly increased in smokers of more than 20 cigarettes
a day (RR 2.3, 95% CI: 1.3–4.2), but not in smokers of 1–20
cigarettes per day (RR 1.2, 95% CI: 0.7–2.3).

In a prospective study of 51 patients with severe essential
hypertension followed for a mean period of 35.5 months,
smoking was identified by multivariate regression analysis as
the most powerful, independent predictor of decreases in
both the reciprocal creatinine slope over time and the
calculated GFR.2

A retrospective cohort study of 160 adults with lupus
nephritis3 followed for a median of 6.4 years demonstrated
in a Cox’s proportional hazard analysis, that smoking at the
onset of nephritis was associated with a hazard ratio of 2.05
(95% CI: 1.07–3.93) for ESKD.

In a retrospective cohort study of patients with polycystic
kidney disease, Chapman et al4 observed that individuals
with significant proteinuria had a greater number of ciga-
rette pack years than those without proteinuria.

Smoking is a significant independent predictor of signi-
ficant renal artery stenosis in elderly patients beginning
renal replacement therapy.5

In retrospective studies of diabetic patients, smoking has
been associated with an increased risk of microalbumin-
uria,6–11 a shortened time interval between onset of diabetes
and onset of albuminuria,12 an accelerated rate of progres-
sion from microalbuminuria to persistent proteinuria6,10,11

and an accelerated progression of diabetic nephropathy to

GUIDELINES

No recommendations possible based on Level I or II evidence.
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ESKD.12 Improved blood pressure control and angiotensin-
converting enzyme inhibition do not appear to abrogate the
risk associated with smoking in diabetic nephropathy.13,14

However, there is some conflicting data in that a prospec-
tive observational cohort study of 301 albuminuric Type 1
diabetics followed for at least 3 years at the Steno Diabetes
Centre was unable to demonstrate statistically significant
differences in GFR decline between non-smokers, former
smokers or current smokers.15 These negative results may
reflect a type 2 statistical error.

Smoking cessation has been associated with a reduction
in albumin excretion9 and renal failure progression in dia-
betics.16 In 45 patients with progressive non-diabetic neph-
ropathy (chronic glomerulonephritis or tubulointerstitial
nephritis) who were encouraged to stop smoking (1–2 packs
per day), 16 successfully stopped smoking and demonstrated
a significantly slower rate of decline in creatinine clearance
over 2 years compared with the 26 patients who continued
to smoke.17 Compliance was assessed by carboxyhaemoglo-
bin measurements performed every 6 months.

SUMMARY OF THE EVIDENCE

There are no RCTs. Numerous retrospective and prospec-
tive studies (some of which have included thousands of
patients) have suggested that smoking is associated with
renal failure progression in both diabetic and non-diabetic
kidney disease. Current smoking confers a greater risk than
former smoking. Three small cohort studies suggest that ces-
sation of smoking may ameliorate renal failure progression
in diabetic and non-diabetic CKD.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No recom-
mendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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SUGGESTIONS FOR CLINICAL CARE

(Suggestions based on level III and IV sources)
• There is limited evidence to suggest that the progres-
sion of certain forms of renal disease is retarded by non-
steroidal anti-inflammatory drugs (NSAIDs), (Level III
evidence; several retrospective and prospective cohort
studies; mostly surrogate outcome measures; consistent
weak effect) and by combined ketaconazole and pred-
nisone (Level II–III evidence; single small cross-over
study; clinically relevant outcome; weak effect).
However, these benefits are outweighed by the serious
side-effects of these medications and their use cannot be
currently recommended.

BACKGROUND

Animal studies have suggested renoprotective benefits asso-
ciated with the administration of ibopamine (an orally active
dopamine agonist with renin-angiotensin system blocking
activity) and NSAIDs. Moreover, based on earlier case series
demonstrating a correlation of renal failure progression with
urinary excretion of 17-hydroxycorticosteroid1 and free
cortisol, some investigators have hypothesized that com-
bined therapy with ketaconazole (an inhibitor of cortisol
production) and 2.5 mg prednisone (to prevent increased
ACTH release but still allowing reduced total steroid activ-
ity) may retard renal failure progression. The objectives of
this guideline are to evaluate the clinical evidence that ibo-
pamine, NSAIDs and combined ketaconazole and pred-
nisone therapy retard renal failure progression in humans.

SEARCH STRATEGY

Databases searched: Medline (1999 to November Week 2,
2003). MeSH terms for kidney disease were combined with
MeSH terms and text words for non-steroidal anti-inflam-
matory drugs, dopamine agonists and cyclo-oxygenase 2
inhibitors. The results were then combined with the
Cochrane highly sensitive search strategy for randomised
controlled trials and MeSH terms and text words for iden-

tifying meta-analyses and systematic reviews. The Cochrane
Renal Group Specialized Register of Randomised Con-
trolled Trials was also searched for relevant trials not
indexed by Medline.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

Ibopamine

There have been one randomised controlled trial (RCT)2

and three prospective, non-controlled trials3–5 (all but 1 trial
was reported by the same group).

Ibopamine is an orally active dopamine agonist which
has been shown to activate dopaminergic receptors DA1 and
DA2 at daily doses of 100–200 mg, β–adrenergic receptors at
300–400 mg, and α-adrenergic receptors at greater than
400 mg.6,7 Its pharmacological effect is maintained over pro-
longed periods.8,9 Both in normal subjects and in patients
with mild renal impairment, ibopamine administration has
produced an increase in renal plasma flow, an increase in
99mTc–DTPA clearance, a reduction in filtration fraction and
an increase in sodium excretion and diuresis.10–12

Stefoni et al2 conducted a prospective, randomised,
open-label, multicentre trial of ibopamine in patients with
mild-to-moderate chronic kidney disease CKD (plasma
creatinine 1.5–4.0 mg/dL). A total of 189 patients from 11
nephrology centres were randomly allocated to receive ibo-
pamine 100 mg omni die (n = 96) or no treatment (n = 93).
Allocation concealment was inadequate. Exclusion criteria
included diabetes mellitus, resistant hypertension with dia-
stolic blood pressures of 100 mmHg or more, NYHA class
III–IV congestive cardiac failure, nephrotic range pro-
teinuria, pregnancy, rapid renal function deterioration
(> 30% in plasma creatinine over preceding 6 months) and
patients receiving steroids, cytotoxics or ACE inhibitors.
Ibopamine compliance was not formally assessed. Both
groups were comparable at baseline. 93% of patients com-
pleted the first year of observation and 78% reached the end
of the whole 2–year study. Drop-out rates were nearly iden-
tical in both groups. Four (4.2%) patients withdrew from
the ibopamine group due to drug intolerance (epigastric

GUIDELINES

There is limited evidence to suggest that the progression of certain forms of renal disease are retarded by ibopamine.
(Level II evidence; single RCT with suboptimal design; clinically relevant outcome; moderately strong effect) How-
ever, this benefit is outweighed by the serious side-effects of ibopamine (3-fold increased risk of death) and its use
cannot be recommended.
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pain or tachycardia). Adverse effects were more common in
the ibopamine group (40 vs. 20 or 42% vs. 22%), but the
statistical significance and breakdown of these events were
not reported. Renal function survival curves were signifi-
cantly improved in the ibopamine-treated group. Mean
plasma creatinine rose by 17% in the ibopamine group and
by 36% in controls. Creatinine clearance decline was sig-
nificantly reduced by ibopamine (5% vs. 14%). Ibopamine
exerted a significant positive effect on renal function com-
pared with controls in both patients with mild (creatinine
1.5–2.5 mg/dL) and moderate (creatinine 2.6–4.0 mg/dL)
renal impairment. Ibopamine-treated patients experienced
an initial increase in creatinine clearance (not seen in the
controls), raising the possibility that ibopamine exerted an
early haemodynamic and/or tubular secretory effect. The
main limitations of the study were: (a) the use of plasma cre-
atinine and creatinine clearance to evaluate renal function
(the effect of ibopamine on tubular secretion of creatinine
has not been studied); (b) inadequate allocation conceal-
ment which could have potentially introduced physician
bias; (c) high drop-out rates (22%); and (d) the exclusion of
ACE inhibitors (thus it is not known whether the effects of
ibopamine would be additive with these agents). The latter
point may be particularly relevant since ibopamine has been
shown to exert an antagonistic effect against angiotensin II
at both a glomerular and tubular level.8,13 It also directly
reduces activation of the renin-angiotensin system and
inhibits aldosterone secretion.14–16

Three prospective, non-controlled, small studies by sin-
gle centres3–5 have reported a significant improvement in
renal function indices (plasma creatinine, reciprocal plasma
creatinine or creatinine clearance) in patients with mild-to-
moderate CKD treated with ibopamine 100 mg daily for
periods ranging from 6 to 24 months.

Significant concerns regarding the safety of ibopamine
have been raised by the PRIME II study, which showed that
ibopamine was associated with an increased risk of death in
patients with NYHA class III and IV heart failure,17 partic-
ularly in patients with renal impairment. A subsequent
nested case-control study in users of ibopamine in the
Netherlands18 demonstrated that patients with a serum cre-
atinine level in the highest quartile had a 3-fold increased
risk of death on ibopamine.

Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)

There are no RCTs or prospective studies. NSAIDs have gen-
erally been avoided in the setting of chronic kidney disease
(CKD) because of frequent reports of deterioration of renal
function following administration of these compounds.
However, two retrospective studies have suggested a benefit
of NSAIDs on the progression of renal insufficiency.19,20

Numerous prospective uncontrolled studies21–29 and a
double-blind, crossover study30 have reported a significant
antiproteinuric effect of NSAIDs (primarily indomethacin)
in nephrotic patients. The proportional decrease in pro-
teinuria exceeded the associated 12–36% fall in GFR (e.g.
for indomethacin, the fall in proteinuria/GFR was 53%).19

Suppression of proteinuria can be sustained for up to 3 years

of treatment,19 but tends to reverse to pretreatment levels
on discontinuation of the drug.

Vriessendorp et al19 retrospectively studied the influence
of indomethacin on renal function decline and renal out-
come in 114 patients with nephrotic syndrome due to mem-
branous nephropathy, focal segmental glomerulosclerosis
or membranoproliferative glomerulonephritis. Fifty-eight
patients received indomethacin (median dose 150 mg,
range 75–225 mg) for a median period of 3 years (range 0.5–
9 years) during the period between 1968 and 1983. Forty
untreated patients were used as controls, although 5 of these
had received indomethacin for up to 1 month. Sixteen
patients were excluded because follow-up was less than
6 months. None of the patients had received corticosteroids
or cytotoxic agents. Compared with controls, indometha-
cin-treated patients had significantly lower plasma creati-
nine concentrations, lower mean arterial pressures and
higher 24–hour urinary protein excretion rates at baseline.
Renal survival was significantly better in the indomethacin-
treated patients with only 31% reaching dialysis at 10 years
(cf. 66% of controls). However, when the end-point of cre-
atinine doubling time was used in the analysis, no signifi-
cant difference was observed between the 2 groups. A
subsequent analysis suggested that only patients with a
creatinine < 0.11 mmol/L benefited significantly from
indomethacin treatment. Significant side-effects of treat-
ment (such as azotaemia or gastrointestinal haemorrhage),
were not mentioned in the paper. The major limitations of
the study include: (a) the likelihood of serious recall bias
and case selection bias as a result of the retrospective design;
(b) the lack of comparability of the indomethacin-treated
and control groups (the former had less severe renal func-
tional impairment and lower blood pressure); (c) the high
exclusion rate (14%) due to incomplete follow-up; (d) fail-
ure to make appropriate statistical adjustments for the dif-
ferences in renal function, blood pressure and proteinuria
between the 2 groups; and (e) use of a log-rank analysis for
renal survival rather than a Cox’s proportional hazards
model (which could be used to adjust for potentially con-
founding factors).

Lagrue and associates20 also reported a retrospective
analysis of the effect of indomethacin of renal failure pro-
gression in 53 nephrotic patients with membranoprolifera-
tive glomerulonephritis. They similarly reported an
improvement in renal survival but based this on compari-
sons with published literature regarding the natural history
of untreated disease (obviously inappropriate).

Inhibitors of Endogenous Cortisol Synthesis

There are no RCTs.
Based on earlier case series demonstrating a correlation

between renal failure progression and urinary excretion of
17–hydroxycorticosteroid1 and free cortisol,31,32 Walser et al
performed a small, prospective, crossover study of combined
administration of 200–600 mg daily of ketaconazole (an
inhibitor of cortisol production) and 2.5 mg prednisone (to
prevent increased ACTH release but still allowing reduced
total steroid activity) in 24 patients with progressive renal
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failure. Four patients were withdrawn because of severe
ketaconazole side-effects and one patient was withdrawn
because of the development of oliguric acute-on-chronic
renal failure. A variety of crossover designs were employed
in the remaining 19 patients, including AB (n = 10), BA
(n = 3), ABA (n = 3) and ABAB (n = 3). ‘Randomization’
of patients to a particular crossover design was by an ‘indi-
vidual not involved in the study.’ To estimate the effect of
treatment on GFR, estimated by 99,mTc–DTPA clearance, a
linear spline technique was used. The durations of each
study period were quite variable between patients but were
of the order of 3–11 months. Significant slowing of GFR
decline was observed for patients with chronic glomerular
disease, interstitial nephritis and diabetic nephropathy, but
the treatment was associated with an acceleration of GFR
decline in patients with polycystic kidney disease (n = 5).
The study was obviously too small with too short a follow-up
time to draw any conclusions regarding the value of this
therapy. Moreover, the design and statistical analysis were
suboptimal and the serious side-effects of the treatment
were disconcerting.

SUMMARY OF THE EVIDENCE

Ibopamine has been shown in one moderately large RCT
with inadequate allocation concealment to be associated
with a statistically significant and clinically meaningful
reduction in GFR decline in mild-to-moderate chronic
renal failure. However, Ibopamine administration has also
been shown to be associated with significant harm (includ-
ing an increased risk of death), which outweighs its reno-
protective benefits.

There are no RCTs of NSAID therapy in the chronic
renal failure. However, limited retrospective and prospec-
tive cohort studies involving nephrotic patients suggest a
benefit of NSAID, as evidenced by an antiproteinuric
response and, in some cases, by a retardation of renal
function decline. Significant adverse effects were noted in
several studies.

One small, prospective, crossover study of combined
administration of ketaconazole and prednisone in 24
patients with chronic renal failure observed a significant
slowing of GFR decline (except in polycystic kidney disease
where GFR decline was accelerated). These benefits
appeared to be outweighed by serious side-effects.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No recom-
mendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Other forms of dietary intervention
Date written: February 2004
Final submission: July 2004
Author: David Johnson

GUIDELINES

A carbohydrate-restricted, low-iron-available, polyphenol-enriched (CR-LIPE) diet may slow the progression of dia-
betic nephropathy. (Level II evidence; one small randomised controlled trial (RCT); clinically relevant outcome; large
effect)

BACKGROUND

Animal models of chronic kidney disease (CKD) have sug-
gested possible renoprotective roles for carbohydrate restric-
tion, augmentation of polyphenol intake and restriction of
dietary iron. Caloric restriction (principally achieved by
carbohydrate restriction) has been shown in animal models
to prevent renal failure progression independently of dietary
protein intake1). Polyphenols inhibit the digestion and
absorption of protein, energy and iron, and significantly
prolong renal survival in experimental models of
glomerulosclerosis2). Finally, iron has been identified as an
important factor in the progression of experimental nephr-
opathy after the inciting injury was removed3). The objec-
tive of this guideline was to assess the potential effectiveness
of any of these dietary interventions on renal failure
progression.

SEARCH STRATEGY

Databases searched: Medline (1999 to November Week 2,
2003). MeSH terms for kidney diseases were combined with
MeSH terms and text words for dietary restriction, CR-LIPE
and iron. The results were then combined with the
Cochrane highly sensitive search strategy for randomised
controlled trials and MeSH terms and text words for iden-
tifying meta-analyses and systematic reviews. The Cochrane
Renal Group Specialized Register of Randomised Con-
trolled Trials was also search for relevant trials not indexed
by Medline.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

1 There is one RCT.
2 Facchini and Saylor4 conducted a prospective, open-
label, RCT of a low-iron-available, polyphenol-enriched,
50% CR-LIPE diet vs. a standard, protein-restricted (0.8 g/
kg/day) diet in 191 type 2 diabetic patients with various
degrees of CKD (GFR 15–75 mL/min) or proteinuria
(350–12000 mg/day). Over a mean follow-up period of
3.9 ± 1.8 years, serum creatinine concentration doubled in

19 (21%) patients on CR-LIPE compared with 31 (39%)
patients on the control diet (P < 0.01). Renal death
occurred in 18 (20%) patients on CR-LIPE and 31 (39%) of
controls (P < 0.01). The observed differences between the
groups were independent of follow-up interval, sex, mean
arterial blood pressure, glycated haemoglobin, initial renal
dysfunction and angiotensin system inhibition. Drop-out
rates were low in each group (CR-LIPE 9%, controls 13%).
Dietary compliance was not assessed, but serum ferritin con-
centration did fall significantly in the CR-LIPE group (from
301 ± 162 to 36 ± 31 µg/L), while it was unchanged in con-
trol subjects. Despite the development of iron deficiency in
a number of subjects in the CR-LIPE group, haemoglobin
levels did not fall (141 ± 21 vs. 140 ± 20 g/L). Body weight
and serum albumin concentration also did not fall in the
CR-LIPE patients. The principal limitations of the study
were: (a) its small size (potentially limiting the generalis-
ability of these findings); (b) the lack of monitoring of
dietary compliance; and (c) the uncertainty regarding ade-
quate concealment of randomisation allocation.

SUMMARY OF THE EVIDENCE

One small RCT has demonstrated that a CR-LIPE diet is
markedly more effective at retarding the progression of dia-
betic nephropathy than standard dietary protein restriction.
These findings should be considered preliminary.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No
recommendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
British Dietetic Association Renal Nutrition Group: No
recommendation.
European Dialysis and Transplant Nurses Association –
European Renal Care Association: No recommendation.
European Society of Parenteral and Enteral Nutrition: No
recommendation.

December 200510S5Original ArticlePrevention of Progression of
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IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

A large, multicentre, RCT of CR-LIPE diet in patients with
diabetic and non-diabetic renal failure is recommended.

REFERENCES
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Blood pressure control: targets
Date written: May 2005
Final submission: October 2005
Author: Adrian Gillin

GUIDELINES

a. Lower systolic blood pressure (SBP) minimizes the risk of progression to end-stage kidney disease (ESKD), espe-
cially with proteinuria. (Level II evidence)

b. A target blood pressure (BP) of <<<< 125/75 mmHg (or mean BP <<<< 92 mmHg) if proteinuria > 1 g/24 h, may be
beneficial. (Level II evidence)

c. A target BP of <<<< 130/80 mmHg (or mean BP <<<< 97 mmHg) if proteinuria is 0.25–1 g/24 h, may be beneficial.
(Level II evidence)

d. Target BP should be <<<< 130/85 mmHg (or mean BP <<<< 100 mmHg) if proteinuria <<<< 0.25 g/24 h. (Level II evi-
dence) However, there may be other potential benefits of achieving lower BP than a mean of 100 mmHg with respect
to reduced cardiovascular risk.

There is no evidence concerning target BP for paediatric patients with progressive kidney disease.

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV evidence)
• There is evidence for a lower BP target with greater
degrees of proteinuria (> 1 g/day). A precise goal below
130/80 mmHg is not clear. These patients should be care-
fully monitored.

BACKGROUND

Most forms of chronic kidney disease (CKD) are associated
with hypertension. Uncontrolled hypertension not only
increases the risk of serious cardiovascular morbidity or mor-
tality but is also associated with a more rapid progression of
CKD. Studies have suggested that a lower BP target is more
beneficial for slowing progression of CKD than reducing
cardiovascular disease risk. The objective of this set of
guidelines is to evaluate the evidence regarding differing BP
targets for differing severity/causes of CKD in preventing
progression.

SEARCH STRATEGY

Databases searched: MeSH terms and text words for
chronic kidney disease were combined with MeSH terms
and text words for angiotensin II antagonists, ACE inhibi-
tors and blood pressure.  These were then combined with
MeSH terms and text words for locating randomised con-
trolled trials.  The search was carried out in Medline
(1966 – November Week 1, 2004).  The Cochrane Renal
Group Register of randomised controlled trials was also
searched for any additional relevant trials not indexed in
Medline.
Date of searches: 12 November 2004.

WHAT IS THE EVIDENCE?

REIN-2 Study1: This was a multicentre randomised con-
trolled trial (RCT) assessing blood-pressure control for
renoprotection in 338 patients with non-diabetic CKD.
Participants were randomly allocated to conventional
(diastolic < 90 mmHg) or intensified (130/80 mmHg) blood
pressure control. Patients with a BP target of 130/80 mmHg
by addition of felodipine had the same rate of kidney failure
progression as did patients with a higher BP target on rami-
pril. A total of 38 of 167 patients in the intensified BP con-
trol group and 34 of 168 patients allocated to the control
group progressed to ESKD. However, follow-up was only for
36 months.

MDRD Study2: A total of 840 patients were enrolled in
2 studies.  Study 1 (n = 585): GFR 25–55 mL/min/1.73 m2

BSA; Study 2 (n = 255): GFR 13–24 mL/min/1.73 m2 BSA,
with two interventions: (a) usual protein diet or low protein
diet (1.3 or 0.58 g/kg/d) and (b) usual or low BP group
(MAP 107 or 92 mmHg).  At baseline: serum creatinine
106–619 µmol/L for females or 124–619 µmol/L for men,
age 18–70 yrs, excluded if < 80% or > 160% of standard
body weight, diabetic on insulin,  > 10g/d proteinuria or
renal transplant. The primary outcome was rate of change of
GFR (125Iothalamate clearance). The mean follow up was
2.2 yrs with 60% being men, 85% white, average age 52 yrs,
25% glomerular disease, 24% ADPKD, and 3% NIDDM.
Results showed no significant overall benefit of low protein
diet or low blood pressure interventions over the full course
of the study. However, secondary analyses showed benefit of
lower blood pressure after a more rapid phase of decline in
GFR in the first 4 months with both studies.  The average
rate of decline in GFR was 3.3 mL/min/year in all groups
combined.  It was a mean 29% lower in the low BP group
than the usual BP group. GFR declined more rapidly in

December 200510S5Original ArticlePrevention of Progression of Kid-

ney DiseaseThe CARI Guidelines
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Fig. 1 Hypertension and antihyper-
tensive agents in nondiabetic kidney
disease
Source: NKF K/DOQI Guidelines,
2002.

patients with a higher degree of proteinuria, in those with
ADPKD and in blacks. The benefit of low blood pressure
was greatest with > 3 g/day proteinuria, of moderate benefit
with 1–3 g/day and there was no benefit if proteinuria was
< 1 g/day. This study was not designed to show which anti-
hypertensive agent affected renal function decline.  A mean
BP of 92 mmHg or less was safe and well tolerated up to the
3 years duration of the study. (Level II evidence)

Observational studies and clinical trials of dietary pro-
tein restriction (Marcantoni et al3 Brazy et al,4 86 patients
with mean diastolic BP < 90 mmHg had a slower rate of
decline in 1/serum creatinine. Oldrizzi et al5 enrolled 423
patients in a long-term low-protein diet study. Survival at
10 years was 96% with mean BP < 100 mHg, 74% with
mean BP < 100–110 mmHg and 48% with mean BP >
110 mmHg. The Northern Italian Cooperative Study,
showed 456 patients on a low protein diet, had a worse renal
survival with mean BP > 107 mmHg. (Level III evidence)

He and Whelton6 performed a meta-analysis which
showed systolic BP was associated with a greater risk for
ESKD than diastolic BP. (Level II evidence).

Wright et al.7 studied 1094 African-Americans with
nondiabetic, hypertensive renal disease. It compared 2 lev-
els of BP control and 2 antihypertensive drug classes on
GFR decline (3 × 2 factorial design). The BP goals were
MAP of (i) 102–107 mmHg or (ii) < 92 mmHg. The drugs
were ramipril (2.5–10 mg/day, n = 436), metoprolol (50–
200 mg/day, n = 441) and amlodipine (5–10 mg/day,
n = 217). It was an open label study. Outcomes were GFR
slope alone or GFR slope combined with reduction in GFR
by 50% or more, ESKD or death. The lower blood pressure
group achieved a mean BP of 128/78 mmHg, which was 12/
8 mmHg lower than the other BP group (mean achieved BP
141/85 mmHg). There was no significant outcome differ-
ence between groups. The ramipril group manifested risk
reductions in the clinical composite outcome of 22%
(95%CI: 1–38%, P = 0.04) compared with the metoprolol
group and 38% (95%CI: 14–56%, P = 0.004) compared
with the amlodipine group. (Level II evidence)7

There was no evidence from AASK to support a target
BP that is lower than current treatment guidelines for
cardiovascular disease. This may be peculiar to African-
Americans or to the underlying disease of hypertensive
nephro-sclerosis and not be true for other renal diseases.

SUMMARY OF THE EVIDENCE

A meta-analysis has shown that lowering SBP is associated
with slowing progression to ESKD. Results from an RCT
suggest a target BP of < 125/75 mmHg if proteinuria > 1 g/
24 h and a target BP of < 130/80 mmHg if proteinuria is
0.25–1 g/24 h.

WHAT DO THE OTHER GUIDELINES SAY?

JNC VI: Recommends mean BP 100 mmHg (130/
85 mmHg) in patients with chronic renal disease. If
< 0.25 g/d of proteinuria, no benefit of a lower BP than
above.8 JNC VII recommends less than 130/80 in patients
with CKD and proteinuria (> 300 mg/d).
Hypertension Management for Doctors (2004). NHF of
Australia: Goal is < 130/85 mmHg with chronic renal dis-
ease or < 125/75 mmHg if > 1 g/day of proteinuria.
Kidney Disease Outcomes Quality Initiative: Target BP in
non-diabetic kidney disease should be < 130/80 mmHg.9

(see Fig. 1)
UK Renal Association: The previous edition of this
document suggested a higher standard, 160/90 mmHg, for
patients over 60 years of age than for younger patients (140/
90 mmHg). In the general population, systolic hypertension
is more common in the elderly, probably due to decreased
large vessel compliance. Recent studies have shown that
increased pulse pressure, a result of decreased conduit artery
compliance, is a much more powerful risk factor for death in
the general population than systolic or diastolic blood pres-
sure. It has been shown recently that the absolute benefits of
blood pressure reduction are greater in the elderly than in
younger patients, due to the former having higher baseline
risk, and that isolated systolic hypertension or combined
systolic and diastolic hypertension in patients up to the age
of 80 can be safely treated with good results. However, many
of the elderly patients in these trials had marked systolic
hypertension, and the question of whether there is benefit
from reducing systolic blood pressure from 160 mmHg to,
say, 130 mmHg, has not been specifically examined in this
patient group, or even in the general population. Setting a
more liberal standard for blood pressure in the elderly risks
giving the message that control of hypertension is less
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important in these patients, when the reverse is probably
the case. For these reasons, the targets set here are indepen-
dent of age.10

Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
VA Primary Care Guidelines: In patients with chronic
kidney disease . . . Vigorous control of hypertension reduces
the glomerular capillary pressure and slows the progression
of glomerulosclerosis. The goal blood pressure should
be < 125/75 or mean arterial pressure less then 92 for
patients with proteinuria and 130/85 in patients without
proteinuria. ACEI or ARB is the preferred antihypertensive
agents.11

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Blood pressure control: role of specific antihypertensives
Date written: May 2005
Final submission: October 2005
Author: Adrian Gillin

GUIDELINES

a. Regimens that include angiotensin-converting enzyme inhibitors (ACEIs) are more effective than regimens that
do not include ACEIs in slowing progression of non-diabetic kidney disease. (Level I evidence)

b. Combination therapy of ACEI and angiotensin receptor blocker (ARB) slows progression of non-diabetic kidney
disease more effectively than either single agent. (Level II evidence)

c. ACEIs appear to be more effective than beta-blockers and dihydropyridine calcium channel blockers in slowing
progressive kidney disease. (Level II evidence)

d. Beta-blockers may be more effective in slowing progression than dihydropyridine calcium channel blockers,
especially in the presence of proteinuria. (Level II evidence)

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV evidence)
• Use ACEIs cautiously in patients with renal impair-
ment. A safe level of renal impairment has not been
clearly defined; therefore, one should monitor plasma
electrolytes and renal function closely during therapy.

BACKGROUND

In general, different classes of antihypertensive agents
reduce BP to a similar degree. Some antihypertensive class
agents have specific benefits to patients with other comor-
bidities, e.g. diuretics in oedematous patients due to neph-
rotic syndrome. ACEIs have been shown to have greater
beneficial effects on slowing the rate of diabetic CKD than
other antihypertensive agents, when similar BP control is
achieved. This set of guidelines evaluates the evidence for
the various classes of antihypertensive agent in slowing the
rate of progression of non-diabetic CKD.

SEARCH STRATEGY

Databases searched: MeSH terms and text words for
chronic kidney disease were combined with MeSH terms
and text words for angiotensin II antagonists, ACE inhibi-
tors and blood pressure.  These were then combined with
MeSH terms and text words for locating randomised con-
trolled trials.  The search was carried out in Medline
(1966 – November Week 1, 2004).  The Cochrane Renal
Group Register of randomised controlled trials was also
searched for any additional relevant trials not indexed in
Medline.
Date of searches: 12 November 2004.

WHAT IS THE EVIDENCE?

Effect of angiotensin-converting enzyme inhibitors on the
progression of nondiabetic renal disease: A meta-analysis
of randomised trials by Giatras et al.1 included 10 studies
(6 blinded), with 1594 patients aged 44–66 years. ACEIs
were found to be more effective than other antihyperten-
sive agents in reducing the development of non-diabetic
end-stage kidney disease (ESKD); they also do not
increase mortality. Pooled relative risk for ESKD was 0.70
(95% CI: 0.51–0.97) indicating a significantly lower risk
for developing ESKD in the ACEI group. However, risk of
death was not improved [pooled relative risk, 1.24 (95%
CI: 0.55–2.83)]. No significant association between BP
reduction and ACEI benefit was found. (Level II
evidence)

REIN Study2: The R/DB/PC trial included 352 patients
(18–70 years) with non-diabetic nephropathy (Creatinine
clearance of 20–70 mL/min ± 30%). Participants were
stratified by degree of proteinuria (1: 1–3 g/d, II: > 3 g/d),
ramipril or placebo plus conventional antihypertensives to
achieve a target < 90 mmHg diastolic. The endpoint was
rate of decline of GFR (iohexol clearance method). Patients
included were normotensive (140/90 mmHg) and hyperten-
sive. Other ACEIs and ARBs were prohibited as BP con-
trolling agents.

This study reported a significantly (P = 0.001) slower
rate of decline in GFR/month in patients with < 3 g/d pro-
teinuria on ramipril (n = 38) compared with the placebo-
treated patients (n = 49) [0.39 ± 0.10 vs. 0.89 ± 0.11 mL/
min]. Ramipril decreased protein excretion by 55% at
36 months treatment while it did not change in the placebo
group (P = 0.002). Risk reduction was significantly pre-
dicted by the percentage reduction from baseline in urinary
protein excretion during treatment. Improvement was not
related to baseline or follow-up blood pressure. In stratum I,
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there was no significantly different decline in GFR in either
group. (Level II evidence)

AIPRI Trial3: This multicentre, randomised, placebo-
controlled trial entailed 583 patients with mild to moderate
renal insufficiency (Creatinine clearance 30–60 mL/min)
due to a variety of causes, target BP – diastolic < 90 mmHg.
The outcome measure was a twofold increase in baseline
serum creatinine. Results showed a lower rate of decline of
renal function with benazepril. There was a small final dif-
ference in serum creatinine (0.1–0.2 mg/dL). No effect was
shown on progression to ESKD. There was a higher death
rate in the ACEI-treated group (1/94/ year vs. 1/657/ year).
Target BP was attained in 82% on benazepril and 68% of
control group, ACEI attained mean DBP < 85 mmHg and
controls attained < 90 mmHg DBP. This study did not con-
clusively establish the magnitude of the beneficial effect or
the safety of the ACEI therapy. (Level I evidence)

Early Randomised ACEI studies: Small sample size usually.
Results not uniform – some beneficial effect of ACEI while
others not beneficial.

Zuchelli et al.4 121 patients were studied to compare cap-
topril vs. nifedipine. Conventional antihypertensives for
1 year then randomised for 2 years on treatment. Similar BP
reduction was seen in both groups. Urinary protein fell more
with ACEI, but GFR decline was similar for both groups. If
mean BP < 100 mmHg, it was associated with slower rate of
decline in renal function. (Level III evidence)

Himmelmann et al5: Cilazapril vs. atenolol was studied in
260 patients with presumed diagnosis of hypertensive neph-
rosclerosis and near-normal renal function (GFR 82 mL/
min). During 2 years follow-up, ACEI significantly slowed
decline in renal function. (Level III evidence)

The COOPERATE Trial: Enrolled 366 patients with
non-diabetic CKD in Japan. A total of 263 patients were
treated with losartan (100 mg/day), trandolapril (3 mg/day)
or a combination of both drugs at equivalent doses and fol-
lowed for a median of 2.9 years. Survival analysis of the end-
points of doubling of serum creatinine or ESKD showed that
combination treatment safely retards progression of non-
diabetic kidney disease compared to monotherapy. Of the
combination treatment group, 11% reached the combined
primary endpoint compared to 23% (95% CI: 0.18–0.63,
P = 0.018) on trandolapril and 23% (95% CI: 0.17–0.69,
P = 0.016) on losartan.6 (Level II evidence)

The Jafar et al.7 meta-analysis sourced individual patient
data from 11 RCTs that compared efficacy of antihyperten-
sive regimens including ACEIs to the efficacy of regimens
without ACEIs in predominantly non-diabetic kidney dis-
ease. Data from 1860 patients were analysed and mean fol-
low-up was 2.2 years. All patients were hypertensive. The
ACEI group achieved a lower BP (mean 4.5/2.3 mmHg) and
had greater proteinuria reduction (mean 0.46 g/day). Regi-
mens that include an ACEI are more effective than
regimens without an ACEI in slowing progression of non-
diabetic renal disease. It is mediated by factors in addition to
decreasing BP and urinary protein excretion and is greater
in patients with proteinuria. The data were inconclusive as
to whether the benefit extended to those with baseline
proteinuria less than 0.5 g/day. (Level I evidence)

The AASK Trial8 studied 1094 African-Americans with
non-diabetic, hypertensive renal disease. It compared 2
levels of BP control and 2 antihypertensive drug classes on
GFR decline (3 × 2 factorial design). The BP goals were
MAP of (i) 102–107 mmHg or (ii) ≤ 92 mmHg. The drugs
were ramipril (2.5–10 mg/day, n = 436), metoprolol (50–
200 mg/day, n = 441) and amlodipine (5–10 mg/day,
n = 217). It was open label. Outcomes were GFR slope
alone or GFR slope combined with reduction in GFR by
50% or more, ESKD or death. The lower blood pressure
group achieved a mean BP of 128/78 mmHg, which was 12/
8 lower than the other BP group (mean achieved BP 141/
85 mmHg). There was no significant outcome difference
between groups. The ramipril group manifest risk reductions
in the clinical composite outcome of 22% (95% CI: 1–38%,
P = 0.04) compared to the metoprolol group and 38% (95%
CI: 14–56%, P = 0.004) compared to the amlodipine group.
(Level II evidence)

SUMMARY OF THE EVIDENCE

Results from a meta-analysis of RCTs showed treatments
which included ACEIs are more effective than treatment
regimens without ACEIs in slowing the progression of kid-
ney disease. The data were inconclusive about the benefit
for patients with baseline proteinuria < 0.5 g/day. Evidence
from RCTs suggest that combination therapy of ACEI and
ARB slows the progression of non-diabetic kidney disease
more effectively than other agents and ACEIs are more
effective in slowing progressive kidney disease compared
with beta-blockers and dihydropyridine calcium channel
blockers. However, there are limitations to the COOPER-
ATE study, as it is unclear whether ACEI or ARB at max-
imal doses are the same, or less efficacious than combined
therapy. RCTs have also shown that dihydropyridine
calcium channel blockers are less effective in slowing pro-
gression of kidney disease compared with beta-blockers,
particularly when proteinuria is present.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: See Guide-
line 11 of Pharmacological therapy: Nondiabetic Kidney
Disease – ‘Clinical Practice Guidelines on Hypertension
and Antihypertensive Agents in Chronic Kidney Disease.’
ACEIs and ARBs can be used safely in most patients with
CKD. They . . . “should be used at moderate to high doses,
as used in clinical trials. (A)” They should be used as alter-
natives to each other, if the preferred class cannot be used
(B).

Also see Guideline 9 – ‘Patients with non-diabetic
kidney disease and spot urine protein to creatinine ratio
> 200 mg/g, with or without hypertension, should be
treated with an ACE inhibitor or ARB.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines:
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VA Primary Care Guidelines: ‘ACEI has beneficial effects
in patients with diabetic nephropathy and other kidney dis-
eases. These drugs slow progression independent of their
effect on blood pressure. ARBs are a new class of drugs
which may be used in patients who are intolerant of ACEI.10

Studies on their effect are in progress.
Consensus statement ISN 2004: Workshop on Prevention
of Progressive Renal Disease. Hong Kong, June 29, 2004.
Suggested target BP < 130/80 mmHg. They suggested that
BP control was more important than the choice of BP low-
ering agent.11

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

Evaluate more precise BP targets for differing degrees of pro-
tein excretion.
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Reducing proteinuria
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Author: Adrian Gillin

GUIDELINES

a. The beneficial effect of treatment regimens that include angiotensin-converting enzyme inhibitors (ACEIs) in
slowing progression of kidney disease, is greater in patients with greater degrees of proteinuria. (Level I evidence)

b. There may be a proteinuria threshold for beneficial effect of ACEIs, of approximately 0.5 g/day. (Level I evi-
dence)

c. Combined therapy with an ACEI and an angiotensin receptor blocker (ARB) does result in significantly greater
antiproteinuric effect than with either agent alone and without further hypotensive effect. (Level II evidence)

d. Dihydropyridine calcium channel blocker-based treatment regimens are less effective than beta-blocker and
ACEI-based regimens in slowing progression in non-diabetic kidney disease. (Level II evidence)

BACKGROUND

Proteinuria is an important prognostic feature of chronic
kidney disease (CKD). The degree of proteinuria relates to
the severity of the kidney disease and with a greater likeli-
hood of progression to end-stages of CKD. Studies primarily
using ACEIs to slow progression to CKD indicate that
responsiveness differs depending on the baseline (pretreat-
ment) degree of proteinuria and the degree of reduction in
proteinuria. Other antihypertensive classes have been eval-
uated in a similar fashion. Thus, the aim of this set of guide-
lines is to explore the pharmacological reduction in
proteinuria leading to a slowing in the rate of progression of
various types of CKD.

SEARCH STRATEGY

Databases searched: MeSH terms and text words for
chronic kidney disease were combined with MeSH terms
and text words for angiotensin II antagonists, ACE inhibi-
tors and blood pressure.  These were then combined with
MeSH terms and text words for locating randomised con-
trolled trials.  The search was carried out in Medline (1966
– November Week 1, 2004).  The Cochrane Renal Group
Register of randomised controlled trials was also searched
for any additional relevant trials not indexed in Medline.
Date of searches: 12 November 2004.

WHAT IS THE EVIDENCE?

Russo et al.1 carried out an observational study in 8 selected
normotensive patients with biopsy-proven IgA nephropa-
thy and mild proteinuria (1–3 g/d) and normal to mildly
impaired renal function (Creatinine clearance 69–119 mL/
min). Subjects were given a maximum tolerated dose of a

variety of ACEIs for 12 weeks, followed by addition of losa-
rtan (LOS) 50 mg/d for 4 weeks, then LOS alone for 12
weeks and then combined therapy again. ACEI and LOS
reduced protein excretion by the same extent (−39 ± 2.5%
and −27 ± 20.8%). Combined therapy reduced proteinuria
by a significantly (P < 0.05) greater extent than ACEI alone
or LOS alone (−69.8 ± 5.5% − ACEI + LOS or −63.0 ±
9.3% – LOS +ACEI). The reduction in urinary protein was
independent of the degree of BP decrease. LOS was as effec-
tive as ACEIs in reducing proteinuria. Larger trials are
needed for definitive information. (Level IV evidence)

Perico et al.2 ran a randomised placebo-controlled trial in
20 patients with biopsy-proven IgA nephropathy, persistent
proteinuria (0.5–4.0 g/day), and mildly reduced renal func-
tion (serum Creatinine < 0.22 mmol/L); 12 patients had
hypertension. There were 3 phases in the study, with wash-
out of 4 weeks. (Level II evidence)

Both MDRD3 and REIN4 suggest that proteinuria is a sig-
nificant independent predictor of CKD progression. Both
report a strong association of greater baseline proteinuria
with a more rapid decline in GFR.  MDRD found that a
reduction in proteinuria independent of BP was associated
with a further decrease in the rate of decline in GFR, also
degree of renoprotection achieved by lowering BP below the
usual targets was dependent on the level of proteinuria. Pro-
teinuria is an independent predictor of CV mortality in
nondiabetic subjects.

Ramipril Efficacy in Nephropathy (REIN) study (see
above also): Patients with baseline proteinuria (< 3 g/d)
have a slower (P = 0.001) rate of decline in GFR compared
with those with baseline proteinuria (> 3 g/d) [0.53 ± 0.08
vs 0.88 ± 0.13 mL/min/month]. The degree of ramipril-
induced reduction in proteinuria correlated with GFR
decline and not with the degree of renal impairment. In
both strata, all variables of benefit (e.g. rate of decline of
renal function) could be explained by decline in pro-
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teinuria. Antihypertensive effect only explains part of the
benefit. Ramipril was safe. The benefit of ramipril was
greater with higher levels of proteinuria. (Level II evidence)

MDRD Study: In secondary analyses, reducing pro-
teinuria was associated with lowering the rate of decline in
renal function. (Level II evidence)

The beneficial effect of ACEIs on slowing progression of
CKD is greater in those with higher baseline proteinuria
(includes non-nephrotic and nephrotic syndromes) with
questionable effect in those with minimal or no proteinuria
(< 0.5g/d).5

The COOPERATE Trial: enrolled 366 patients with
nondiabetic CKD in Japan.5 A total of 263 patients were
treated with losartan (100 mg/day), trandolapril (3 mg/day)
or a combination of both drugs at equivalent doses and fol-
lowed for a median of 2.9 years. Survival analysis of the end-
points of doubling of serum creatinine or end-stage kidney
disease showed that combination treatment safely retards
progression of non-diabetic renal disease compared with
monotherapy. “The benefit of combination treatment in
retardation of renal progression was shown not only for
patients with a great rate of (baseline) urine protein excre-
tion but also for those with a small amount of proteinuria.”
However, the greater the baseline proteinuria excretion, the
more significant a reduction in proteinuria excretion after
treatment was seen.6 (Level II evidence)

The meta-analysis by Jafar et al.7 showed a stronger ben-
eficial effect of ACEIs in slowing progression when baseline
proteinuria was > 0.5 g/day. The benefit was inconclusive
below this level. (Level I evidence)

In the AASK study, proteinuria increased by 58% in the
amlodipine group and declined by 20% in the ramipril
group, during the first 6 months of the study. This difference
persisted throughout the study and was significant
(P < 0.001). In addition, even though patients with pro-
teinuria >2.5 g/day were excluded, proteinuria was still a
strong predictor of GFR decline. Ramipril did not signifi-
cantly slow GFR decline in those patients without pro-
teinuria.8 (Level II evidence)

Ruggenenti et al.9 examined 273 patients randomised to
ramipril or conventional therapy. Short term changes in
proteinuria and residual levels of proteinuria predicted long
term disease progression. Thus any treatment that reduces
proteinuria may have a possible long term benefit on pro-
gression. The suggested goal was to lower proteinuria to
< 0.5 g/day. (Level II to Level III evidence)

SUMMARY OF THE EVIDENCE

Results from MDRD and REIN show that CKD progression
is associated with higher baseline proteinuria. In non-
diabetic patients, proteinuria is an independent predictor of
cardiovascular mortality. Data from meta-analyses of RCTs
show that treatment regimens which include ACEIs are
effective in slowing the progression of kidney disease, this
effect being stronger in patients with more severe pro-
teinuria. A proteinuria threshold of approximately 0.5 g/day
was also suggested for the beneficial effect of AECIs in

reducing progression of CKD. A greater antiproteinuric
effect was seen with combined therapy of ACEI and ARB
compared to either administered alone, however, there are
limitations to the COOPERATE study. It is unclear whether
ACEI or ARB at maximal doses are the same, or less effica-
cious than combined therapy. Evidence from RCTs suggests
that beta-blockers and ACEI-based regimens in non-
diabetic kidney disease are more effective in slowing pro-
gression of disease.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: See Guide-
line 11 of ‘Clinical Practice Guidelines on Hypertension
and Antihypertensive Agents in Chronic Kidney Disease.’
ACEIs and ARBs can be used in combination to lower
blood pressure or reduce proteinuria (C).10

UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines:
VA Primary Care Guidelines: ‘ACEI reduces proteinuria,
an effect that may – in itself – be renoprotective. These
agents reduce proteinuria at any given level of blood pres-
sure reduction more than other antihypertensive drugs.
Risks associated with use of these drugs include dangerous
hyperkalemia and acute kidney failure when they are used in
situations associated with decreased glomerular filtration
pressure such as dehydration or kidney artery stenosis.11

Careful monitoring of potassium levels and serum creatinine
is warranted.
Consensus statement ISN 2004: Workshop on Prevention
of Progressive Renal Disease. Hong Kong, June 29, 2004.
Suggested use ACEI and/or ARB to reduce proteinuria. The
optimal dose was not determined. The role of combined
therapy was still uncertain due to insufficient data.12

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

More studies on the combination of ARB and ACEI are
required to confirm the benefits in slowing progression.
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Antihypertensive therapy in diabetic nephropathy
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GUIDELINES

a. Adequate control of blood pressure (BP) slows progression in diabetic nephropathy. (Level I evidence)
b. Goal blood pressures in diabetic nephropathy should be <<<< 130/85 mmHg in patients over 50 years of age and

<<<<120/70–75 mmHg for those under 50 years.* (Level I evidence). Multiple antihypertensives are usually required to
achieve target BP.

c. Protection against both nephropathy progression and cardiovascular events is provided by good BP control.

*The recommendation of target BP to vary with age is based on clinical caution in a population at risk of cerebrovascular
disease, rather than any evidence for a J-curve effect in the diabetic population.

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV sources)
• Effective BP control is the single most important factor
in limiting rate of progression of diabetic nephropathy.
• Most hypertensive diabetic patients will require treat-
ment with two or more antihypertensives to achieve opti-
mal BP control.
• The recommendation of target BP to vary with age is
based on clinical caution in a population at risk of cere-
brovascular disease, rather than any evidence for a
J-curve effect in the diabetic population.
• Elderly patients with Type 2 diabetes commonly have
high systolic blood pressure (SBP) and pulse pressure, but
normal diastolic pressure. Therapy in this group needs to
target SBP.

BACKGROUND

Hypertension is the major accelerant of progressive kidney
failure in diabetic nephropathy. This section reviews the
large body of evidence demonstrating that BP control slows
progression, and discusses target BP goals.

SEARCH STRATEGY

Databases searched: The Cochrane Renal Group Special-
ized Register was searched for randomised controlled trials
(RCTs) relating to the prevention of progression of kidney
disease in people with diabetes mellitus Type 1 and Type 2.
Specific interventions included antihypertensive therapies,
ACE inhibitors, A2 receptor antagonists, calcium channel
blockers, dietary protein restriction and glucose control,
and interventions to control hypercholesterolemia and
hyperlipidemia.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

Adequate control of blood pressure slows progression in 
diabetic nephropathy

Multiple studies have been done over the past 25 years, but
many were underpowered and short-term. Included here are
major RCTs, meta-analyses, and long-term landmark cohort
studies.
Type 1 diabetes mellitus
Kasiske et al1 – this meta-analysis of 100 studies providing
data on BP, renal function, and/or proteinuria before and
after treatment with an antihypertensive agent, included 12
RCTs. Total patient number was 2494. Most studies were
short-term, the study duration exceeded 6 months for only
27% of experimental groups, and exceeded 12 months in
only 13%.

Studies included both Type 1 and Type 2 diabetics −
49% of groups were comprised solely of Type 1 patients, 32%
solely of Type 2, 11% of groups were mixed, and in 9% type
of diabetes was unspecified. While there are excellent rea-
sons for separating Type 1 from Type 2 patients in studies,
many studies done before 1995 failed to do so, but can no
longer be ethically repeated. Both Type 1 and Type 2
patients benefit from BP control.

Thirty-five per cent of groups had clinical nephropathy,
17% had microalbuminuria, but stage of nephropathy was
not clearly indicated for 39% of groups. Patients in 78% of
groups were hypertensive. An angiotensin-converting
enzyme inhibitor (ACEI) was investigated in 46% of exper-
imental groups.

Also reported was a separate meta-analysis of the 11
included RCTs involving treatment with ACEI.

Blood pressure reduction in itself resulted in benefit in GFR
preservation of 3.7 ± 0.92 mL/min/year for each 10 mmHg
reduction in mean arterial pressure (MAP).

Specific ACEI effect was additional to this (see CARI ‘ACE
inhibitor treatment in diabetic nephropathy’ guideline).
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Deferrari et al.2 performed a meta-analysis of 9 studies of
proteinuric patients with overt nephropathy, and demon-
strated a fourfold reduction in the decline of GFR when
MAP < 100 mmHg.

Parving et al3 – this was a prospective, self-controlled, 6-
year cohort study of 29 Type 1 diabetics with proteinuria.
Patients were followed before (for mean of 29 months, range
23–38 months) and after (for mean of 39 months, range 28–
48 months) instigation of antihypertensive treatment
with metoprolol, hydralazine and diuretic. BP fell from
144/97 mmHg to 128/84 mmHg. The rate of GFR decline
decreased from 0.91 mL/min/month pre-treatment to
0.39 mL/min/month during treatment, and albumin
excretion rate (AER) also fell. Crepaldi et al4 randomised 92
normotensive Type 1 diabetics with microalbuminuria to
lisinopril, nifedipine or placebo. Both antihypertensives
effectively prevented progression to macroalbuminuria
over 3 years. Ten patients discontinued the study before
completion.

However, this study was not controlled for BP, which was
significantly lower in the lisinopril group; AER increase was
also less in the lisinopril group.

Type 2 diabetes mellitus
In the meta-analysis of Kasiske et al1 discussed above, there
was no difference in benefit of antihypertensive treatment
between Type 1 and Type 2 diabetes*.

Studies of antihypertensive therapy in Type 2 diabetes
show effective protection against the endpoints of pro-
teinuria and/or loss of GFR. The most significant reductions
in albuminuria occurred in studies with the largest BP
reductions.5,6 (see CARI ‘Angiotensin II antagonists’
guideline).

Bjorck5 used an endpoint of loss of 40% of initial GFR to
examine the effect of diastolic blood pressure (DBP) in 158
patients: those with DBP less than 86 mmHg had a 5-year
incidence of nephropathy development of 20%, compared
with 60% incidence if DBP was above 85 mmHg.

Biesenbach et al7 documented more rapid decline in GFR
in hypertensive Type 2 diabetes (SBP > 160 mmHg). This
study followed a cohort of 16 Type 1 and 16 Type 2 diabetics
with overt nephropathy, from near-normal renal function
to end-stage kidney disease (ESKD), over 77 months (44–
133 months). The mean rate of creatinine clearance
decrease was 1.38 ± 0.40 mL/min/month in patients with
SBP > 160 mmHg, and 0.78 ± 0.15 mL/min/month in
patients with SBP < 160 mmHg.

The meta-analyses of Weidmann et al,8,9 (see CARI
‘ACE inhibitor treatment in diabetic nephropathy’ guide-

Patient Group n
Number progressing to

AER > 200 µg/min

Placebo 34 7
Lisinopril* 32 2
Nifedipine* 26 2

*P < 0.02

line) further support the importance of adequate antihyper-
tensive management for both Type 1 and Type 2 diabetics.

The United Kingdom Prospective Diabetes Study
(UKPDS) provided strong evidence that control of BP can
reduce the development of nephropathy.

Goal BP in antihypertensive treatment in diabetes

Evidence that lower BP provides better protection against
cardiovascular endpoints aligns very well with protection
against diabetic nephropathy. Actual BP targets are better
defined for cardiovascular than for renal endpoints.

SUMMARY OF THE EVIDENCE

Bjorck5 documented significantly fewer renal endpoints
when DBP was < 85 mmHg.

The meta-analyses of Kasiske et al1 and Weidmann et al8

also support renal functional benefit from lower BP.
Lewis et al10 in the extension of the captopril study of

Type 1 diabetics, randomised participants to either inten-
sive (MAP ≤ 92 mmHg) or standard (MAP 102–
107 mmHg) antihypertensive treatment with ramipril and
showed a better outcome (endpoints were proteinuria and
GFR) in the intensively-treated group.

Schmitz et al11 followed a cohort of 278 Type 2 diabetics
for 6 years. Initially, 74% had normal AER, 19% had
microalbuminuria and 7% had overt proteinuria. A total of
80 patients died over the time of follow-up; older age and
higher albuminuria levels were risk factors for mortality.
Multiple regression analysis identified SBP as a risk factor
for increase in albuminuria. In a previous report of a sub-
group of 24 normoalbuminuric and 13 microalbuminuric
patients,12 initial SBP was identified as a significant corre-
late of GFR fall rate over 3.4 years.

The Appropriate Blood Pressure Control in Diabetes
(ABCD) study13 randomised 470 hypertensive Type 2 dia-
betics to intensive (goal DBP < 75 mmHg, achieved BP
132/78) vs. standard BP control (goal DBP 80–89 mmHg,
achieved BP 138/86), with second randomization to either
enalapril or nifedipine. They followed incidence and pro-
gression of diabetic complications over 5.3 years. In both
groups, patients with normo- or microalbuminuria stabilized
their renal function, but those with overt nephropathy
showed steady decline in GFR. The most important finding
in this study was that mortality was significantly less in the
intensively-treated group (5.5% vs. 10.7%, P = 0.037).

The data dovetails with evidence that cardiovascular
endpoints in diabetic patients are reduced when diastolic
BP is lower (e.g. the diabetic subgroup in the HOT Study
had fewer CV events when DBP was reduced from 85 to
81 mmHg).

Bakris et al14 performed multivariate analysis on data
from the RENAAL Study15 to document in Type 2 diabetics
with nephropathy, that baseline SBP is a stronger predictor
of renal outcomes than is DBP. Goal BP in this study
was < 140/90 mmHg pre-dose. Patients with highest base-
line pulse pressure had both the highest risk of progression
and the greatest risk reduction when SBP was lowered below
140 mmHg. Losartan patients with baseline pulse pressure
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> 90 mmHg had a 54% risk reduction of ESKD compared
with placebo patients, over the 3.4 year mean follow-up.

In older non-diabetic patients with hypertension, a J-
curve effect has been detected, i.e. excessive lowering of
DBP increases risk of coronary events, presumably by
decreasing coronary perfusion pressure.16 To date, clinical
trials in hypertensive diabetics have not detected a J-curve
effect for BP reduction.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative17: Target BP
in diabetic kidney disease should be < 130/80 mmHg. Pre-
ferred agents are ACE inhibitors or ARBs.
Canadian Diabetes Association (2003): <130/80 mmHg.
UK Renal Association: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines:

JNC VI (1997)18: Target blood pressure for diabetics
with hypertension (and for any patient with renal
impairment and hypertension) is 130/85 mmHg. In hyper-
tensives with proteinuria > 1 g/day, recommend goal BP
125/75 mmHg.

JNC VII(2003)16: In patients with hypertension and
diabetes or renal disease, BP goal is < 130/80 mmHg. Most
patients will require 2 or more antihypertensive drugs to
achieve goal BP. Lifestyle modifications recommended for
all patients.

National Heart Lung & Blood Institute Working Party
on Hypertension in Diabetes (1998): Goal BP 130/
85 mmHg.

WHO-ISH (1999): Hypertensive diabetics – aim for
< 130/85 mmHg.

American Diabetes Association (2004)19: Hyperten-
sive adult diabetics – aim for SBP < 130 and DBP < 80 (B).
Drug therapy in addition to lifestyle/behavioural modifica-
tion is required if BP is 140/90 or above (A). Two or more
drugs are usually required to achieve targets (B). Initial drug
should be a drug class demonstrated to reduce CVD events
in diabetes (ACEI, ARBs, β-blockers, diuretics, CCBs (A).
If albuminuria is present, ACEI for Type1 and either ACEI
or ARB for Type 2 are supported by evidence (A), acknowl-
edging that there are no adequate head-to-head compari-
sons of ACEIs and ARBs.

Children – aim at or below age-adjusted 90th percentile
levels.

In elderly hypertensive patients, blood pressure should
be lowered gradually to avoid complications. (E)

NHF (1999): Hypertensive diabetics – aim < 130/85 mmHg.
Australian Diabetes Society Position Statement 199620:
aim < 130/85 mmHg.
Australian Diabetes Association (2001)21: Hypertensive
diabetics with urinary protein above 1 g/day should aim for
BP < 125/75 mmHg. Uncomplicated diabetics – aim < 130/
85 mmHg.

Scottish Intercollegiate Guideline Network (2001):
Target BP in all diabetics < 140/80 mmHg.

AACE (2000): <130/85 mmHg.
APEG (2005): Target BP < 95th centile for age, gender

and height normative data.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

Optimal BP targets need to be refined for subgroups of
patients, especially the elderly with isolated systolic hyper-
tension and diabetes.
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ACE inhibitor treatment in diabetic nephropathy
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SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on level III and IV sources)
• A strong association between acute increases (up to
30%) in serum creatinine on initiation of ACEI treat-
ment, stabilizing within the first 2 months of therapy, and
long-term preservation of renal function is shown in the
meta-analysis of Bakris and Weir.1 ACEI therapy should
be withdrawn only if creatinine increases >>>> 30% above
baseline within the first 2 months of therapy.
• Use of ACE inhibitors may exacerbate hyperkalaemia
in patients with kidney failure and/or hyporeninaemic
hypoaldosteronism.

BACKGROUND

Type 2 diabetes with its increased vascular risks is expected
to affect 370 million people by 2030 (http://www.who.int/
diabetes/en/). The onset of nephropathy trebles the risks of
fatal vascular events. Renin-angiotensin system blockade is
known to be vasculoprotective in diabetes.

This section reviews the evidence that ACEI in diabetes
protects against the onset and progression of diabetic
nephropathy.

SEARCH STRATEGY

Databases searched: The Cochrane Renal Group Special-
ised Register was searched for randomised controlled trials
(RCTs) relating to the prevention of progression of kidney
disease in people with diabetes mellitus Type 1 and Type 2.
Specific interventions included antihypertensive therapies,
ACE inhibitors, A2 receptor antagonists, calcium channel
blockers, dietary protein restriction and glucose control,
and interventions to control hypercholesterolemia and
hyperlipidemia.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

ACEI in overt diabetic nephropathy

Type 1 diabetes
Lewis et al2 provided the first RCT evidence that ACEI
delays progression of kidney failure in overt diabetic
nephropathy. This RCT studied captopril vs. placebo in 409
Type 1 diabetics with overt proteinuria (> 0.5 g/day) and
BP < 140/90 mmHg. Endpoints were doubling of serum
creatinine and end-stage kidney disease (ESKD)/death.

Further follow-up of the nephrotic subgroup (n = 108) of
the total 409 patients randomised to captopril revealed
long-term remission of nephrotic syndrome in 8 patients.3

Weidmann et al4,5 performed two meta-analyses, includ-
ing 93 studies in the 1993 analysis, and added a further 11
studies for the updated analysis. Both Type 1 and Type 2 dia-
betic studies were included, and findings were similar for
both groups. In overt nephropathy, GFR was better pre-
served in ACEI-treated patients than in those treated with
beta-blockers, diuretics or nifedipine.

Type 2 diabetes
Evidence in Type 2 diabetic patients with overt nephro-
pathy has taken longer to emerge.

Two studies6,7 in Type 2 diabetes with overt nephropathy
concluded that ACEI may not affect GFR reduction rate
beyond their antihypertensive effect. However, subsequent
evidence (including the meta-analysis of Weidmann et al.5)
documented that in overt nephropathy in both Type 1 and
Type 2 diabetics, GFR was better preserved in ACEI-treated
patients than in those treated with beta-blockers, diuretics
or nifedipine.

Ferder et al8 randomised 30 Type 2 diabetics with overt
nephropathy to either enalapril (40 mg/day) or nifedipine
(40 mg/day) for 12 months. Mean arterial pressure (MAP)
in the two groups was equivalent, but urine protein dropped
significantly only in the ACEI group (4.4–0.56 g/day) and
creatinine clearance decreased only in the nifedipine group.

GUIDELINES

a. All patients with Type 1 or Type 2 diabetes mellitus complicated by microalbuminuria or overt nephropathy
should be treated with an angiotensin-converting enzyme inhibitor (ACEI), independent of blood pressure and GFR.
(Level I evidence, greater for Type 1 than Type 2). There is no evidence that any specific ACEI offers any advantage
over the class effect.

b. Hypertensive diabetics without albuminuria should be treated with ACEI as first-line antihypertensive therapy.
(Level I evidence)

c. There is currently insufficient evidence to recommend universal ACEI treatment for all diabetic patients with
normal blood pressure (BP) and albumin excretion rate (AER).

December 200510S5Original ArticlePrevention of Progression of Kidney DiseaseThe CARI Guidelines
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ACEI in microalbuminuria

Meta-analyses (predominantly Type 1)
Type 1 and Type 2 diabetes with microalbuminuria
The meta-analysis of Kasiske et al,9 (see CARI ‘Antihyper-
tensive therapy in diabetic nephropathy’ guideline),
showed ACEI to be better both at decreasing AER and in
preserving GFR, in microalbuminuric diabetic patients,
than were β-blockers and/or calcium channel blocker.
Reducing blood pressure reduced proteinuria, but ACEI
produced significant further reduction beyond their antihy-
pertensive effect.

Analysis quantified GFR preservation to be
3.7 ± 0.92 mL/min for each 10 mmHg reduction in MAP,
plus a specific ACEI effect of 3.4 ± 1.7 mL/min.

In the meta-analyses of Weidmann et al4,5 (discussed
above) initially normotensive, microalbuminuric diabetics
who received ACEI showed a fall in AER greater than that
in non-ACE inhibitor- or placebo- treated patients.

Type 2 diabetes with hypertension and microalbuminuria
Agardh et al10 studied 300 hypertensive Type 2 diabet-

ics with microalbuminuria in a double-blind, parallel
group, multicentre RCT of lisinopril (10–20 mg daily) vs.
nifedipine (40–80 mg/day), with target diastolic blood
pressure (DBP) < 90 mmHg at the time of trough drug
level. Lisinopril but not equipotent-for-BP doses of nife-
dipine reduced AER over the 12-month study (AER fell
from 65 to 39 µg/min in the ACEI group, and from 63 to
58 µg/min in the nifedipine group). Creatinine clearance
did not change in either group.

Lebovitz et al11 studied renal function in 121 hyperten-
sive Type 2 diabetics with microalbuminuria over
36 months following randomisation either to an antihyper-
tensive regimen including enalapril or to ‘conventional’
(non-ACEI) antihypertensives. ACEI specifically pre-
vented progression to overt proteinuria (7% vs. 21%
progressing) and prevented fall in GFR.

In a small, longitudinal, parallel group study of 13 hyper-
tensive Type 2 diabetics with biopsy-proven nephropathy
and mild-moderate hypertension, Mosconi et al12 ran-
domised patients to either enalapril or nifedipine. Both
antihypertensives produced comparable reduction in BP
and in AER, and GFR increased in both groups at 15 and
27 months.

Retrospective analysis of annual serum creatinine levels
from the diabetic subset within the HOPE study13 (Microal-
buminuria and Renal Outcomes in the Heart Outcomes and
Prevention Evaluation study) compared ramipril with pla-
cebo over 4.5 years in 3577 diabetics, including 1139 with
microalbuminuria and 333 with renal insufficiency. Partici-
pants with dipstick-positive proteinuria (> 1 +) or serum
creatinine > 0.2 mmol/L were excluded. Serum creatinine
levels did not increase significantly during the study in the
overall group, or in the microalbuminuric or renal insuffi-
ciency subgroups. There were no differences between serum
creatinine in the placebo and ramipril-treated groups. How-
ever, ramipril decreased the risk of overt nephropathy by
24% (95% CI: 3–40, P = 0.027), even after adjustment for

the small (2.4/1.0 mmHg) difference in BP (25%, 95% CI:
12–36, P = 0.0004).

The smaller study of Chan et al14 confirmed the efficacy
of ACEIs compared with other drugs in the hypertensive,
microalbuminuric, Type 2 diabetic patient group (RRR
23%−68% for progression to overt proteinuria).

In hypertensive microalbuminuric Type 2 diabetics ACE
inhibitors diminish AER, or at least prevent an increase in
AER. ACE inhibitors progressively lose their antiproteinu-
ric advantage over other antihypertensives as blood pressure
control increases. However, there remains a specific advan-
tage for ACEI.

Type 1 diabetes with normotension and microalbuminuria
The studies of Marre et al,15 Bilo et al,16 Chase et al,17 Hallab
et al,18 Mathieson et al,19 Viberti et al20 and Parving et al21 are
included in the Cochrane Group meta-analysis of Lovell22

asking the question ‘Are ACEI useful for normotensive
diabetic patients with microalbuminuria?’. This analysis
concluded that ACEI decrease AER in both Type 1 and
Type 2 diabetes, but that evidence for a direct link to post-
ponement of ESKD requires further evidence and longer
follow-up.

Laffel et al23 reported on a double-blind, placebo-
controlled RCT of captopril (50 mg b.d.) in 26 North
American centres, of 143 normotensive microalbuminuric
patients with Type 1 diabetes. Within 24 months, 6% of
captopril-treated subjects and 19% of placebo-treated sub-
jects progressed to clinical proteinuria (RRR = 67.8%,
P = 0.037). AER increased at an annual rate of 11.8% (95%
CI: −3.3% to 29.1%) in the placebo group, while it
declined by 17.9% (95% CI: −29.6% to  −4.3%) in the
captopril group (P = 0.004). Creatinine clearance decreased
by 4.9 mL/min per 1.73 m2 per year in the placebo group,
but remained stable in the captopril group (0.9 mL/min per
1.73 m2 per year, P = 0.039 between groups). Ten subjects
required treatment for hypertension; 8 in the placebo group
and 2 in the captopril group. There was little correlation
between the 24-month changes in mean arterial blood
pressure and AER in either group. Glycohemoglobin and
urinary urea excretion did not differ between groups.

Jerums et al24 prospectively randomised 42 normotensive
microalbuminuric Type 1 diabetics to perindopril 2–8 mg/
day, nifedipine 20–80 mg/day or placebo, and followed
33 patients for at least 24 (mean = 67) months. AER
decreased, and GFR was stable in the perindopril group,
while AER increased and GFR fell in the nifedipine group,
despite no statistical difference in BP.

Type 2 diabetes with normotension and microalbuminuria
Ravid et al25 studied 94 normotensive microalbuminuric
Type 2 diabetics, and followed them over 7 years. Enalapril
at 10 mg/day protected against rise in AER (AER increased
in the placebo group by 41% per year, but remained stable in
the enalapril group), protected against an increase in serum
creatinine (Cr increased by 3.3% per year in the placebo
group but was stable in the enalapril group), and protected
against progression to macroalbuminuria (seen in 18% of
enalapril patients vs. 60% of placebo patients).
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Ravid et al26 extended the above to show that ACEI
slowed renal functional decline in Type 2 diabetes.

Trevison and Tiengo27 documented a decrease in AER
with ACEI in normotensive Type 2 diabetes with microal-
buminuria.

Ahmad et al28 enrolled 103 normotensive Type 2 diabet-
ics with microalbuminuria, treated them with enalapril or
placebo, and followed them for 5 years. AER decreased in
the enalapril group (55–20 microg/min), increased in the
placebo group (53–85 microg/min) and progressed to overt
proteinuria in 7.7% of enalapril- and 23.5% of placebo-
treated patients.

Included in the meta-analysis of Lovell et al22 for the
Cochrane Diabetes Group, as well as the Type 1 studies as dis-
cussed above, were the following studies in Type 2 diabetics
– Marre et al,15 Ravid et al,29 Sano et al,30 and Stornello et al.31

Again, there is strong evidence that ACEIs decrease AER in
Type 2 as well as Type 1 diabetes, but an extrapolation to
postponement of ESKD requires further follow-up.

ACEI in normoalbuminuria

Recent evidence verifies earlier suggestions that ACE inhi-
bition may prevent the onset of microalbuminuria. Some
studies have included only hypertensive patients, some only
normotensives, and some are mixed.

Type 1 diabetes with normotension and normoalbuminuria
The EUCLID Study32 followed 530 normotensive Type 1
diabetics with normal urine or microalbuminuria, and
documented decrease of AER on lisinopril.

Type 2 diabetes with hypertension or normotension and
normoalbuminuria
Lacourciere et al33 studied hypertensive Type 2 diabetics
without albuminuria, documenting that captopril protected
against development of microalbuminuria, but did not
provide long-term renal functional data.

Ravid et al34 reported a RCT of 156 Type 2 diabetics with
normal BP and albumin excretion, randomised to enalapril
10 mg or placebo, and followed for a mean of 6 years. This
study documented protection from microalbuminuria onset
and minor GFR protection, although function was normal
in both groups. Follow-up in this group needs to be longer.

The Benedict trial35 studied 1204 hypertensive (defined
as BP > 130/80 mmHg or on antihypertensive therapy)
Type 2 diabetics without albuminuria, to assess whether
ACEIs and non-dihydropyridine calcium channel blockers,
alone or in combination, prevent microalbuminuria in sub-
jects with hypertension, Type 2 diabetes mellitus, and nor-
mal urinary albumin excretion. Patients were randomised to
trandalopril 2 mg (T), trandalopril 2 mg plus verapamil 180
SR (T + V), verapamil alone 240 SR (V) or placebo (P) for
3 years. The primary endpoint was the development of per-
sistent microalbuminuria (≥ 20 µg/min at 2 consecutive vis-
its), and target BP was 120/80 mmHg, achieved if required
via prescribed stepwise addition of drugs without RAS
blockade action or non-dihydropyridine calcium channel
blockers. Progression to microalbuminuria occurred in 12%

of Group V, and 10% of placebo patients (NS), and in 6% of
each of the T alone and T + V groups (P = 0.01, T + V vs.
P). Serious adverse events were comparable in all groups.
Comparable numbers of patients in each group were on
statin therapy.

SUMMARY OF THE EVIDENCE

A large body of Level 1 evidence, larger for Type 1 than
Type 2 diabetes, supports the recommendations to treat all
diabetic patients with microalbuminuria or overt nephro-
pathy with ACEI. There is no evidence that any specific
ACEI offers any advantage over the class effect.

Hypertensive diabetics without albuminuria should be
treated with ACEI as first-line antihypertensive therapy
(Level I evidence), and one RCT in Type 2 diabetes docu-
ments protection against development of microalbuminuria
in this group.

There is currently insufficient evidence to recommend
universal ACEI treatment for all diabetic patients with nor-
mal BP and AER.

There is a gap in the clinical trial evidence between
decreasing AER and preventing progression to ESKD.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: Patients
with diabetic kidney disease, with or without hypertension,
should be treated with an ACE inhibitor or an ARB.36

UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines:

JNCVII (2003): ACE inhibitors and ARBs have dem-
onstrated favourable effects on the progression of diabetic
kidney disease. An increase in serum creatinine ≤ 35%
above is acceptable and not a reason to withhold treatment
unless hyperkalemia develops. If glomerular filtration rate
< 30 mL/min per 1.73 m2, increasing doses of loop diuretics
are usually needed in combination with other drug classes.37

American Diabetic Association (2001): recommends
ACEI as first-line antihypertensive agent in all hypertensive
diabetic patients, and in normotensive diabetics with
microalbuminuria.38

American Diabetes Association (2004): In hyperten-
sive Type 1 diabetic patients with any degree of albumin-
uria, ACE inhibitors have been shown to delay the
progression of nephropathy. (A)39

In hypertensive Type 2 diabetic patients with microal-
buminuria, ACE inhibitors and ARBs have been shown to
delay the progression to macroalbuminuria. (A)

If ACE inhibitors or ARBs are used, monitor serum
potassium levels for the development of hyperkalemia. (B)

Canadian Diabetes Association (2003): In Type 1 dia-
betes and albuminuria, an ACE inhibitor should be given,
to reduce urinary albumin and prevent progression of neph-
ropathy (Grade A, Level 1 A).40

In people with Type 2 diabetes, albuminuria, and
Ccr > 60 mL/min, an ACE inhibitor (Grade A, Level 1 A)
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or an ARB (Grade A, Level 1 A) should be given, to reduce
urinary albumin and prevent progression of nephropathy
(Grade A, Level 1 A).

In people with Type 2 diabetes, albuminuria, and
Ccr < 60 mL/min, an ARB (Grade A, Level 1 A) should be
given, to reduce urinary albumin and prevent progression of
nephropathy (Grade A, Level 1 A).

Patients placed on an ACE inhibitor or an ARB should
have their Se, Sr and K levels checked within 2 weeks of
initiation of therapy and periodically thereafter (Grade D,
consensus).

SUGGESTIONS FOR FUTURE RESEARCH

Studies to determine optimal dosage of ACEI for protection
against proteinuria progression and GFR reduction could be
considered.
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GUIDELINES

Angiotensin II receptor antagonists offer specific renoprotection in diabetic nephropathy, beyond their antihyperten-
sive benefit. (Level I evidence for Type 2 diabetics with microalbuminuria or overt nephropathy)

BACKGROUND

The beneficial effects of angiotensin-converting enzyme
inhibitors (ACEIs) in preventing progression of diabetic
nephropathy have been broadly assumed to transfer to
angiotensin II receptor antagonists. Recent excellent stud-
ies have confirmed benefit in Type 2 diabetes, and are
reviewed here.

SEARCH STRATEGY

Databases searched: The Cochrane Renal Group Special-
ised Register was searched for randomised controlled trials
relating to the prevention of progression of kidney disease in
people with diabetes mellitus Type 1 and Type 2. Specific
interventions included antihypertensive therapies, ACE
inhibitors, AII receptor antagonists, calcium channel
blockers, dietary protein restriction and glucose control,
and interventions to control hypercholesterolemia and
hyperlipidemia.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

Recent studies have confirmed that AII receptor antagonists
protect against progression of diabetic nephropathy. The
number of studies remain small compared with those assesss-
ing ACE inhibitors, and have been largely confined to Type
2 diabetics. However, these studies are well designed and
adequately powered.

Type I diabetes

One randomised controlled trial (RCT) [crossover design]
of 16 Type 1 diabetics over 10 months1 documented similar
effects of losartan 100 mg and enalapril 20 mg on 24-h mean
arterial pressure (MAP) and albuminuria, without change
in GFR.

Type 2 diabetes

Microalbuminuric and proteinuric patients

Three major RCTs have recently been published, all show-
ing an advantage of AII receptor antagonists.

The Irbesartan in patients with Type 2 Diabetes and
MicroAlbuminuria (IRMA) Study – Parving et al2: 

This multicentre RCT randomised 590 hypertensive
Type 2 diabetics with microalbuminuria to irbesartan 150 or
300 mg/day, or placebo. Target BP was < 135/85 mmHg,
achieved with agents other than ACEIs, angiotensin recep-
tor blockers (ARBs) or calcium channel blockers (CCBs).

Follow-up was for 2 years, with the primary endpoint of
transition to overt proteinuria being decreased by 70% with
irbesartan therapy. Serious adverse events were less frequent
among the patients treated with irbesartan (P = 0.02).

The Irbesartan Collaborative Study of Lewis et al.3 ran-
domised 1715 hypertensive Type 2 diabetics with overt
nephropathy in 210 centres, to irbesartan 300 mg/day, amlo-
dipine 10 mg/day, or placebo. Antihypertensive agents other
than ACEIs, ARBs, and CCBs were used as needed. Target
blood pressure was 135/85 mmHg or less in all groups. Mean
follow-up was 2.6 years, with the primary endpoint being the
composite of time to a doubling of the baseline serum cre-
atinine level, the onset of end-stage kidney disease (ESKD),
or death from any cause.

The secondary endpoint was a composite of time to
death from cardiovascular event(s).

Treatment with irbesartan resulted in the following
outcomes:
• 20% risk reduction for the primary endpoint (P = 0.02)
compared with placebo and 23% risk reduction compared
with amlodipine (P = 0.006),

Irbesartan 
150

Irbesartan
300 Placebo 

BP during study 143/
83 mmHg

141/
83 mmHg

144/
83 mmHg

% patients 
reaching
primary end-
point

9.7% 5.2% 14.9%

Hazard ratio 
(as %CI)

0.61 
(.34–1.08)

0.3 
(.14–.61)

Regression to 
normal AER

12/100 Pts/ 
year

17/100 Pts/
year

10.5/100
Pts/year
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• 33% risk reduction for doubling the serum creatinine
level (P = 0.003) compared with placebo and 37% risk
reduction compared with amlodipine (P = 0.001),
• 23% risk reduction for development of ESKD (P = 0.07)
compared with placebo and amlodipine, and
• 24% slower rise in serum creatinine level compared with
placebo (P = 0.008) and 21% slower rise compared with
amlodipine (P = 0.02).
These differences were not explained by differences in blood
pressure that were achieved, and there were no significant
differences in the rates of death from any cause or in the car-
diovascular composite endpoint. Proteinuria predicted poor
renal outcome, and irbesartan decreased proteinuria more
than amlodipine or placebo.4

The RENAAL (Reduction of Endpoints in NIDDM
with the Angiotensin II Antagonist Losartan) Study –
Brenner et al5:

This multinational (250 centres in 28 countries), dou-
ble-blind, randomized, placebo-controlled study evaluated
the effects of losartan in 1513 patients with type 2 diabetes
mellitus and overt nephropathy (proteinuria > 500 mg/day
and serum creatinine levels of 1.3–3.0 mg/dL) for a mean of
3.4 years. Randomization was to losartan 50–100 mg/day
(71% received 100 mg) vs. placebo. Conventional antihy-
pertensive therapy was used in both groups. The primary
endpoint was the time to doubling of serum creatinine,
ESKD, or death. Secondary endpoints were prespecified and
included a composite of cardiovascular morbidity and mor-
tality, changes in level of proteinuria, and the rate of
progression of renal disease. Patients treated with losartan
had better outcome, with the primary endpoint reached in
43.5% of losartan-treated patients vs. 47.1% of placebo
patients. Treatment with losartan resulted in:
• 16% risk reduction for the primary endpoint (P = 0.02),
• 25% risk reduction for doubling the serum creatinine
level (P = 0.006),
• 28% risk reduction for development of ESKD (P = 0.002),
• 20% risk reduction for ESKD death (P = 0.01),
• 32% risk reduction for rate of first hospitalization for
heart failure (P = 0.005), and
• 35% decline in level of proteinuria (P < 0.001).
There was no significant difference between the groups for
the composite endpoint of cardiovascular morbidity and
mortality. It was estimated that losartan was associated with
an average delay of 2 years in the need for dialysis or renal
transplantation.

Are angiotensin II antagonists equivalent in 
renoprotective efficacy to ACEI?

Barnett et al6 randomised 250 hypertensive Type 2 diabetics
with AER 11–999 µg/min to either telmisartan 80 mg or
enalapril 20 mg, and performed serial iohexol GFR mea-
surements over 5 years. Double-dummy placebos were used.
Rate of GFR decrease was equivalent in both groups (−15
and −18 mL/min/1.73 m2 in enalapril and telmisartan
groups, respectively), and there were no significant differ-
ences in AER, BP, ESKD or cardiovascular events, although

the study was underpowered for the latter. This study had a
1/3 dropout rate, and these patients were not followed
beyond 28 days.

Lacourciere et al7 compared losartan (50–100 mg, mean
86.3 ± 22.5 mg) and enalapril (5–20 mg, mean 16.0 ±
6.2 mg) on kidney function in hypertensive Type 2 diabetics
with early nephropathy.

SUMMARY OF THE EVIDENCE

There is a convincing body of Level I evidence that AII
receptor antagonists offer renoprotection in diabetic neph-
ropathy, beyond their antihypertensive benefit. Studies
have mainly been done in Type 2 diabetic patients with
either microalbuminuria or overt nephropathy.

WHAT DO THE OTHER GUIDELINES SAY?

American Diabetes Association (2001)8: ARBs reduce the
rate of progression from micro to macroalbuminuria as well
as ESRD in patients with type 2 diabetes. (A)

ARBs may induce a smaller rise in potassium than ACE
inhibitors in people with nephropathy. In the treatment of
both micro- and macroalbuminuria, either ACE inhibitors
or ARBs should be used. (A)

There are no adequate head-to-head comparisons of
ACE inhibitors and ARBs. If one class is not tolerated, the
other should be substituted. (E)

If ACE inhibitors, ARBs, or diuretics are used, monitor
serum potassium levels for the development of hyperkale-
mia. (B)

American Diabetes Association (2004)9: In hyperten-
sive Type 2 diabetic patients with microalbuminuria, ACE
inhibitors and ARBs have been shown to delay the progres-
sion to macroalbuminuria. (A)

In patients with Type 2 diabetes, hypertension, macroal-
buminuria and renal insufficiency, ARBs have been shown
to delay the progression of nephropathy. (A)

If ACE inhibitors or ARBs are used, monitor serum
potassium levels for the development of hyperkalemia. (B)

Canadian Diabetes Association (2003)10: In people
with Type 2 diabetes, albuminuria, and Ccr > 60 mL/min,
an ACE inhibitor (Grade A, Level 1 A) or an ARB (Grade
A, Level 1 A) should be given, to reduce urinary albumin
and prevent progression of nephropathy (Grade A, Level
1 A).

In people with Type 2 diabetes, albuminuria, and
Ccr < 60 mL/min, an ARB (Grade A, Level 1 A) should be
given, to reduce urinary albumin and prevent progression of
nephropathy (Grade A, Level 1 A).

Patients placed on an ACE inhibitor or an ARB should
have their se Sr and K levels checked within 2 weeks of
initiation of therapy and periodically thereafter (Grade D,
consensus).

Kidney Disease Outcomes Quality Initiative (2004)11:
Patients with diabetic kidney disease, with or without
hypertension, should be treated with an ACE inhibitor or
an ARB. Evidence for benefit of ARBs in slowing renal pro-
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gression is strongest for Type 2 diabetics with macroalbu-
minuria. There is moderately strong evidence that diuretics
may potentiate the beneficial effects of ACE inhibitors and
ARBs in diabetic kidney disease.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

1 There is room for further head-to-head comparisons of
ACE inhibitors and ARBs.
2 Maximum ACEI or ARB therapy have been inadequately
compared with combination therapy in long-term studies
with hard endpoints.

REFERENCES

1. Andersen S, Tarnow L, Rossing P et al. Renoprotective effects of
angiotensin II receptor blockade in type 1 diabetic patients with
diabetic nephropathy. Kidney Int. 2000; 57: 601–6.

2. Parving HH, Lehnert H, Brochner-Mortensen J et al. The effect
of irbesartan on the development of diabetic nephropathy in
patients with type 2 diabetes. N Engl. J. Med. 2001; 345: 870–8.

3. Lewis EJ, Hunsickeler LG, Clarke WR et al. Renoprotective effect
of the angiotensin-receptor antagonist irbesartan in patients with

nephropathy due to type 2 diabetes. N Engl. J. Med. 2001; 345:
851–60.

4. Atkins RC, Briganti EM, Weigmann TB et al. Effect of baseline
proteinuria and change in proteinuria with treatment on the risk
of renal endpoints in the Irbesartan Diabetic Nephropathy Trial
(IDNT) [abstract]. J. Am. Soc. Nephrol. 2002; 13: A33.

5. Brenner BM, Cooper ME, de Zeeuw D et al. Effects of losartan on
renal and cardiovascular outcomes in patients with type 2 diabetes
and nephropathy. N Engl. J. Med. 2001; 345: 861–9.

6. Barnett AH, Bain SC, Bouter P et al. Diabetics exposed to tel-
misartan and enalapril study group. Angiotensin-receptor block-
ade versus converting-enzyme inhibition in type 2 diabetes and
nephropathy. N Engl. J Med. 2004; 351: 1952–61. Erratum in: N
Engl. J. Med. 2005; 352: 1731. PMID. 15516696.

7. Lacourciere Y, Belanger A, Godin C et al. Long term comparison
of losartan and enalapril on kidney function in hypertensive Type
2 diabetics with early nephropathy. Kidney Int. 2000; 58: 762–9.

8. Molitch ME, De Fronzo RA, Franz MJ et al. Diabetic nephropathy.
Diabetes Care 2001; 24 (Suppl 1): S69–S72.

9. American Diabetes Association. Standards in medical care in dia-
betes. Diabetes Care 2004; 27 (Suppl. 1): S15–S35.

10. Canadian Diabetes Association Clinical Practice Guidelines
Expert Committee. Canadian Diabetes Association 2003. Clini-
cal Practice Guidelines for the Prevention and Management of
Diabetes in Canada. Can J. Diabetes 2003; 27 (Suppl. 2): S1–
152.

11. National Kidney Foundation. K/DOQI Clinical Practice Guide-
lines for Chronic Kidney Disease: Evaluation, Classification and
Stratification 2004. [Cited 30 September 2004.] Available from
http://www.kidney.org/professionals/kdoqi/guidelines/.

http://www.kidney.org/professionals/kdoqi/guidelines/.


Prevention of Progression of Kidney Disease S95

A
P

P
E

N
D

IC
E

S

T
ab

le
 1

C
ha

ra
ct

er
is

ti
cs

 o
f i

nc
lu

de
d 

st
ud

ie
s

St
ud

y 
ID

(a
ut

ho
r, 

ye
ar

)
N

St
ud

y 
D

es
ig

n
Se

tt
in

g
Pa

rt
ic

ip
an

ts
In

te
rv

en
ti

on
(e

xp
er

im
en

ta
l g

ro
up

)
In

te
rv

en
ti

on
(c

on
tr

ol
 g

ro
up

) 
Fo

llo
w

 u
p

(y
ea

rs
)

C
om

m
en

ts

A
nd

er
se

n 
et

 a
l,

20
00

16
R

an
do

m
is

ed
cr

os
so

ve
r 

cl
in

ic
al

 t
ri

al

Si
ng

le
 d

ia
be

te
s 

ce
nt

re
16

 T
yp

e 
1 

di
ab

et
es

pa
ti

en
ts

Lo
sa

rt
an

 5
0 

m
g,

 
lo

sa
rt

an
 1

00
 m

g,
 

en
al

ap
ri

l 1
0 

m
g,

en
al

ap
ri

l 2
0 

m
g

Pl
ac

eb
o

2 
m

o

B
ar

ne
tt

 e
t a

l,
20

04
25

0
R

an
do

m
is

ed
co

nt
ro

lle
d 

cl
in

ic
al

 t
ri

al

39
 c

en
tr

es
 in

 
N

or
th

er
n 

Eu
ro

pe

25
0 

pa
ti

en
ts

 w
it

h
Ty

pe
 2

 d
ia

be
te

s 
an

d
ea

rl
y 

ne
ph

ro
pa

th
y

Te
lm

is
ar

ta
n

En
al

ap
ri

l
5

B
re

nn
er

 e
t a

l,
20

01
15

13
R

an
do

m
is

ed
co

nt
ro

lle
d 

cl
in

ic
al

 t
ri

al

25
0 

ce
nt

re
s 

fr
om

28
 c

ou
nt

ri
es

15
13

 p
at

ie
nt

s 
w

it
h

Ty
pe

 2
 d

ia
be

te
s 

an
d 

ne
ph

ro
pa

th
y

Lo
sa

rt
an

 5
0–

10
0 

m
g

on
ce

 d
ai

ly
Pl

ac
eb

o
3.

4

La
co

ur
ci

er
e 

et
 a

l,
20

00
92

R
an

do
m

is
ed

co
nt

ro
lle

d 
cl

in
ic

al
 t

ri
al

8 
cl

in
ic

al
 c

en
tr

es
in

 C
an

ad
a

92
 h

yp
er

te
ns

iv
e 

Ty
pe

 2
 d

ia
be

ti
cs

 
w

it
h 

ea
rl

y 
ne

ph
ro

pa
th

y

Lo
sa

rt
an

 
En

al
ap

ri
l

1

Pa
rv

in
g 

et
 a

l,
20

01
59

0
R

an
do

m
is

ed
 

co
nt

ro
lle

d 
cl

in
ic

al
 t

ri
al

96
 c

en
tr

es
, 

w
or

ld
w

id
e

59
0 

hy
pe

rt
en

si
ve

 
pa

ti
en

ts
 w

it
h 

Ty
pe

 2
di

ab
et

es
 a

nd
 

m
ic

ro
al

bu
m

in
ur

ia

Ir
be

sa
rt

an
 1

50
 m

g
Pl

ac
eb

o 
1

T
hi

rd
 a

rm
 in

te
rv

en
ti

on
– 

30
0 

m
g 

ir
be

sa
rt

an

T
ab

le
 2

Q
ua

lit
y 

of
 r

an
do

m
is

ed
 t

ri
al

s

St
ud

y 
ID

 (
au

th
or

, y
ea

r)
M

et
ho

d 
of

 a
llo

ca
ti

on
co

nc
ea

lm
en

t

B
lin

di
ng

In
te

nt
io

n-
to

-
tr

ea
t 

an
al

ys
is

Lo
ss

 t
o

fo
llo

w
 u

p 
(%

)
(p

ar
ti

ci
pa

nt
s)

(i
nv

es
ti

ga
to

rs
)

(o
ut

co
m

e 
as

se
ss

or
s)

A
nd

er
se

n 
et

 a
l, 

20
00

N
ot

 s
pe

ci
fie

d
Ye

s
Ye

s
U

nc
le

ar
U

nc
le

ar
0.

0
B

ar
ne

tt
 e

t a
l, 

20
04

C
en

tr
al

 
Ye

s
Ye

s
Ye

s 
N

o
0.

8
B

re
nn

er
 e

t a
l, 

20
01

C
en

tr
al

Ye
s

Ye
s

Ye
s 

Ye
s

0.
2

La
co

ur
ci

er
e 

et
 a

l, 
20

00
W

it
hi

n 
ea

ch
 c

en
tr

e
Ye

s
Ye

s
U

nc
le

ar
Ye

s
U

nc
le

ar
Pa

rv
in

g 
et

 a
l, 

20
01

N
ot

 s
pe

ci
fie

d
Ye

s
Ye

s
Ye

s 
Ye

s
0.

5



S96 The CARI Guidelines 

T
ab

le
 3

R
es

ul
ts

 fo
r 

di
ch

ot
om

ou
s 

ou
tc

om
es

St
ud

y 
ID

 (
au

th
or

, y
ea

r)
O

ut
co

m
es

In
te

rv
en

ti
on

 g
ro

up
(n

um
be

r 
of

 p
at

ie
nt

s 
w

it
h 

ev
en

ts
/n

um
be

r 
of

 p
at

ie
nt

s 
ex

po
se

d)

C
on

tr
ol

 g
ro

up
 

(n
um

be
r 

of
 p

at
ie

nt
s 

 
w

it
h 

ev
en

ts
/n

um
be

r 
of

 p
at

ie
nt

s 
no

t 
ex

po
se

d)
R

el
at

iv
e 

ri
sk

 (
R

R
) 

[9
5%

 C
I]

R
is

k 
di

ffe
re

nc
e 

(R
D

) 
 

[9
5%

 C
I]

B
ar

ne
tt

 e
t a

l, 
20

04
M

or
ta

lit
y

6/
12

0
6/

13
0

1.
08

 (
95

%
C

I: 
0.

36
, 3

.2
7)

0.
00

 (
95

%
C

I: 
−0

.0
5,

 0
.0

6)
C

V
 d

ea
th

3/
12

0
2/

13
0

1.
63

 (
95

%
C

I: 
0.

28
, 9

.5
6)

0.
01

 (
95

%
C

I: 
−0

.0
3,

 0
.0

4)
A

dv
er

se
 e

ve
nt

s
11

5/
12

0
13

0/
13

0
0.

96
 (

95
%

C
I: 

0.
92

, 0
.9

9)
−0

.0
4 

(9
5%

C
I: 

−0
.0

8,
 0

.0
0)

B
re

nn
er

 e
t a

l, 
20

01
D

ou
bl

in
g 

of
 s

er
um

 
cr

ea
ti

ni
ne

32
7/

75
1

35
9/

76
2

0.
92

 (
95

%
C

I: 
0.

83
, 1

.0
3)

−0
.0

4 
(9

5%
C

I: 
−0

.0
9,

 0
.0

1)

En
d-

st
ag

e 
re

na
l d

is
ea

se
14

7/
75

1
19

4/
76

2
0.

77
 (

95
%

C
I: 

0.
64

, 0
.9

3)
−0

.0
6 

(9
5%

C
I: 

−0
.1

0,
 −

0.
02

)
M

or
ta

lit
y

15
8/

75
1

15
5/

76
2

1.
03

 (
95

%
C

I: 
0.

85
, 1

.2
6)

0.
01

 (
95

%
C

I: 
−0

.0
3,

 0
.0

5)
H

os
pi

ta
lis

at
io

n 
w

it
h 

he
ar

t 
fa

ilu
re

89
/7

51
12

7/
76

2
0.

71
 (

95
%

C
I: 

0.
55

, 0
.9

1)
−0

.0
5 

(9
5%

C
I: 

−0
.0

8,
 −

0.
01

)

M
yo

ca
rd

ia
l i

nf
ar

ct
io

n
50

/7
51

68
/7

62
0.

75
 (

95
%

C
I: 

0.
53

, 1
.0

6)
−0

.0
2 

(9
5%

C
I: 

−0
.0

5,
 0

.0
0)

La
co

ur
ci

er
e 

et
 a

l, 
20

00
Si

tt
in

g 
D

B
P 

≤ 
85

 m
m

H
g

24
/4

9
25

/4
9

0.
96

 (
95

%
C

I: 
0.

65
, 1

.4
3)

−0
.0

2 
(9

5%
C

I: 
−0

.2
2,

 0
.1

8)
Pa

rv
in

g 
et

 a
l, 

20
01

D
ia

be
ti

c 
ne

ph
ro

pa
th

y 
(1

50
 m

g 
ir

be
sa

rt
an

da
ily

)

19
/1

95
30

/2
01

0.
65

 (
95

%
C

I: 
0.

38
, 1

.1
2)

−0
.0

5 
(9

5%
C

I: 
−0

.1
2,

 0
.0

1)

D
ia

be
ti

c 
ne

ph
ro

pa
th

y 
(3

00
 m

g 
ir

be
sa

rt
an

da
ily

)

10
/1

94
30

/2
01

0.
35

 (
95

%
C

I: 
0.

17
, 0

.6
9)

−0
.1

0 
(9

5%
C

I: 
−0

.1
6,

 −
0.

04
)



Prevention of Progression of Kidney Disease S97

Table 4 Results for continuous outcomes

December 200510S5Original ArticlePrevention of Progression of Kidney DiseaseThe CARI Guidelines

Study ID (author, year) Outcomes
Intervention group

(mean [SD])
Control group
(mean [SD]) Difference in means [95% CI]

Andersen et al, 2000 Losartan 50 mg
Mean arterial BP 

(24 hr mmHg)
95 (8) 104 (8) −9.00 (95%CI: −14.54, −3.46)

SBP (24 hr mmHg) 137 (16) 147 (12) −10.00 (95%CI: −19.80, −0.20)
DBP (24 hr mmHg) 75 (4) 82 (8) −73.00 (95%CI: −11.38, −2.62)
GFR (mL/min/1.73m2) 91 (24) 90 (24) 1.00 (95%CI: −15.63, 17.63)
Losartan 100 mg
Mean arterial BP 

(24 hr mmHg)
96 (8) 104 (8) −8.00 (95%CI: −13.54, −2.46)

SBP (24 hr mmHg) 135 (12) 147 (12) −12.00 (95%CI: −20.32, −3.68)
DBP (24 hr mmHg) 75 (4) 82 (8) −6.00 (95%CI: −11.54, −0.46)
GFR (mL/min/1.73m2) 91 (24) 90 (24) −1.00 (95%CI: −17.63, 15.63)
Enalapril 10 mg
Mean arterial BP 

(24 hr mmHg)
98 (12) 104 (8) −6.00 (95%CI: −13.07, 1.07)

SBP (24 hr mmHg) 141 (16) 147 (12) −6.00 (95%CI: −15.80, 3.80)
DBP (24 hr mmHg) 77 (8) 82 (8) −5.00 (95%CI: −10.54, 0.54)
GFR (mL/min/1.73m2) 89 (24) 90 (24) −1.00 (95%CI: −17.63, 15.63)
Enalapril 20 mg
Mean arterial BP 

(24 hr mmHg)
93 (12) 104 (8) −11.00 (95%CI: −18.07, −3.93)

SBP (24 hr mmHg) 135 (16) 147 (12) −12.00 (95%CI: −21.80, −2.20)
DBP (24 hr mmHg) 73 (8) 82 (8) −9.00 (95%CI: −14.54, −3.46)
GFR (mL/min/1.73m2) 89 (24) 90 (24) −1.00 (95%CI: −17.63, 15.63)

Lacourciere et al, 2000 SBP (mmHg) 148.3 (17.1) 145.5 (18.2) 2.80 (95%CI: −4.19, 9.79)
DBP (mmHg) 86.8 (9.6) 94.4 (8.4) 2.40 (95%CI: −1.17, 5.97)

SBP, systolic blood pressure; DBP, diastolic blood pressure; GFR, glomerular filtration rate.



S98 The CARI Guidelines 

ACE inhibitor and angiotensin II antagonist 
combination treatment

Date written: September 2004
Final submission: September 2005
Author: Kathy Nicholls

GUIDELINES

No recommendations possible based on Level I or II evidence

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV sources)
• There is currently insufficient evidence that
angiotensin-converting enzyme inhibitors (ACEIs) and
angiotensin II receptor antagonists are of additive specific
benefit in diabetic nephropathy, beyond additional antihy-
pertensive benefit.
• Although dual blockade is not yet established as a first-
line treatment for all patients with diabetic nephropathy,
it may be helpful in reaching treatment goals for blood
pressure (BP) and albuminuria in individual patients.
• Both ACEIs and angiotensin receptor blockers (ARBs)
should be suspended in situations where water and
sodium depletion is present, e.g. in gastroenteritis.
• Studies demonstrate that dual blockade causes
hypotension in 5% of patients, hyperkalaemia in 3%, and
an increase in creatinine in 8%.1

BACKGROUND

Blockade of the renin angiotensin system (RAS) is a major
therapeutic tool in the prevention of diabetic nephropathy
evolution. Relative benefit of the use of ACEIs, angiotensin
receptor antagonists (ARAs) and their combination
remains unclear. This section reviews data on dual RAS
blockade in diabetic nephropathy.

SEARCH STRATEGY

Databases searched: The Cochrane Renal Group Special-
ised Register was searched for randomised controlled trials
relating to the prevention of progression of kidney disease in
people with diabetes mellitus Type 1 and Type 2.  Specific
interventions included antihypertensive therapies, ACE
inhibitors, AII receptor antagonists, calcium channel
blockers, dietary protein restriction and glucose control,
and interventions to control hypercholesterolemia and
hyperlipidemia.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

There is as yet insufficient data documenting additional
specific benefit from adding AII antagonist to ACEI
treatment for protection against progression of diabetic
nephropathy.

The effect of dual blockade of the RAS in patients with
diabetes has been investigated only in short-term studies
using surrogate endpoints for progression of diabetic
nephropathy, i.e. antiproteinuric effects.

Studies have often used submaximal doses of the single
agents, and the combination regimens have been more
potently antihypertensive than the single drugs.

Type 2 diabetes

The CALM study,2 a prospective, randomised, double-blind
study of 199 microalbuminuric hypertensive Type 2 diabetic
patients, documented better BP control (BP reduced a fur-
ther 10/6 mmHg) with the combination of lisinopril 20 mg
and candesartan 16 mg, compared to the same doses of
either single agent. No significant changes in micro-
albuminuria or glomerular filtration rate (GFR) were detect-
able over 24 weeks.

Rossing et al3 reported a randomised, double-blind, cross-
over study of combination therapy in 18 Type 2 diabetics
with overt nephropathy and blood pressure >135/85 mmHg
despite antihypertensive therapy including recommended
doses of ACE inhibitors. Candesartan 8 mg administered
once daily or placebo were each added for 2 months, in ran-
dom order.

Addition of candesartan reduced albuminuria by 25%
(95%CI: 2–58, P = 0.04), 24–h systolic blood pressure (SBP)
by 10 mmHg (95%CI: 2–18, P = 0.02) and GFR by 5 mL/
min/1.73 m2 (95%CI: 0.1–9, P = 0.045). The GFR reduction
was reversible on stopping candesartan. Significant variabil-
ity in individual response to treatment was noted.

Type 1 diabetes

Jacobsen et al1,4 reported several small randomised, con-
trolled, double-blind, crossover studies in Type 1 diabetic
patients with nephropathy and GFR > 30 mL/min.
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WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No
recommendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Table 1 Characteristics of main studies

Study ID
(author, year) N Randomization Continuing therapy Albuminuria ABP GFR

Jacobsen et al,
20035

18 8-week periods of
placebo/80 mg
valsartan/20 mg
benazepril/ 
combination

Loop diuretics Albuminuria was 
reduced by all
3 active 
treatments by 
65% with either
single agent,
and by 80% 
with
combination.

144/79 on placebo,
129/73 on 
either single 
agent, and 
122/66 on dual
blockade.

Combination therapy 
induced a reversible
decrease in GFR of
12%.

Jacobsen et al,
20024

21 Placebo/irbesartan
300 mg

Previous 
antihypertensives
including ACEI

37% reduction
(20−49, 
P < 0.001)

SBP NS 
DBP reduced

5 mmHg
(1–9, P = 0.01)

No change (K 
increase required 
intervention in 2 
patients, mean 
4.3–4.6)

Jacobsen et al,
20031

24 Placebo/irbesartan
300 mg

Enalapril 40 mg 25% reduction
(15−34, 
P < 0.001)

reduced 8/4 mmHg
(4–12/2–7, 
P < 0.005)

No change (K 
unchanged)

ABP, arterial blood pressure.
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Protein restriction to prevent the progression of 
diabetic nephropathy

Date written: September 2004
Final submission: September 2005
Author: Kathy Nicholls

BACKGROUND

Clinicians commonly recommend dietary protein restric-
tion in patients with chronic kidney disease (CKD) of any
cause. The general evidence has been reviewed by Johnson1.
This guideline is restricted to evidence of the effect of pro-
tein restriction on the progression of diabetic nephropathy.
Studies have generally been marred by small numbers, lim-
ited follow-up, compliance problems, failure to adequately
assess nutritional impact of protein restriction, publication
bias, and overlap between “low” and “high” protein intake
groups.

SEARCH STRATEGY

Databases searched: The Cochrane Renal Group Special-
ised Register was searched for randomised controlled trials
(RCTs) relating to the prevention of progression of kidney
disease in people with diabetes mellitus Type 1 and Type 2.
Specific interventions included antihypertensive therapies,
ACE inhibitors, AII receptor antagonists, calcium channel
blockers, dietary protein restriction and glucose control,
and interventions to control hypercholesterolemia and
hyperlipidemia.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

Type 1 diabetes

Raal et al.2 studied the effects of 0.8 g/kg/day protein restric-
tion over 6 months on Type 1 diabetics with overt pro-
teinuria. Proteinuria decreased and GFR stabilized on this
reduction of protein intake to 50% of their previously unre-
stricted diet (> 1.6 g/kg/day).

Zeller et al3 studied 35 Type 1 diabetics with overt neph-
ropathy: over 37 months, the rate of renal functional

decline (iodothalamate clearance) on 0.6 g/kg/day protein
intake was 0.0055 mL/ s/month vs. 0.0168 mL/ s/month in
the control group.

Pedrini et al.4 reported a meta-analysis of 5 RCTs
(n = 108) of low protein diet in both diabetic nephropathy
and non-diabetic kidney disease patients. Included in the
MDRD study were 40% of patients (see below), but only 3%
of these had Type 1 diabetes. The analysis concluded that
protein restriction significantly reduced the risk of kidney
failure or death (RR 0.67, 95% CI: 0.50–0.89), but it is
unclear whether symptoms were simply limited by lower
protein intake, delaying the need for dialysis.

While the Modification of Diet in Renal Disease
(MDRD)5 was the largest trial examining dietary protein
restriction in the progression of renal disease (n = 840), it
has limited relevance because it included few diabetic
patients. It failed to demonstrate clear benefit, although fur-
ther analysis by Klahr et al6 suggested some benefit.

Waugh and Robertson7 for the Cochrane Diabetes
Group, meta-analysed 5 trials (4 RCTs) of low protein diet
in Type 1 diabetes (Table 1) and concluded that protein
restriction is beneficial.

Kasiske et al8 pooled 13 RCTs of protein restriction
(mean 0.7 g/kg/day vs. 1.0 g/kg/day) in both diabetic and
non-diabetic kidney disease (only 4 of the 13 entered only
diabetics). Total n = 1919. In the diabetic subgroup, protein
restriction had greater effect on GFR than in the non-
diabetic patients, with dietary protein restriction in diabe-
tics reducing the rate of GFR decline by 5.4 mL/min/ year.
However, the confidence intervals on this figure were wide
at 0.3–10.5 mL/min/year. No analysis of nutritional impact
was attempted.

Type 2 diabetes

There is a little data for low protein diet showing progres-
sion in Type 2 diabetics with overt nephropathy.

GUIDELINES

a. A small volume of evidence suggests that all patients with renal involvement from diabetes should restrict protein
intake to 0.75 g/kg/day (WHO recommended minimum safe daily intake). The expected benefit is modest in com-
parison with the benefits of good blood pressure (BP) control and angiotensin-converting enzyme inhibitor (ACEI)
therapy.

b. There is Level I evidence for Type 1 diabetes with microalbuminuria or overt nephropathy.
c. Evidence is lacking in Type 2 diabetes with established diabetic nephropathy.
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Permerlalu et al9 showed in a randomised crossover trial
that moderate protein intake at 0.8 g/kg/day compared to
high protein at 2 g/kg/day improved GFR and decreased
proteinuria.

Parving et al.10 failed to show a benefit of protein restric-
tion in Type 2 diabetics with overt proteinuria.

What is the evidence in children?

There is no evidence available in diabetic nephropathy.

SUMMARY OF THE EVIDENCE

Three meta-analyses (one Cochrane analysis) support the
recommendation of modest protein intake in diabetic neph-
ropathy, to the level of the WHO recommended minimum
daily intake of 0.75 g/kg/day. The benefit is quantitatively
small in comparison with the effects of blood pressure con-
trol and renin-angiotensin system blockade.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: American
Diabetes Association: With the onset of overt nephropa-
thy, initiate protein restriction to 0.8 g/kg/day (19% of daily
calories), the current adult RDA for protein. Further restric-
tion may be useful in slowing the decline of GFR in these
patients. (B)
UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines:

World Health Organization: WHO recommendations
for minimum daily protein intake are 1.1 g/kg/day in infants,
decreasing to 0.75 g/kg/day in adolescents.

Australian Paediatric Endocrinology Group (2005):
Daily energy intake 15%−20% protein, 50%−55% carbo-
hydrate, 25%−40% fat (< 10% as saturated fat).

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Table 4 Results for continuous outcomes

Study ID
(author, year) Outcomes

Intervention group
(mean [SD])

Control group
(mean [SD]) Difference in means [95% CI]

Ciavarella et al, 1987 Albumin excretion rate
(µg/min)

 205 (212)  850 (288) −645.00 (95%CI: −833.80, −456.20)

Blood glucose (mg/dL)  172 (46)  185 (41) −13.00 (95%CI: −56.34, 30.34)
Glycosylated Hb (%) 8.7 (1.7) 8.6 (1.4) 0.10 (95%CI: −1.46, 1.66)
Insulin dose (U/day)  41 (7.5)  41 (9) 0.00 (95%CI: −8.09, 8.09)
Serum creatinine (mg/dL) 1.26 (0.34) 0.97 (0.32) 0.29 (95%CI: −0.04, 0.62)
Creatinine clearance 

(mL/min/1.73m2)
 112 (21)  92 (23) 20.00 (95%CI: −1.63, 41.63)

Dullaart et al, 1992 Serum urea (mM) 4.9 (0.6) 5.7 (0.8) −0.80 (95%CI: −1.30, −0.30)
Serum albumin (g/L) 43.3 (1.9) 43.8 (2.5) −0.50 (95%CI: −2.08, 1.08)
Urinary urea (mmol/24 hr)  274 (85)  386 (91) −107.00 (95%CI: −170.01, −43.99)
Urinary phosphate

(mmol/24 hr)
27.1 (8.0) 31.4 (6.7) −4.30 (95%CI: −9.62, 1.02)

Urinary sodium
(mmol/ 24 hr)

 151 (50)  158 (39) −7.00 (95%CI: −1.49, 1.35)

Urinary calcium
(mmol/24 hr)

4.50 (1.91) 4.57 (2.07) −0.07 (95%CI: −1.49, 1.35)

GFR at 2 yrs
(mL/min/1.73m2)

 113 (24)  112 (21) 1.00 (95%CI: −15.25, 17.25)

Raal et al, 1994 GFR (mL/min/1.73m2)  53 (23)  58 (26) −5.00 (95%CI: −25.51, 15.51)
Zeller et al, 1991 Glycosylated Hb (%) 7.8 (0.89) 8.0 (1.55) −0.20 (95%CI: −1.08, 0.68)

Mean arterial BP (mmHg) 102.3 (5.37) 105.5 (3.49) −3.20 (95%CI: −6.14, −0.26)
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Specific effects of calcium channel blockers in 
diabetic nephropathy

Date written: September 2004
Final submission: September 2005
Author: Kathy Nicholls

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV sources)
• There is insufficient evidence to recommend routine
use of dihydropyridine calcium channel blockers (CCBs)
in diabetic nephropathy, unless required for antihyperten-
sive action.
• There is a small additional benefit on proteinuria from
addition of non-dihydropyridine CCBs to angiotensin-
converting enzyme inhibitors (ACEIs). (Level III
evidence – Type 2 diabetes, small volume)
• CCBs are recommended as second-line treatment in
diabetic nephropathy, and are frequently required for
optimal blood pressure (BP) control. There is a small ben-
efit of non-dihydropyridines over dihydropyridines for
protection against progression of proteinuria.

BACKGROUND

Calcium channel blocking drugs differ in their effects on
glomerular haemodynamics and urinary albumin excretion
(UAE), both in normal and in disease states. Non-
dihydropyridine CCBs reduce albumin excretion. This
section questions whether or not CCBs have any specific
renoprotective effect, beyond BP lowering, in diabetic renal
disease.

SEARCH STRATEGY

Databases searched: The Cochrane Renal Group Special-
ised Register was searched for randomised controlled trials
relating to the prevention of progression of kidney disease in
people with diabetes mellitus Type 1 and Type 2. Specific
interventions included antihypertensive therapies, ACE
inhibitors, AII receptor antagonists, calcium channel block-
ers, dietary protein restriction and glucose control, and
interventions to control hypercholesterolemia and
hyperlipidemia.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

Studies are limited in number, and patient numbers are
small. The Benedict trial is the only RCT which provides a
head-to-head study of CCBs vs ACEI with adequate control
of BP.1 It is adequately controlled and we lack long-term
studies with functional endpoints.

Ruggenenti et al1 studied hypertensive normoalbuminu-
ric Type 2 diabetic patients and showed no benefit of ver-
apamil over placebo in progression to microalbuminuria,
while trandolapril reduced risk of progression to micro-
albuminuria by 51% compared with verapamil.

Non-dihydropyridine CCBs offer a small protective
effect on proteinuria in diabetic nephropathy, beyond their
antihypertensive action. (Level II evidence – Type 2 diabe-
tes, small volume).

There is no evidence that CCBs influence decline of
GFR in diabetic nephropathy, beyond their antihyperten-
sive effect.

Non-dihydropyridine calcium channel blockers in 
diabetic nephropathy

Type 2 diabetes
Bakris et al:2 In this study, 52 Type 2 diabetics with hyper-
tension were randomised to lisinopril, verapamil/diltiazem,
or beta blockers and followed for a mean of 5.3 years. End-
point was change in slope of creatinine clearance. Mean
arterial pressure was equivalent in all three groups. Func-
tional decline in the atenolol group was greater than the
other two groups, and albuminuria decreased with vera-
pamil/diltiazem to an extent similar to lisinopril.

Bakris et al3 studied 34 African Americans with renal
impairment due to Type 2 diabetes and overt nephropa-
thy randomised to verapamil or atenolol, with additional
diuretic in both groups to achieve BP < 140/90 mmHg.
After a mean follow-up of 54 months, creatinine clear-
ance was better maintained in the verapamil group, and
proteinuria was less.

GUIDELINES

Non-dihydropyridine calcium channel blockers (CCBs) offer a small protective effect on proteinuria in diabetic neph-
ropathy, beyond their antihypertensive action (Level II evidence – Type 2 diabetes, small volume). There is no evidence
that CCBs influence decline of glomerular filtration rate (GFR) in diabetic nephropathy, beyond their antihypertensive
effect. One RCT in hypertensive normoalbuminuric Type 2 diabetic patients shows no benefit of verapamil over pla-
cebo in progression to microalbuminuria.
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Velussi et al4 followed 44 hypertensive Type 2 diabetics
with normo- or microalbuminuria randomised to either
amlodipine or cilozapril for 3 years, and found similar effi-
cacy in the two groups in delaying GFR decline and reduc-
ing AER at BP < 140/85 mmHg.

Mosconi et al5 performed a 3-phase, parallel group study
in 16 hypertensive microalbuminuric patients with Type 2
diabetes and biopsy-proven nephropathy and slight GFR
depression. Both nitrendipine and enalapril treatment
groups controlled BP, lowered albuminuria, and preserved
GFR over 27 months.

The Benedict trial1 studied 1204 hypertensive (defined
as BP > 130/80 mmHg or on antihypertensive therapy)
Type 2 diabetics without albuminuria, to assess whether
ACEIs and non-dihydropyridine CCBs, alone or in combi-
nation, prevent microalbuminuria in subjects with hyper-
tension, Type 2 diabetes mellitus, and normal urinary
albumin excretion. Patients were randomised to trando-
lapril 2 mg (T), trandolapril 2 mg plus verapamil 180 SR
(T + V), verapamil alone 240 SR (V) or placebo (P) for
3 years. The primary endpoint of development of persistent
microalbuminuria was reached in 12% of V, and 10% of
placebo patients (NS), and in 6% of each of the T alone
and T + V groups (P = 0.01, T + V vs. P).

Target BP was 120/80 mmHg, achieved if required via
prescribed stepwise addition of drugs without RAS blockade
action or non-dihydropyridine CCBs. Actual BP was
slightly but significantly lower in the T + V group, poten-
tially confounding the outcome. SAEs and numbers on
statin therapy were comparable in all groups.

Dihydropyridine calcium channel blockers

There is a significant difference in antiproteinuric effect
between dihydropyridines and non-dihydropyridines,
despite both being effective antihypertensive agents. This
probably relates to differential effect on glomerular perme-
ability.6 This group randomised 21 hypertensive patients
with Type 2 diabetes and nephropathy to either diltiazem
CD or nifedipine and followed them 3-monthly for
21 months. Despite similar levels of blood pressure control,
proteinuria was reduced only in the diltiazem group, with
improvement in glomerular size selectivity. No significant
differences in GFR were found.

Addition of non-dihydropyridine calcium channel 
blockers to ACEI

Evidence that the protective effect of ACEI and of non-
dihydropyridine CCBs in Type 2 diabetic nephropathy are
additive is limited to the studies of Bakris et al7 who reported
an open-label, parallel group study of 37 Type 2 diabetics
with overt nephropathy, randomised to trandolapril (T),
verapamil (V) or combination (T + V). Doses of drug were
titrated over 8 weeks to achieve a goal blood pressure of
< 140/90 mmHg in all 3 groups. Baseline proteinuria was
1342 ± 284 mg/dL. Proteinuria reduction in the T + V
group (62 ± 10%) was greater than either T alone

(33 ± 8%) or V alone (27 ± 8%), despite lower doses of both
T and V in the T + V group. The mean daily dose of the
individual components of T + V (T 2.9 ± 0.8 mg, V
219 ± 21.1 mg) was significantly lower than the dose of
either T alone (5.5 ± 1.1 mg/day (P < 0.01) or V alone
(314.8 ± 46.3 mg, given in two divided doses, P < 0.01).

GFR did not change over 1 year in any group.

SUMMARY OF THE EVIDENCE

There is no evidence that calcium channel blockade retards
renal function deterioration in diabetic nephropathy. Stud-
ies have been small and largely confined to Type 2 diabetes.
One RCT has indicated superiority of trandolapril over ver-
apmil in preventing progression to microalbuminuria in
hypertensive normoalbuminuric Type 2 diabetic patients.
This is good evidence that non-dihydropyridine CCBs
reduce proteinuria. However, the clinical benefit of CCBs
seem on current data, to be largely confined to their anti-
hypertensive action.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative (2004):
Nondihydropyridine CCBs consistently demonstrate reduc-
tion in proteinuria, alone and when added to ACE inhibi-
tor. It is reasonable to use a combination of ACE inhibitor
and/or ARB and non-dihydropyridine CCB in hypertensive
patients.8

UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines:

Canadian Diabetes Association (2003): The use of
non-dihydropyridine CCBs may be considered to reduce
urinary albumin excretion in proteinuric hypertensive
patients (Grade B, Level 2).9

American Diabetes Association (2004): With regards
to slowing the progression of nephropathy, the use of
DCCBs as initial therapy is not more effective than placebo.
Their use in nephropathy should be restricted to additional
therapy to further lower blood pressure in patients already
treated with ACE inhibitors or ARBs. (B)10

In the setting of albuminuria or nephropathy, in patients
unable to tolerate ACE inhibitors and/or ARBs, consider
the use of non-DCCBs, beta-blockers, or diuretics for the
management of blood pressure. (E)

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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APPENDICES

Table 1 Characteristics of included studies

Table 2 Quality of randomised trials

Study ID
(author, year) N

Study 
design Setting Participants

Intervention
(experimental

group)

Intervention
(control
group) 

Follow
up 

(months) Comments

Bakris et al, 
1997

34 Randomised
controlled
clinical 
trial

Nephrology
clinic

34 African- 
Americans 
with diabetic
nephropathy

Verapamil Atenolol 54

Mosconi et al,
1996

13 Randomised
controlled
clinical 
trial

Hospital 13 micro-
albuminuric 
NIDDM 
patients with 
mild 
hypertension 
and diabetic 
glomerulopathy

Nitrendipine Enalapril 27

Study ID
(author, year)

Method of
allocation

concealment

Blinding

Intention-to-
treat analysis

Loss to follow
up (%)(participants) (investigators)

(outcome
assessors)

Bakris et al, 1997 Not specified No No Unclear Yes 14.7
Mosconi et al, 1996 Not specified Yes Yes Unclear No 18.8

http://www.diabetes.ca/cpg2003/default.aspx
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Table 3 Results for dichotomous outcomes

Table 4 Results for continuous outcomes

Study ID
(author, year) Outcomes

Intervention
group

(number of
patients

with events/
number of 
patients
exposed)

Control
group 

(number of
patients

with events/
number of

patients not
exposed)

Relative risk (RR) 
[95% CI]

Risk difference (RD) 
[95% CI]

Bakris et al, 
1997

Doubling of serum 
creatinine

5/18 3/16 1.48 (95%CI: 0.42, 5.24) 0.09 (95%CI: −0.19, 0.37)

Mosconi et al,
1996

From 
microalbuminuric
to normo-
albuminuric

4/7 4/6 0.86 (95%CI: 0.36, 2.02) −0.10 (95%CI: −0.62, 0.43)

Study ID
(author, year) Outcomes

Intervention group
(mean [SD])

Control group
(mean [SD]) Difference in means [95% CI]

Bakris et al, 1997 Mean change in protein
excretion (g/dL)

−1.3 (0.7) −0.278 (0.382) −1.02 (95%CI: −1.39, −0.65)

Rate of decline in 
creatinine clearance
(mg/dL)

−1.7 (0.9) −3.7 (1.4) 2.00 (95%CI: 1.20, 2.80)

Mosconi et al, 1996 Blood glucose (mg/dL) 99.2 (8.3) 99.7 (11.2) −0.50 (95%CI: −11.37, 10.37)
SBP (mmHg) 105.3 (11.7) 146.6 (12.4) 3.70 (95%CI: −9.47, 16.87)
DBP (mmHg) 84.9 (3.6) 93.7 (7.8) −8.80 (95%CI: −15.59, −2.01)
GFR (mL/min/1.73m2) 81.2 (7.8) 79.9 (17.7) 1.30 (95%CI: −14.00, 16.60)
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Glucose control and progression of diabetic nephropathy
Date written: September 2004
Final submission: September 2005
Author: Kathy Nicholls

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV sources)
• The Australian Diabetes Association is attempting to
standardize HbA1c assays nationally. Some older assays
are falsely elevated by carbamylated Hb in chronic kidney
disease (CKD).
• The risk of hypoglycaemia can be minimized by fre-
quent blood glucose monitoring with appropriate inter-
vention (AACE).
• There is evidence that renal damage rarely occurs in
patients with either Type 1 or Type 2 diabetes if HbA1c is
<<<< 7.5% and postprandial blood glucose is <<<< 10.1 mmol/L.
Data from the Joslin Clinic (Type 1) suggests that a low
incidence rate of diabetic nephropathy occurs when
HbAlc <<<< 8.0%. Lower levels of HbA1c may be required for
macrovascular protection.
• A major limitation of the available data is that they do
not identify the optimum level of control for particular
patients, as there are individual differences in the risks of
hypoglycaemia, weight gain, and other adverse effects.
• It is unclear how different components of multifacto-
rial interventions (e.g. educational interventions, glycae-
mic targets, lifestyle changes, and pharmacological agents)
contribute to the reduction of complications.
• There are no clinical trial data available for the effects
of glycaemic control in patients with advanced complica-
tions, the elderly (> 65 years of age), or children <<<< 13
years.
•  In the United Kingdom Prospective Diabetes Study
(UKPDS) and the Diabetes Control and Complications
Trial (DCCT), intensive control trebled the risks of
hypoglycaemia and increased weight gain.
• Epidemiological analyses suggest that there is no lower
limit of A1c at which further lowering does not reduce risk
of complications. However, the absolute risks and benefits
of lower targets are unknown.
• The risks and benefits of an A1c goal of <<<< 6% are
currently being tested in an ongoing study (ACCORD,
Action to Control Cardiovascular Risk in Diabetes) in
Type 2 diabetes.

• Elevated postchallenge (2-h OGTT) glucose values
have been associated with increased cardiovascular risk
independent of fasting plasma glucose (FPG) in some epi-
demiological studies. Postprandial plasma glucose (PPG)
levels >>>> 7.8 mmol/L are unusual in non-diabetics, although
large evening meals can be followed by plasma glucose val-
ues up to 10 mmol/L.
• The longer patients can maintain a target HbA1c level
of 7.0%, which is achievable with current methods, the
greater their protection from nephropathy.

BACKGROUND

Although disputed for many years, the causal relationship
between poor glycaemic control and development and pro-
gression of complications is now proven, as outlined in this
section.

The risk of a rapid decline of glomerular function
abruptly increases when glycated haemoglobin exceeds
7.5% and postprandial blood glucose is > 11 mmol/L.1

SEARCH STRATEGY

Databases searched: The Cochrane Renal Group Special-
ised Register was searched for randomised controlled trials
relating to the prevention of progression of kidney disease in
people with diabetes mellitus Type 1 and Type 2.  Specific
interventions included antihypertensive therapies, ACE
inhibitors, AII receptor antagonists, calcium channel
blockers, dietary protein restriction and glucose control,
and interventions to control hypercholesterolemia and
hyperlipidemia.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

Type 1 diabetes

The Diabetes Control and Complications Trial Research
group2 conducted a 10-year, prospective, randomised con-

GUIDELINES

a. In both Type 1 and Type 2 diabetics, glycosolated haemoglobin (HbA1c) should be maintained at or < 7% for pri-
mary prevention of diabetic nephropathy, and for prevention of progression from microalbuminuria to overt nephr-
opathy. (Level I evidence for Type 1 diabetes – moderate volume; Level I evidence for Type 2 diabetes – small volume)

b. Optimal glycaemic control – preprandial blood glucose 4.4–6.7 mmol/L and HbA1c <<<< 7% carries increased risk
of hypoglycaemia. (We do not have evidence that tight control in Type 2 diabetics with overt nephropathy will alter
outcome)

December 200510S5Original ArticlePrevention of Progression of
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trolled trial (RCT) of intensive glucose control (target
HbA1c < 7%) in 1441 normotensive Type 1 diabetics with
albumin excretion rate (AER) < 139 µg/min (<200 mg/
24 h). Adolescents > 13 years were included. The primary
(n = 726) and secondary (n = 715) cohorts were each ran-
domised to either intensive treatment (3–4 injections of
insulin or continuous subcutaneous insulin infusion and 4
self-monitored blood glucose tests daily) or conventional
treatment (1–2 injections of insulin and either home urine
glucose testing several times per day, or later in the study,
self blood glucose testing once per day). The DCCT was
stopped prematurely in 1993, after a mean duration of fol-
low-up of 6.5 years. Although the mean HbA1c levels of the
2 DCCT treatment groups reached their maximum separa-
tion by 6 months post-randomization, it took 3–4 years of
different treatment regimens with separation of HbA1c

levels by 2.0%, before the cumulative incidence curves of
nephropathy began to diverge distinctly.

Intensive treatment prevented the development and
progression of nephropathy: the onset of proteinuria was
reduced by 54% and microalbuminuria by 39%, most prom-
inently in the primary prevention cohort. The absolute risk
of nephropathy was proportional to the mean HbA1c level
over the follow-up period. For each 10% decrease in HbA1c,
there was a 25% decrease in the risk of microalbuminuria,
and no glycaemic threshold for nephropathy was detected
above the non-diabetic range of HbA1c by any form of mod-
elling of the data.

The DCCT found no influence of intensive treatment
on GFR (125I-iothalamate clearance) or creatinine clear-
ance, which remained within the normal range for most
subjects during the DCCT.

Further follow-up after 4 years confirmed persistent pro-
tection despite increasing hyperglycaemia.3

The DCCT patient cohort has converted to the Epide-
miology of Diabetes Interventions and Complications
(EDIC) observational study,4 which reports sustained bene-
fits of intensive treatment well beyond the period of its most
intensive implementation. Risk reduction for intensive
treatment has been maintained through 7 years although
HbA1c levels have converged. At 1 year, the difference in
mean HbA1c of the 2 former randomised groups was only
0.4% (P < 0.001) – 8.3% in the former conventional treat-
ment group vs. 7.9% in the former intensive treatment
group. The difference continued to narrow, losing statistical
significance by 5 years (8.1% vs. 8.2%, P = 0.09). However,
the further rate of progression of complications from their
levels at the end of the DCCT remains less in the former
intensive treatment group on intention-to-treat analysis.

At the fifth- and sixth-year examinations of 1298 EDIC
participants, the prevalence of microalbuminuria in those
without it at DCCT closeout remains less in the former
intensive treatment group than in the conventional treat-
ment group (4.5% vs. 12.3%, RRR 67%; P < 0.001). In sub-
jects with either normoalbuminuria or microalbuminuria at
DCCT closeout, the risk reduction in subsequent develop-
ment of clinical albuminuria in the former intensive treat-
ment group was 84% (P < 0.001). Furthermore, an aggregate
endpoint of serum creatinine (0.18 mmol/L) chronic dialysis

therapy, or renal transplantation, was reached by only 6 of
the original intensive treatment group vs. 17 of the original
conventional group. While the prevalence of hypertension
at the end of the DCCT was equivalent in the conventional
and intensive groups (12% vs. 11%) the EDIC at 6 years doc-
umented significantly greater hypertension in the conven-
tional group (33% vs. 25%, P < 0.001).

The Minnesota Transplant group5 looked at intensive vs.
standard glucose control in 48 diabetic renal transplant
recipients. Good glucose control resulted in histologically
confirmed protection from subsequent nephropathy.

Type 2 diabetes

In Type 2 diabetics, only recently has good data emerged
for glycaemic control protecting from microvascular
complications.

In the Kumamoto Study,6 significantly less nephropathy
developed in Type 2 diabetes patients intensively treated
with insulin. This prospective 6-year study identified a pri-
mary prevention cohort (no albuminuria) and a secondary
intervention cohort (overt microalbuminuria). Glycaemic
control in the two groups was HbA1c 7.1% vs. 9.4%; per-
centage of patients developing nephropathy was 8 vs. 28 in
the prevention cohort, while in the microalbuminuric
group, 12% vs. 28% progressed to nephropathy. However,
this is one small study and the patients were thin Type 2 dia-
betics – we should probably not extrapolate freely from it.

The UKPDS7,8 studied 4075 newly-diagnosed Type 2 dia-
betic patients from 23 UK centres over 20 years. Intensive
glycaemic control produced better microvascular outcome
with less kidney failure, and two-thirds reduction in risk of
doubling of serum creatinine. There was less development of
both microalbuminuria and proteinuria in the intensive
treatment group (RRR 33% for microalbuminuria develop-
ment). A 37% decrease in the incidence rates of micro-
macroalbuminuria was observed for any decrease of HbA1c

by 1%.9

Blood glucose levels as well as HbA1c may be important.
(Level III evidence)

Nosadini and Tonolo1 followed 74 hypertensive patients
with Type 2 diabetes and elevated AERs, while achieving
BP < 140/90 mmHg with ACEIs, CCBs and diuretics. Every
6 months for 4 years, GFR, HbA1c and daily fasting and
postprandial glucose levels were measured. GFR decreased
in 75% of patients, all of whom had HbA1c > 7.5%. Post-
prandial blood glucose was closely correlated with rapid
GFR decline (R2 = 0.55, P < 0.00001). No significant
change was observed when postprandial glucose was
< 10.1 mmol/L.

In Type 2 diabetes, there is no evidence that strict met-
abolic control retards progression once overt nephropathy is
present.10

SUMMARY OF THE EVIDENCE

Long-term studies, especially in Type 1, but also in Type 2
diabetic patients, indicate that good glycaemic control
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results in clinically significant preservation of renal func-
tion. However, benefit is greatest when control is instigated
earlier in the course of nephropathy. In Type 2 diabetics
with overt nephropathy, there is no evidence that tight con-
trol will alter the renal function outcome.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative (2004): No
recommendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines:

American Diabetes Association: HbA1c < 7% (DCCT
reference method). Review therapy if consistently > 8. Rec-
ommended plasma glucose ranges are 5–7.2 mmol/L
preprandial, 6.1–8.3 mmol/L bedtime.

American Diabetes Association (Revision 2004): Aim
for normoglycaemia, HbA1c < 7% (B), and consider < 6% in
individual patients (B), but less stringent goals may be
appropriate for patients with severe hypoglycaemia, limited
life expectancies, or comorbid conditions, and for very
young children or older adults (E).11

American Association of Clinical Endocrinology:
HbA1c < 7%.

Canadian Diabetes Association: ‘Best possible glucose
control’ recommended in all diabetics for prevention, onset
and delay in progression of early nephropathy. (Grade A,
level 1A) Therapy in most patients with Type 1 or 2 diabe-
tes should be targeted to achieve HbA1c ≤ 7.0% in order to
reduce the risk of microvascular (Grade A, Level 1A0 and
macrovascular complications (Grade C, level 3).12

To achieve A1c ≤ 7.0%, aim for FPG or preprandial PG
targets of 4–7 mmol/L, and 2- h post prandial PG targets of
5–10 (Grade B, Level 2).

If it can safely be achieved, lowering PG targets toward
the normal range should be considered (Grade C, Level 3):
Alc ≤ 6.0 (grade D, consensus), FPG/preprandial PG 4–6
(grade D, consensus) 2- h postprandial PG 5–8 (grade D,
consensus).

Australian Paediatric Endocrinology Group (2005):
HbA1c target < 7.5% for older children & adolescents,
younger children ‘may set a little higher’. Blood glucose >
4.0 mmol/L.13

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Smoking and the progression of diabetic nephropathy
Date written: September 2004
Final submission: September 2005
Author: Kathy Nicholls

GUIDELINES

No recommendations are possible based on Level I or II evidence

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV sources)
• Smoking accelerates the development and progression
of diabetic nephropathy. (Level III evidence – large ret-
rospective cohort studies; clinically relevant outcomes;
consistent strong effects)
• Cessation of smoking retards progression of diabetic
nephropathy. (Level III evidence – small volume, several
small cohort studies; clinically relevant outcomes; consis-
tent strong effects)
• Current smoking confers a greater risk than former
smoking.
• All patients with Type 1 or Type 2 diabetes should be
strongly advised against commencement/continuation of
smoking, to reduce the risk of developing and accelerating
diabetic nephropathy as well as for vascular health.

BACKGROUND

Smoking has been associated with increased risks of devel-
oping diabetic kidney disease, and of accelerating its pro-
gression. The objective of this guideline is to evaluate the
available clinical evidence of the impact of smoking on
diabetic kidney disease.

SEARCH STRATEGY

Databases searched: The Cochrane Renal Group Special-
ised Register was searched for randomised controlled trials
relating to the prevention of progression of kidney disease in
people with diabetes mellitus Type 1 and Type 2. Specific
interventions included antihypertensive therapies, ACE
inhibitors, AII receptor antagonists, calcium channel block-
ers, dietary protein restriction and glucose control, and
interventions to control hypercholesterolemia and
hyperlipidemia.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

There are no randomised controlled trials (RCTs). Evidence
is limited to retrospective analysis, and may therefore be
subject to recall and selection bias. It is not absolutely estab-
lished that smoking is a true independent risk factor inde-

pendent of possible associated confounders such as non-
compliance, accelerated vascular disease, and hypertension.

Type 1 diabetes

In Type 1 diabetes, smoking increases the risks of:

• Developing microalbuminuria
Chase et al.1 – 359 young Type 1 diabetics were studied.

The authors found abnormal albumin excretion ratio
(AER) risk to be increased 2.8 times in smokers.

Rossing et al.2 – median 9-year follow up of a cohort of
537 Type 1 normotensive, normoalbuminuric diabetics at
the Steno centre. The study identified RR of smoking in
progression to microalbuminuria or macroalbuminuria as
1.61 (95%CI: 1.11–2.33).
• Progression from microalbuminuria to overt proteinuria2

• Decreasing the time over which these developments
occur, and end-stage kidney disease (ESKD) develops.3,4

Sawicki et al.5 calculated that the adjusted odds ratios for
a 20% increase in proteinuria/year, and/or a > 20%/year
reduction in GFR increased by 2.7 for every 10 pack years
smoked.

One prospective observational cohort study at the Steno
Diabetes Centre6 reported conflicting results. A total of 301
albuminuric Type 1 diabetics followed for at least 3 years,
the study was unable to demonstrate statistically significant
differences in GFR decline between non-smokers, former
smokers or current smokers. These negative results may
reflect a type 2 statistical error, or may be influenced by the
stringent definition of ‘smoking’ as > 1 cigarette/day for part
or all of the study.

Cessation of smoking has been associated with reduction
in AER1 and in progression of kidney failure.5

Type 2 diabetes

In Type 2 diabetes, smoking increases the risks of developing
microalbuminuria.7 Gambaro et al8 followed 273 Type 2 dia-
betics for 3 years, identifying smoking as an important and
graded risk factor for development and progression of
microalbuminuria.

Chuahirun and Wesson9 prospectively sought predictors
of kidney function decline in 33 Type 2 diabetic patients,
successfully targeting a mean blood pressure goal of
92 mmHg (about 125/75 mmHg) with antihypertensives,
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including ACE inhibitors. Initial plasma creatinine was
< 1.4 mg/dL and follow-up was 64.0 ± 1.1 months. Regres-
sion analysis showed that smoking was the only examined
parameter that significantly predicted renal function decline.
In the 13 smokers, serum creatinine increased from
1.05 ± 0.08 mg/dL to 1.78 ± 0.20 mg/dL although mean arte-
rial pressure was the same. The 20 non-smokers had a lesser
creatinine rise at 1.08 ± 0.03 mg/dL to 1.32 ± 0.04 mg/dL.

The effect of smoking appears to counteract the pro-
tective effects of improved blood pressure control and
angiotensin-converting enzyme inibition in diabetic
nephropathy.10 In this study of 84 hypertensive Type 2 dia-
betics, smoking and albuminuria were interrelated risk fac-
tors for renal function deterioration over 64 months’ mean
follow-up.

The same group11 reported a 6-month study in 157 Type
2 diabetic smokers and non-smokers along a spectrum of
normo-, micro- and macroalbuminuria, and an additional
80 Type 2 diabetic quitters. Urinary transforming growth
factor (TGF)-beta-1 excretion was measured as a surrogate
for progression, and was higher in smokers than non-smok-
ers in each albuminuria group, and returned to non-smokers’
levels in quitting smokers.

Baggio et al12 evaluated GFR, metabolic profile, and
quantitative renal biopsy findings in 96 patients with Type 2
diabetes and increased AER, 48 of whom smoked.

Compared with non-smokers, smokers had higher HbA1c

(P = 0.002), AER (P = 0.026), GFR (P = 0.004), and glom-
erular basement membrane (GBM) width (P = 0.002). GFR
was higher in current smokers than in former smokers
(P = 0.001), and GBM width was related to heavy smoking
(F = 5.4; P = 0.006).

What is the evidence in children?

Couper et al13 documented increased risk of microalbumin-
uria in adolescent diabetics who smoke.

SUMMARY OF THE EVIDENCE

There are no randomised clinical trials, but the consensus
from multiple large cohort studies is that smoking acceler-
ates both the development and progression of nephropathy
in both Type 1 and Type 2 diabetes, and that the size of this
effect is clinically important. Cessation of smoking is asso-
ciated with improvement in the rate of progression in
smaller cohort studies.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative (2004):
“. . . the large sample sizes and adequate methodological
quality and applicability of the studies supporting the asso-
ciation of smoking with faster rate of GFR decline provide
reasonable evidence that there may be a deleterious effect of
smoking on rate of progression.”14

UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.

International Guidelines:
American Association of Clinical Endocrinologists

(2002): These guidelines advise ‘cessation of smoking’.
American Diabetes Association (2004): Advise all

patients not to smoke. (A), include smoking cessation
counselling and other forms of treatment as routine compo-
nents of diabetes care. (B).15

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Control of hypercholesterolaemia and progression of 
diabetic nephropathy

Date written: September 2004
Final submission: September 2005
Author: Kathy Nicholls

GUIDELINES

All hypercholesterolaemic diabetics should be treated with HMG-CoA reductase inhibitor to retard progression of
nephropathy. (Level III evidence for Type 1 diabetes; Level II evidence for Type 2 diabetes – small volume of data)
There is no evidence on which to base recommendations for target total cholesterol, LDL, HDL or triglyceride levels.
All diabetic patients should receive statin therapy for cardiovascular protection. (Level I evidence)

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV sources)
• In the absence of evidence to guide target lipid levels
for renal endpoints, it is reasonable to follow the recom-
mendations of the National Heart Foundation and the
Australian Diabetes Association Guidelines – recommend
fasting total cholesterol level <<<< 5.0 mmol/L, LDL
<<<< 3.0 mmol/L.

BACKGROUND

Hyperlipidaemia is a risk factor for progression of multiple
experimental models of renal disease, and human studies
indicate that it may also accelerate non-diabetic renal dis-
ease, as well as being a well-recognized vascular risk factor.
This section reviews the evidence that therapy to lower lip-
ids protects against the progression of diabetic nephropathy.
Evidence that lowering lipid levels with HMG-CoA reduc-
tase inhibitors has cardiovascular benefit is strong, and for
practical purposes will drive therapy in diabetic patients.
This evidence will not be reviewed here.

SEARCH STRATEGY

Databases searched: The Cochrane Renal Group Special-
ised Register was searched for randomised controlled trials
(RCTs) relating to the prevention of progression of kidney
disease in people with diabetes mellitus Type 1 and Type 2.
Specific interventions included antihypertensive therapies,
ACE inhibitors, AII receptor antagonists, calcium channel
blockers, dietary protein restriction and glucose control,
and interventions to control hypercholesterolemia and
hyperlipidemia.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

There are no large long-term RCTs designed to determine
whether or not control of hypercholesterolaemia, and/or

treatment with HMG-CoA reductase inhibitors retard
progression of diabetic nephropathy. One meta-analysis1

studied rate of renal function decline in 13 prospective
controlled studies, done over 3–24 months and published
between 1991 and 1999. Of a total of 404 patients, 253 were
diabetic. There was a lower rate of glomerular filtration rate
(GFR) decline in patients on lipid-lowering agents (95%CI:
0.026–0.285 mL/min/month, P = 0.008), especially in the
longer follow-up groups. There was also a trend to lower
proteinuria or albuminuria (P = 0.077).

Type 1 diabetes

Mulec2 followed 31 diabetics with established nephropathy,
and observed a greater GFR decline rate in hypercholester-
olaemic patients (Chol >7 mmol/L GFR decline 8.4 mL/
min/year; Chol <7 mmol/L GFR decline 2.3 mL/min/year).

The Joslin Group also demonstrated hypercholestero-
laemia to predict rapid loss of renal function in Type 1
diabetics with overt nephropathy.3

Type 2 diabetes

Nielsen et al4 performed a very small RCT (double-blind,
randomized and placebo-controlled) of the effect of simva-
statin (10–20 mg/day) on renal function and insulin sensi-
tivity in 18 Type 2 diabetics with microalbuminuria and
moderate total cholesterol ≥ 5.5 mmol/L. Simvastatin
(n = 8) for 36 weeks significantly reduced total cholesterol,
LDL-cholesterol and apolipoprotein B, but neither GFR nor
urinary albumin excretion rate changed significantly during
the study in either group.

Gall et al5 followed a cohort of 176 patients with Type 2
diabetes mellitus and normoalbuminuria for median fol-
low-up of 5.8 years to determine the risk factors associated
with the development of incipient and overt diabetic
nephropathy.

They documented that increased cholesterol level was
an independent risk factor for progression to nephropathy
(RR 1.4, 95%CI: 1.1–1.7, P < 0.01).
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Lam et al6 (RCT, placebo-controlled study) showed
benefit of HMG-CoA reductase inhibition over 2 years in
34 Type 2 diabetics with hypercholesterolaemia and overt
nephropathy with stabilized GFR, whereas the placebo
group had decreased GFR. There was no significant change
in proteinuria.

The GREACE study7,8 was not a RCT, but prospectively
evaluated the effect of 3 years of ‘structured’ treatment with
atorvastatin (to LDL < 2.6 mmol/L, mean dose 23.7 mg/
day) vs. non-standardized ‘usual care’ on morbidity and mor-
tality of 1600 patients with coronary heart disease (CHD),
with analysis of the subgroup with diabetes (n = 313). A
total of 17% of the usual care patients were on long-term
hypolipidemic drug treatment. During the study, 46 of 152
(30%) diabetic CHD patients on usual care vs. 20 of 161
(12.5%) patients on structured care experienced a major
vascular event or died; RRR 58%, P < 0.0001. The RRRs for
the primary endpoints were: all-cause mortality 52%,
P = 0.049; coronary mortality 62%, P = 0.042; coronary
morbidity 59%, P < 0.002; and stroke 68%, P = 0.046.
Event rate curves started deviating from the sixth treatment
month and the RRR was almost 60% by the 12th month,
remaining stable for the next 2 years.

Renal functional decline was reported separately.8 All
patients had initially normal plasma creatinine, with 642
patients K/DOQI Stage 1, 864 Stage 2, and 94 Stage 3.
Creatinine clearance (Ccr) was estimated (for up to
48 months) by the Cockroft-Gault formula, at baseline,
6 weeks, then 6-monthly. Patients from both groups not
treated with statins showed a 5.2% decrease in Ccr
(P < 0.0001). Usual care patients on various statins (simva-
statin, pravastatin, atorvastatin or fluvastatin, in total 97
patients) had a 4.9% increase in Ccr (P = 0.003). Structured
care patients on atorvastatin had a 12% increase in Ccr
(P < 0.0001). This effect was more prominent in the lower
two quartiles of baseline Ccr (patients with a GFR < 77 mL/
min had a mean increase in Ccr of 15.4%) and with higher
atorvastatin doses (40–80 mg/day; n = 112, showed 13.8%
increase in Ccr, while in those on 10–20 mg/day; n = 688,
Ccr increase was 10.9%, P = 0.001). Statin treatment pre-
vented the decline in renal function seen in untreated dys-
lipidaemic patients with CHD. In treatment-based analysis,
687 patients in the usual care group showed a mean reduc-
tion in Ccr of 5.3% (P < 0.0001). Seventeen patients in the
structured care group who discontinued atorvastatin for var-
ious reasons, had a decrease in Ccr of 4.9% (P = 0.02).

Whether or not HMG-CoA reductase inhibition confers
benefit for renal endpoints in diabetes is highly unlikely to
ever be adequately studied in humans, because the weight of
evidence for cardiovascular benefit is strong, even in nor-
molipaemic patients without evidence of cardiovascular dis-
ease. Studies in microalbuminuric diabetic patients are
limited by small patient numbers, short duration of follow-
up, and lack renal functional endpoints.

The diabetic patient subgroup (n = 5963) of the MRC/
BHF Heart Protection Study,9 in which patients were ran-
domly allocated to receive 40 mg simvastatin daily or
matching placebo, had a 22% (95%Cl: 13–30) reduction in
first event rate (major coronary event, stroke or revasular-

ization) on simvastatin (601 [20·2%] simvastatin vs. 748
[25·1%] placebo, P < 0·0001). There were also highly signif-
icant reductions of 33% (95%Cl: 17–46, P = 0·0003) among
the 2912 diabetic participants who did not have any diag-
nosed occlusive arterial disease at entry, and of 27%
(95%Cl: 13–40, P = 0·0007) among the 2426 diabetic par-
ticipants whose pretreatment LDL cholesterol concentra-
tion was below 3.0 mmol/L (116 mg/dL). Risk reduction was
similar in Type 1 and Type 2 diabetics. In participants who
had a first major vascular event following randomization,
allocation to simvastatin reduced the rate of subsequent
events. The average difference in LDL cholesterol was
1·0 mmol/L during the 5-year treatment period. In diabetic
patients without occlusive arterial disease, 5 years of treat-
ment would be expected to prevent about 45 people per
1000 from having at least one major vascular event, and
among these 45, to prevent 70 first or subsequent events.

Another primary prevention randomised, placebo-
controlled trial in Type 2 diabetic patients10 showed a 37%
risk reduction in cardiovascular events in patients treated
with atorvastatin 10 mg/day.

SUMMARY OF THE EVIDENCE

There are no adequate RCTs with functional endpoints and
long-term follow up. One metaanalysis of 13 small, pro-
spective, controlled studies in which diabetics were enrolled
suggested benefit of HMG-CoA reductase inhibition, as did
cohort studies. The GREACE prospective cohort study in
1600 patients included diabetic subjects and indicated risk
reduction for progression of renal dysfunction in hyperlipi-
daemic patients with coronary disease when they were
treated with high-dose statins. For practical purposes, the
argument to treat dyslipidaemia for renal outcome is over-
whelmed by the very large body of Level I evidence for vas-
cular risk reduction.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative (2004): No
recommendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.

American Diabetic Association (2001): For adult
diabetics, aim LDL < 2.6, HDL > 1.15 male, 1.40 female.
Initiate drug therapy at LDL > 3.35. Aim TG < 2.3.
Children – LDL < 2.8.11

American Diabetic Association (2004): Use statin in
all diabetics > 40 with total cholesterol 5.5, to achieve an
LDL reduction of approximately 30% regardless of baseline
LDL (A).12

The first priority of pharmacological therapy is to lower
LDL cholesterol to 2.60 mmol/L. For LDL lowering, statins
are the drugs of choice and should be added to lifestyle mod-
ification focusing on the reduction of saturated fat and cho-
lesterol intake, weight loss, increased physical activity, and
smoking cessation (A).
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Lowering LDL cholesterol with a statin is associated with
a reduction in cardiovascular events (A).

In children and adolescents with diabetes, LDL choles-
terol should be lowered to 2.60 mmol/L (E).

ACE (2000): Goal LDL < 2.6.
National Heart Foundation Australia: Total cholesterol

< 5.0, LDL < 3.0.
Scottish Intercollegiate Guideline Network (2001):

Use drug therapy as primary cardiovascular prevention in
Type 2 diabetics without nephropathy when 10-year risk of
major cardiovascular event > 30%.

American College of Physicians: Control lipid levels in
type 2 diabetes to macrovascular risks: use as secondary pre-
vention in all patients with known coronary artery disease
and as primary prevention in patients with any other car-
diovascular risk factor. Recommendations apply equally to
men and to women. Once lipid-lowering therapy is
initiated, patients should take at least a moderate dose of a
statin: e.g. atorvastatin 20 mg, lovastatin 40 mg, pravastatin
40 mg or simvastatin 40 mg. Trials have generally not
helped in defining target levels for either total cholesterol or
LDL cholesterol. Benefits have been obtained regardless of
baseline lipids, and when treatment targets were set in ear-
lier trials they were sometimes higher than those commonly
accepted today.13

Canadian Diabetes Association: Treat patients at high
risk of vascular event: LDL-C < 2.5 mmol/L and TC: HDL-
C < 4.0; and for patients at moderate risk of vascular event
LDL-C < 3.5 mmol/L and TC: HDL-C <5.0 (Grade D, con-
sensus). Although current evidence does not support spe-
cific targets for apoB or TG, the optimal TG level is < 1.5,
and optimal apoB < 0.9 g/L for high-risk, and < 1.05 g/L for
moderate-risk patients (Grade D, consensus).

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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APPENDICES

Table 1 Characteristics of included studies

Study ID
(author, year) N Study design Setting Participants

Intervention
(experimental

group)

Intervention
(control
group)

Follow up
(months) Comments

Lam et al, 1995 36 Randomised 
controlled 
clinical trial

University
hospital

34 Chinese
NIDDM
patients

Lovastatin Placebo 2 years
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Table 2 Quality of randomised trials

Table 3 Results for continuous outcomes
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Study ID
(author, year)

Method of allocation
concealment

Blinding

Intention-to-treat
analysis

Loss to  
follow up (%)(participants) (investigators)

(outcome
assessors)

Lam et al, 1995 Block randomisation Yes No No No 5.6

Study ID
(author, year) Outcomes

Intervention group
(mean [SD])

Control group
(mean [SD]) Difference in means [95% CI]

Lam et al, 1995 Mean arterial BP (mmHg) at 24 mo 105.9 (12.8) 103.4 (11.9) 2.50 (95%CI: −5.84, 10.84)
BMI (kg/m2) at 24 mo 26.3 (4.4) 25.0 (4.24) 1.30 (95%CI: −1.61, 4.21)
HbA1c (%) at 24 mo 6.6 (1.6) 6.8 (1.70) −0.20 (95%CI: −1.31, 0.91)
Total cholesterol (mmol/L) at 24 mo 4.9 (0.4) 6.4 (0.85) −1.50 (95%CI: −1.94, −1.06)
Triglyceride (mmol/L) at 24 mo 2.0 (1.6) 3.7 (2.55) −1.70 (95%CI: −3.12, −0.28)
HDL–cholesterol (mmol/L) at 24 mo 1.09 (0.24) 0.99 (0.30) 0.10 (95%CI: −0.08, 0.28)
LDL–cholesterol (mmol/L) at 24 mo 3.0 (0.8) 3.8 (0.85) −0.80 (95%CI: −1.35, −0.25)
Apo A1 (h/L) at 24 mo 1.98 (0.32) 1.90 (0.30) 0.08 (95%CI: −0.13, 0.29)
Apo B (g/L) at 12 mo 1.27 (0.2) 1.50 (0.30) −0.23 (95%CI: −0.40, −0.06)
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Multifactorial therapy and the progression of 
diabetic nephropathy

Date written: September 2004
Final submission: September 2005
Author: Kathy Nicholls

GUIDELINES

Intensive combination therapy protects against progression of diabetic nephropathy. (Level II evidence for Type 2 dia-
betes – single RCT) and Level III evidence for Type 1 diabetes – single small cohort study, small volume) 

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV evidence)
• Patient motivation, compliance and total cost of therapy
may be limiting issues. Multifactorial therapy is likely to
be embraced long-term only by highly motivated patients.
For motivated patients, the limited available data suggest
possible synergistic effects of multifactorial intervention,
for both micro- and macrovascular endpoints.

BACKGROUND

The evolution of evidence for multiple single interventions
being beneficial in diabetic nephropathy has spawned mul-
tiple further questions. Should all patients have all inter-
ventions? Will all the variably effective individual
interventions be synergistic if used concomitantly? This
guideline evaluates the evidence for multiple-intervention
strategies in the progression of diabetic nephropathy.

SEARCH STRATEGY

Databases searched: The Cochrane Renal Group Special-
ised Register was searched for randomised controlled trials
relating to the prevention of progression of kidney disease in
people with diabetes mellitus Type 1 and Type 2. Specific
interventions included antihypertensive therapies, ACE
inhibitors, AII receptor antagonists, calcium channel block-
ers, dietary protein restriction and glucose control, and
interventions to control hypercholesterolemia and
hyperlipidemia.
Date of search: 16 December 2003.

WHAT IS THE EVIDENCE?

Combined therapy targeting multiple risk factors in diabetic
nephropathy has been tested in two studies.

Type 1 diabetes

In an open longitudinal study of 14 Type 1 diabetics, Manto
et al1 intensively treated all patients with multiple daily
insulin injections, angiotensin-converting enzyme inhibitor

(ACEI) antihypertensive treatment to BP 120/75 mmHg,
and an 0.8 g/kg/day protein diet. They achieved a rise in
glomerular filtration rate (GFR) and decrease in albumin-
uria over the 3-year study.

Type 2 diabetes

Gaede et al2 randomised 160 microalbuminuric Type 2 dia-
betics to standard care (treated in accordance with national
guidelines for Type 2 diabetes) or to stepwise ‘intensive’ treat-
ment comprising low-fat diet and exercise, smoking cessation
if needed, ACEI (or ARB) independent of BP, Vitamins C,
E, and folate, low-dose aspirin, and stepwise pharmacological
therapy to reduce glucose levels (aim HbA1c < 7.0%), BP
(aim < 140/85 mmHg) and lipid levels (aim cholesterol
< 5 mmol/L), with follow up of 3.8 years. In this unblinded
trial, the intensive treatment group had lower risk of pro-
gression to proteinuria (11% vs. 25% RRR 56%, 95%CI: 9–
79, P = 0.01).

The 7.8 years follow-up of this (Steno 2) study was
reported by Pedersen and Gæde.3 There was no difference in
weight gain between groups during follow up and no major
side-effects. The primary endpoint was a composite mac-
rovascular outcome of death from cardiovascular causes,
non-fatal myocardial infarction, coronary artery bypass graft-
ing, percutaneous coronary intervention, non-fatal stroke,
amputation for ischemia, or vascular surgery for peripheral
arterial atherosclerosis. A total of 44% of patients in the con-
ventional group had a cardiovascular event compared with
24% in the intensive group, hazard ratio 0.47. The secondary
endpoints of progression to overt proteinuria (HR 0.39), ret-
inopathy (HR 0.42), and autonomic neuropathy (HR 0.37)
were also diminished in the intensively-treated group.

SUMMARY OF THE EVIDENCE

Evidence is sparse, but the effect seems clinically significant.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: Multiple
interventions are required to slow progression of kidney dis-
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ease and reduce the risk of cardiovascular disease (CVD)
events in diabetic kidney disease. Generally, the approach
requires at least 3 antihypertensive agents, intensive insulin
therapy in Type 1 diabetes, two drugs for glucose control in
Type 2, at least 1 lipid-lowering agent, and emphasis on
lifestyle modification including diet and exercise.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines:

The American and Canadian Diabetes Associations:
recommend aspirin (enteric coated, 81–325 mg/day) for pri-
mary cardiovascular prevention in all diabetics > 30 years,
especially if another risk factor is present, and also for sec-
ondary prevention in all diabetics with evidence of large
vessel disease.

The American Diabetes Association Position State-
ment (2004): recommends aspirin (75–162 mg/day) for:
1) primary cardiovascular prevention in all diabetics with
increased cardiovascular risk, including age > 40 or presence
of another risk factor (A for Type 2, C for Type 1).
2) secondary cardiovascular prevention in diabetics with a
history of myocardial infarction, vascular bypass procedure,
stroke or transient ischemic attack, peripheral vascular dis-
ease, claudication, and/or angina. (A)
Avoid < 21 years old due to risk of Reye’s syndrome. People
under the age of 30 have not been studied. Other antiplate-
let agents, e.g. clopidogrel may be a reasonable alternative
for patients with high risk. (E)

American Association of Clinical Endocrinology
(2000): Low dose aspirin > 30 mg/day recommended in all
diabetics for primary and secondary prevention.

Canadian Diabetes Association: People with Type 1 or
2 diabetes should be encouraged to adopt a healthy lifestyle

to lower their risk of CVD. This entails healthy eating
habits, achieving and maintaining a healthy weight, regular
physical activity, and stopping smoking (Grade D,
consensus).

Scottish Intercollegiate Guideline Network (2001):
Use aspirin 75 mg/day as primary cardiovascular prevention
in all diabetics with well-controlled hypertension when 10-
year risk of major cardiovascular event > 20%.

IMPLEMENTATION AND AUDIT

K-DOQI (2004): The number of medications is one
obstacle to adherence – need to consider the cost, side-
effects and convenience.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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APPENDICES

Table 1 Characteristics of included studies

Table 2 Quality of randomised trials

Study ID
(author, year) N Study design Setting Participants

Intervention
(experimental

group)

Intervention
(control
group) 

Follow up
(years) Comments

Gaede et al,
1999

160 Randomised
controlled
clinical 
trial

Renal
clinic

160 patients with
microalbuminuria

Intensive 
treatment

Standard 
treatment

3.8

Study ID
(author, year)

Method of
allocation

concealment

Blinding

Intention-to-treat
analysis

Loss to 
follow up (%)(participants) (investigators)

(outcome
assessors)

Gaede et al, 1999 Not specified No No Yes No 6.9
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Table 3 Results for dichotomous outcomes

Table 4 Results for continuous outcomes

Study ID
(author, year) Outcomes

Intervention
group (number

of patients
with events/
number of
patients
exposed)

Control
group

(number of
patients

with
events/

number of
patients

not
exposed)

Relative risk (RR)
[95% CI]

Risk difference (RD)
[95% CI]

Gaede et al, 
1999;

Pedersen & 
Gaede, 2003

CV mortality 3/77 2/78 1.52 (95%CI: 0.26, 8.84) 0.01 (95%CI: −0.04, 0.07)
Non-fatal 

myocardial
infarction

4/77 4/78 1.01 (95%CI: 0.26, 3.91) 0.00 (95%CI: −0.07, 0.07)

Non-fatal stroke 1/77 8/78 0.13 (95%CI: 0.02, 0.99) −0.09 (95%CI: −0.16, −0.02)
Cardiovascular

event
18/73 33/76 0.57 (95%CI: 0.35, 0.91) −0.19 (95%CI: −0.364, −0.04)

Study ID
(author, year) Outcomes

Intervention group
(mean [SD])

Control group
(mean [SD])

Difference in means
[95% CI]

Gaede et al, 1999 SBP (mmHg) −8 (18) −4 (17) −4.00 (95%CI: −9.63, 1.63)
DBP (mmHg) −7 (10) −5 (10) −2.00 (95%CI: −5.21, 1.21)
Total cholesterol (mmol/L) −0.6 (0.9) −0.2 (1.3) −0.40 (95%CI: −0.76, −0.04)
LDL cholesterol (mmol/L) −0.4 (0.8) −0.1 (1.4) −0.30 (95%CI: −0.66, 0.06)
HDL cholesterol (mmo/L) 0.02 (0.2) 0.03 (0.2) −0.01 (95%CI: −0.07, 0.05)
Serum creatinine (mmol/L) 13 (21) 11 (17) 2.00 (95%CI: −4.15, 8.15)
GFR (ml/min/1.73 m2) −11 (20) −13 (15) 2.00 (95%CI: −3.69, 7.69)
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Analgesic-associated kidney disease
Date written: July 2005
Final submission: September 2005
Author: Merlin Thomas

GUIDELINES

a. Analgesic intake should be discontinued in patients with analgesic nephropathy. (Level II-III evidence)
b. Non-selective COX-1 and COX-2 inhibitors (with the specific exception of low dose aspirin) should be avoided,

where possible, in patients with hypertension, as their use is associated with loss of BP control and reduction in efficacy
of antihypertensive drug therapy. (Level I evidence)

c. Analgesic and anti-inflammatory therapy form an important component of the management of a variety of chronic
degenerative diseases. (Level I evidence) The beneficial effects of these agents should be balanced against the risk of
progressive renal damage and hypertension associated with their chronic and habitual use.

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV evidence)
• Continued analgesic intake is associated with an
increased faster rate of decline of renal function and
increased risk of end-stage kidney disease (ESKD) in
patients with analgesic nephropathy. (Level II-III evi-
dence; large prospective cohort studies; clinically relevant
outcomes; consistent strong effects)
• Cessation of analgesic use has been associated with
retardation of kidney failure progression. (Level II-III
evidence; several retrospective cohort studies; clinically
relevant outcomes; variable effects)
• The use of non-selective COX-1 and COX-2 inhibitors
is associated with loss of BP control and reduction in effi-
cacy of antihypertensive drug therapy. (Level I-II evi-
dence; large meta-analyses and RCTs, clinically relevant
outcomes; consistent strong effects)

BACKGROUND

Combinations of antipyretic analgesics taken in large
doses over long periods of time are associated with the
development of a slowly progressive kidney disease charac-
terized by papillary necrosis and interstitial scarring. Cur-
rently, at least 6% of patients reaching ESKD in Australia
have analgesic nephropathy.1 The objective of this guide-
line is to evaluate the available clinical evidence pertain-
ing to the impact of interventions on renal functional
decline in analgesic nephropathy (AN). This guideline
does not address the known associations between AN and
malignancy, peptic ulcer disease and cardiovascular dis-
ease that may be positively influenced by habitual
analgesic use.

SEARCH STRATEGY

Databases searched: The search for MeSH terms and text
words for analgesic nephropathy was carried out in Medline
(1966 to September Week 2, 2004).
Date of search: 17 September 2004.

WHAT IS THE EVIDENCE?

Habitual analgesic use has been associated with renal
impairment and progression to ESKD in a number of large
prospective cohort studies:

• 200 patients with active analgesic abuse were followed
for 7 years and the rate of decline in renal function com-
pared to age-matched controls. Renal function decline was
significantly greater in patients with ongoing analgesic
abuse, including a 6.1 times relative risk of renal impairment
compared to the control population.2

• In a large prospective, longitudinal, epidemiological
study of 623 healthy women 30–49 years old who had evi-
dence of a regular intake of phenacetin and a matched con-
trol group of 621 women, the relative risk for deaths due to
urological or kidney disease was 16.1 (95%CI: 3.9–66.1).3

There are no randomised controlled trials (RCTs) in
AN.

Australia and New Zealand Dialysis Registry data shows
a progressive decline in AN as a cause of ESKD after the
withdrawal of phenacetin from compound analgesics in
Australia.4

In prospective, observational, cohort studies, continued
use of analgesics has been associated with an accelerated
rate of progression of renal insufficiency in AN.5,6
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In retrospective, cohort studies, patients with analgesic
nephropathy who discontinued using analgesics were less
likely to develop ESKD, than those who continued their
consumption of analgesics.7,8 Cessation of analgesic intake
may also slow the rate of loss of renal function, even when
renal insufficiency is well advanced.4

Recent case-control studies have raised the possibility
that habitual analgesic use could increase the likelihood or
rate of progression of chronic kidney disease (CKD) per se. In
the study by Sandler et al.,9 the odds ratios for the develop-
ment of CKD was highest for patients with interstitial
nephritis and renal insufficiency of unknown cause who
habitually used analgesics. However, there was a borderline
increase in the odds ratios for patients with a diagnosis of
nephrosclerosis, diabetic nephropathy, and glomerulone-
phritis. Similarly, Perneger et al10 found the increased risk of
CKD was similar in the four groups of patients with renal dis-
ease due to diabetic nephropathy, hypertension, other spe-
cific causes, and unknown causes. However, there is currently
insufficient evidence for a causal association between habit-
ual use of analgesic and an increased risk of ESKD.

Regular use of analgesic drugs containing phenacetin is
associated with an increased risk of hypertension (a known
risk factor for progressive nephropathy).

• In a large prospective, longitudinal epidemiological
study of 623 healthy women 30–49 years old who had evi-
dence of a regular intake of phenacetin and a matched con-
trol group of 621 women, the odds ratio for the incidence of
hypertension was 1.6 (95%CI: 1.2–2.1).3 Some of this
reflects the increased risk of cardiovascular disease and kid-
ney disease.

Similarly, regular use of non-selective COX-1 and COX-
2 inhibitors is associated with an increased risk of hyperten-
sion and destabilization of blood pressure control in patients
with hypertension.

• Two separate meta-analyses that examine the effects
of non-selective COX-1 inhibitors including over-the-
counter preparations such as naproxen, indomethacin, and
ibuprofen implicate them as contributing to loss of BP
control and reduction in efficacy of antihypertensive drug
therapy.11,12

• COX-2 inhibitors have also been associated with
destabilization of blood pressure control in RCTs.13

It should be noted that chronic low-dose aspirin has not
been associated with detrimental effects on blood pressure
control.11,14,15

SUMMARY OF THE EVIDENCE

Therapy with non-selective COX-1 and COX-2 inhibi-
tors is associated with loss of BP control and reduction in
efficacy of antihypertensive drug therapy in some patients.
As blood pressure control is a key component part of the
management of patients with CKD, it is recommended
that these agents should be avoided, where possible, in
patients with CKD. This recommendation does not apply
to low dose aspirin, which has neutral effects on BP
control, together with beneficial effects on cardiovascular
outcomes.

Analgesic intake should be discontinued in patients with
analgesic nephropathy, as early as possible, to have the
greatest likelihood of slowing the progressive kidney scar-
ring associated with habitual analgesic use.

Analgesic and anti-inflammatory therapy form an impor-
tant component part of the management of a variety of
chronic degenerative diseases. The beneficial effects of
these agents should be balanced against the risk of progres-
sive kidney damage and hypertension associated with their
chronic and habitual use.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: Attempts
should be made to prevent and correct acute decline in
GFR. Frequent causes of acute decline in GFR include non-
steroidal anti-inflammatory agents, including cyclo-oxygen-
ase type 2 inhibitors.16

UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines:
Analgesic-Associated Kidney Disease. NIH Consensus
Statement 1984:8

The main strategies of management must include:
1 Avoidance of antipyretic-analgesic agents, as well as non-
steroidal anti-inflammatory drugs.
2 Prompt treatment of proven urinary tract infections.
3 Awareness that a necrotic papilla may slough and
obstruct the urinary tract, sometimes requiring prompt
intervention to prevent further loss of renal function.
4 Careful supervision of hypertension.
5 Recognition that tumours of the urinary tract may occur
more frequently in patients with analgesic nephropathy.
Unexplained episodes of haematuria, including a marked
increase in microscopic haematuria, should therefore be
evaluated carefully.
6 Consideration of the non-renal manifestations of the
analgesic abuse syndrome.
Ad Hoc Committee of the International Study Group on
Analgesics and Nephropathy:17

1 There is insufficient evidence to associate non-phenace-
tin combined analgesics with nephropathy.
2 New studies should be done to provide appropriate data
to resolve the question.
US Food and Drug Administration (FDA): Analgesic
combination containing paracetamol, aspirin, and caffeine
is safe and effective for the use in uncomplicated migraine.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

The recent reintroduction of compound analgesics contain-
ing paracetamol and caffeine as OTC medications in New
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Zealand and Asia (but not Australia) should be closely
monitored by renal physicians.
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GUIDELINES

a. Correction of renal artery stenosis (RAS), either by re-vascularization surgery or percutaneous methods, has been
shown to be effective in treating hypertension associated with renal artery stenosis. (Level II evidence)

b. Balloon angioplasty has not been shown to be superior to medical management for preserving renal function in
patients with renal artery stenosis. (Level I evidence)

c. Balloon angioplasty has not been shown to be superior to angioplasty with stenting for preserving renal function
in patients with renal artery stenosis. (Level II evidence – multiple studies)

d. Balloon angioplasty has not been shown to be superior to surgical management in experienced centres for pre-
serving renal function in patients with renal artery stenosis. (Level II evidence – one RCT)

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV evidence)
• In the absence of trials showing benefit from revascu-
larization over conventional therapy and the significant
risk of complications it seems reasonable to restrict pro-
cedures to patients who fail medical therapy with resistant
or poorly-controlled hypertension; recurrent flash pulmo-
nary oedema; dialysis-dependent kidney failure resulting
from renal artery stenosis; chronic renal insufficiency and
bilateral renal artery stenosis; or renal artery stenosis to a
solitary functioning kidney.
• In the absence of significant differences in long-term
outcome measures, given the rates of restenosis following
simple balloon angioplasty and the complications and
costs of surgical intervention, it would seem reasonable to
consider angioplasty with stenting as the revascularization
procedure of choice for medically recalcitrant renal artery
stenosis. (Level IV evidence)
• The above clinical guidelines refer to patients with sig-
nificant de novo renal artery stenosis (generally more than
50–80% reduction in luminal diameter). There have been
no studies in patients identified with lesser degrees of
stenosis. It seems reasonable to offer medical therapy in
these individuals, given the natural history of progressive
stenosis in atherosclerotic renal disease.

BACKGROUND

RAS is an important cause of renal insufficiency, having an
estimated prevalence of 10% to 15% among patients
approaching end-stage kidney disease (ESKD).1 Stenosis of
the extra-parenchymal renal arteries caused by atheroscle-
rotic lesions may lead to progressive renal ischaemia and
the development of an ‘ischaemic atrophic nephropathy’,
chronic renal insufficiency and loss of renal mass. Fifty per
cent of patients with RAS have some degree of renal excre-
tory function impairment, and nearly one third have only a

single functioning kidney.2 The objective of this guideline is
to evaluate the available clinical evidence pertaining to the
impact of interventions on renal functional decline in
patients with RAS. This guideline does not address the
potential utility of these interventions in reducing cardio-
vascular risk.

SEARCH STRATEGY

Databases searched: MeSH terms and text words for renal
artery stenosis were searched for in Medline (1966 to Sep-
tember Week 2, 2004). The Cochrane Renal Group Trials
Register was also searched for trials not indexed in Medline.
Date of searches: 17 September 2004.

WHAT IS THE EVIDENCE?

Correction of RAS, either by re-vascularization surgery or
percutaneous methods, has been shown to be effective in
treating hypertension. Some uncontrolled studies report
either a cure or improvement of hypertension of between
59% to 78% of patients,3 although blood pressure (BP)
improvements may have been overestimated in some of
these studies due to optimization of drug treatment in inter-
ventional arms.4 While improvements may be achieved
with re-vascularization, it is sometimes at the expense of
serious complications, including mortality. The extent to
which any intervention delays the progression to ESKD
independent of BP control has not been clearly established.
Moreover, accurate interpretation of renal function out-
comes in many of these studies is difficult, given the short
duration of many of these trials.

A. Balloon angioplasty

There have been three randomised controlled trials (RCTs)
comparing balloon angioplasty with medical therapy in
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hypertensive patients with significant RAS (greater than
50% reduction in luminal diameter) involving 210 patients.
• In the DRASTIC study,5 106 patients with hypertension,
significant atherosclerotic RAS and a serum creatinine con-
centration less than 200 µmol/L were randomly assigned to
undergo percutaneous transluminal renal angioplasty or to
receive antihypertensive drug therapy, followed by balloon
angioplasty (if needed) at 3 months. Overall BPs and renal
function were similar in the two groups at 3 and 12 months,
although angioplasty reduced the need for 1 additional daily
antihypertensive agent. However, after subgroup analysis, it
was found that in patients with bilateral stenoses, the crea-
tinine clearance (Ccr) improved in the angioplasty group,
but fell in patients assigned to the delayed intervention
group.
• A Scottish group reported a prospective randomised trial
of percutaneous angioplasty vs. medical therapy in patients
with bilateral or unilateral atherosclerotic RAS and sus-
tained hypertension.6 In the bilateral group (n = 28), the
drop in systolic pressure was significantly larger following
angioplasty than following medical therapy, but diastolic
pressure and creatinine after 24 months was not different
with either intervention. In the unilateral group (n = 27),
there was no difference in serum creatinine or BP control
between angioplasty or medical therapy.
• In the EMMA study,7 hypertensive patients were ran-
domly assigned antihypertensive drug treatment (n = 26) or
angioplasty (n = 23). They also found that BP at 6 months
did not differ between control (141 ± 15/84 ± 11 mmHg)
and angioplasty (140 ± 15/81 ± 9 mmHg) groups. Angio-
plasty reduced the requirement for antihypertensive therapy
at the cost of some procedural morbidity.
• A meta-analysis of these studies determined that there was
a consistent but statistically non-significant trend towards
lower blood pressure in the balloon angioplasty group. In
addition, there were no differences in renal function. How-
ever, patients treated with balloon angioplasty required fewer
antihypertensive drugs in 2 of 3 trials. In addition, there were
significantly fewer cardiovascular and renovascular compli-
cations in patients treated with angioplasty (OR 0.32,
95%CI: 0.15–0.70, test for heterogeneity P > 0.1).

Despite achieving changes in arterial patency, none of
these studies has shown significant advantage in slowing of
renal progression through renal angioplasty over and above
conventional medical therapy. Interpretation is limited by
the fact that each of these studies has focused on patients
with hypertension rather than those with documented pro-
gressive renal impairment.

B. Renal artery stenting

Some studies have suggested that angioplasty followed by
intravascular stenting is a better technique than angioplasty
alone to achieve vessel patency, particularly in ostial ath-
erosclerotic renal-artery stenosis.8 It has also been suggested
that hypertension is better controlled, re-stenosis is mini-
mized and athero-embolic injury limited with stenting com-
pared with conventional balloon angioplasty.9 There have

been 5 uncontrolled prospective studies on the effect of
renal stenting on progression of kidney disease.
• Watson et al10 prospectively studied the effect of renal
artery stenting on renal function and size in 33 patients with
chronic renal insufficiency and bilateral renal artery stenosis
or unilateral stenosis in the presence of a solitary or single
functional kidney. Before stent deployment, all patients
had evidence of progressive renal insufficiency. After stent
deployment, renal function improved in 18 and slowed in 7
patients. Ultrasonography revealed preservation of kidney
size.
• Harden et al11 studied 33 patients with atherosclerotic
RAS undergoing renal stenting. Renal function improved
or stabilized in 69% of patients.
• Rundback et al12 evaluated the effect of renal artery
stenting in 45 patients with renal impairment (creatinine
≥ 1.5 mg/dL) and atheromatous renal artery stenosis
untreatable by, or recurrent after, balloon angioplasty. Stent
implantation was unilateral in 32 cases and bilateral in 11
cases. With use of life-table analysis, clinical benefit was
seen in 78% of patients at 6 months (n = 36) and 72% at
1 year (n = 24). In patients with clinical benefit, average
creatinine concentration was reduced from 2.21 mg/
dL ± 0.91 before treatment to 2.05 mg/dL ± 1.05 after treat-
ment. Lower initial serum creatinine concentration was
associated with a better chance of clinical benefit.
• Shannon et al13 described the use of renal artery stents in
the solitary functioning kidney of 21 patients with impaired
renal function as a result of atherosclerotic RAS. At follow-
up (range, 6–25 months), renal function had returned to
normal in five patients (24%), improved in four patients
(19%), stabilized in six patients (29%), and deteriorated in
six patients (29%). Dialysis was discontinued in all four
dialysis patients.
• Bucek et al14 prospectively followed 40 patients who had
undergone successful stenting of a main renal artery. All
patients still suffered from arterial hypertension but com-
pared with the preinterventional situation, arterial hyper-
tension was improved in 37.5%. Serum creatinine was
increased in 25% of patients, mean creatinine level was
1.3 ± 0.4 mg/dL.
• Dorros et al15 followed 544 patients who underwent 714
successful RAS stent revascularizations. The mean serum
creatinine was unchanged at 4 years (1.6 ± 1.0 mg/dL vs.
1.6 ± 0.9 mg/dL) when compared with baseline values.
• At this time, there are no controlled studies comparing
renal arterial stenting with medical therapy alone.

Leertouwer et al16 performed a meta-analysis of renal
arterial stent placement in comparison with renal angio-
plasty in patients with renal arterial stenosis, including stud-
ies published up to August 1998. The cure rate for
hypertension was higher after stent placement than after
renal angioplasty but probability of improvement in renal
function following intervention was lower after stenting
compared to conventional angioplasty (20% vs. 10% and
30% vs. 38%, respectively; P < 0.001). This may be because
the stent studies included more patients with impaired renal
function instead of hypertension, which may affect the clin-
ical outcome in terms of renal function. In addition, many
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of these studies used an isolated serum creatinine concen-
tration as a measure of renal impairment, which is an impre-
cise measure of renal progression.

Since this meta-analysis, there have been two additional
studies.16

Van de Ven et al17 undertook a randomised prospective
study to compare angioplasty (n = 43) to angioplasty with
stenting (n = 42) in patients with ostial atherosclerotic
renal-artery stenosis. At 6 months, the primary patency rate
was 29% (12 patients) for angioplasty alone, and 75% (30
patients) for angioplasty with stenting. However, the pro-
portion of patients with cured or improved hypertension
was not different between the two groups.

Current large clinical trials including ASTRAL and
CORAL will also specifically address the issue of whether
renal arterial revascularization with balloon angioplasty
and/or endovascular stenting can safely prevent progressive
renal failure among a wide range of patients with RAS.

C. Surgical intervention for RAS

Some researchers have suggested that surgical interventions
may produce better outcomes than angioplasty or stenting.
Certainly, some patients have improved renal function fol-
lowing surgery in centres of expertise. However, results of
surgery may be highly variable between centres. Moreover,
significant comorbid vascular disease with atherosclerotic
RAS means that major surgery can only be considered in
selected individuals.

In one study, arterial reconstruction was shown to be
superior to surgical nephrectomy in preserving renal
function in patients with unilateral RAS and severe
hypertension.18

There are no randomised studies comparing the renal
outcomes of surgical re-vascularization to conservative
(medical) therapy.

There is one randomised study comparing surgical cor-
rection of RAS to angioplasty.

In this study, Weibull et al19 compared surgery and per-
cutaneous angioplasty in 58 patients with unilateral athero-
sclerotic RAS with severe hypertension, who did not have
diabetes. Hypertension was said to be cured or improved
after additional treatment in 90% of the patients after
angioplasty and 86% after operation. Renal function was
improved or unchanged in 83% of the patients after angio-
plasty and 72% after surgery. Although 17% of the patients
initially treated with angioplasty required subsequent sur-
gery, BP, renal function and renal artery patency rate did not
differ between angioplasty and surgery arms 24 months after
treatment. Critics of this study have argued that surgical
patency may produce better outcomes in the long term (5–
10 years) although this remains to be reproduced in other
studies and probably depends on surgical expertise.

D. Type of medical therapy

Medical therapies in the above-mentioned trials have
focused on the use of agents to control BP without specify-

ing agents of a particular class. The drugs that are most
effective in medical management of renovascular
hypertension–angiotensin-converting enzyme inhibitors
and angiotensin receptor-1 blockers – have tended to be
avoided because of potential risk of acute renal failure in
patients with bilateral renal artery stenosis or unilateral
stenosis in a single functioning kidney.

Only one trial exists of angiotensin-converting enzyme
inhibition vs. alternative medical therapy.20

SUMMARY OF THE EVIDENCE

Correction of RAS, either by re-vascularization surgery or
percutaneous methods, including stenting, has been shown
to be effective in treating hypertension associated with
RAS. While hypertension is a key component of progressive
nephropathy in these patients, none of these interventions
appear to be significantly superior to medical management
of hypertension and other risk factors, for preserving renal
function in patients with RAS. Consequently, it seems
reasonable to consider procedures to correct RAS in
patients who fail medical therapy with resistant or poorly-
controlled hypertension; recurrent flash pulmonary oedema;
dialysis-dependent renal failure resulting from RAS;
chronic renal insufficiency and bilateral RAS; or RAS to a
solitary functioning kidney.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No
recommendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Table 3 Results for continuous outcomes

Table 4 Results for dichotomous outcomes
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Study ID 
(author, year) Outcomes

Intervention group 
(mean [SD])

Control group 
(mean [SD])

Difference in means  
[95% CI]

Jaarsveld et al, 2000 Mean SBP at 
12 months (mmHg)

160 (26) 163 (25) −3.00 (95%CI: −12.72, 6.72)

Mean DBP at 
12 months (mmHg)

93 (13) 96 (10) −3.00 (95%CI: −7.39, 1.39)

Study ID 
(author,
year) Outcomes

Intervention
group

(number of
patients with

events/
number

of patients
exposed)

Control
group

(number of
patients

with events/
number of
patients

not
exposed)

Relative risk (RR) 
[95% CI]

Risk difference (RD)  
[95% CI]

Jaarsveld
et al, 2000

Improved BP control
at 12 mo

38/56 18/48 1.81 (95%CI: 1.20, 2.72) 0.30 (95%CI: 0.12, 0.49)

Worsened BP control
at 12 mo

5/56 16/48 0.27 (95%CI: 0.11, 0.68) −0.24 (95%CI: −0.40, −0.09)

Cured hypertension 4/56 0/48 7.74 (95%CI: 0.43, 140.15) 0.07 (95%CI: 0.00, 0.15)
Occlusion of affected

artery
0/56 8/48 0.05 (95%CI: 0.00, 0.85) −0.17 (95%CI: −0.28, −0.06)

Increase of ≥ 50% 
serum Cr

2/56 6/48 0.29 (95%CI: 0.06, 1.35) −0.09 (95%CI: −0.19, 0.02)

van de Van
et al, 1999

Success rate (< 50%
residual stenosis)

24/42 37/43 0.66 (95%CI: 0.50, 0.89) −0.29 (95%CI: −0.47, −0.11)

Patency at 6 mo 12/42 30/43 0.41 (95%CI: 0.24, 0.69) −0.41 (95%CI: −0.61, −0.22)
Death 1/42 0/43 3.07 (95%CI: 0.13, 73.30) 0.02 (95%CI: −0.04, 0.09)
Technical failure 3/42 3/42 1.00 (95%CI: 0.21, 4.67) 0.00 (95%CI: −0.11, 0.11)
Acute restenosis 15/42 2/42 7.50 (95%CI: 1.83, 30.78) 0.31 (95%CI: 0.15, 0.47)
Bleeding 8/42 8/42 1.00 (95%CI: 0.41, 2.42) 0.00 (95%CI: −0.17, 0.17)
Femoral artery 

aneurysm
2/42 3/42 0.67 (95%CI: 0.12, 3.79) −0.02 (95%CI: −0.12, 0.08)

Renal artery injury 2/42 3/42 0.67 (95%CI: 0.12, 3.79) −0.02 (95%CI: −0.12, 0.08)
Cholesterol 

embolism
4/42 4/42 1.00 (95%CI: 0.27, 3.74) 0.00 (95%CI: −0.13, 0.13)

Improved renal 
function

4/41 5/40 0.78 (95%CI: 0.23, 2.70) −0.03 (95%CI: −0.16, 0.11)

Deteriorated renal
function

8/41 9/40 0.87 (95%CI: 0.37, 2.02) −0.03 (95%CI: −0.21, 0.15)

Cured hypertension 2/41 6/40 0.33 (95%CI: 0.07, 1.52) −0.10 (95%CI: −0.23, 0.03)
Improved 

hypertension
18/41 17/40 1.03 (95%CI: 0.63, 1.70) 0.01 (95%CI: −0.20, 0.23)

Failing hypertension 21/41 17/40 1.21 (95%CI: 0.75, 1.92) −0.01 (95%CI: −0.23, 0.20)
Weibull et al,

1993
Technical success 24/29 28/29 0.86 (95%CI: 0.72, 1.03) −0.14 (95%CI: −0.29, 0.01)
Technical failure 5/29 1/29 5.00 (95%CI: 0.62, 40.20) 0.14 (95%CI: −0.01, 0.29)
Patency rate at 24 mo 21/29 27/29 0.78 (95%CI: 0.61, 0.99) −0.21 (95%CI: −0.39, −0.02)
Hypertension cured

or improved
26/29 25/29 1.04 (95%CI: 0.86, 1.26) 0.03 (95%CI: −0.13, 0.20)

Renal function 
improved or 
unchanged

24/29 21/29 1.14 (95%CI: 0.86, 1.51) 0.10 (95%CI: −0.11, 0.32)

Death 1/29 0/29 3.00 (95%CI: 0.13, 70.74) 0.03 (95%CI: −0.06, 0.12)
Major complications 5/29 9/29 0.56 (95%CI: 0.21, 1.46) −0.14 (95%CI: −0.36, 0.08)
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Specific management of IgA nephropathy: role of 
steroid therapy

Date written: July 2005
Final submission: September 2005
Author: Merlin Thomas

GUIDELINES

Steroid therapy may protect against progressive renal damage in patients with IgA nephropathy with persistent pro-
teinuria at risk of progressive renal failure. (Level I evidence – consistent effects)

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on level III and IV evidence)

Who to treat?

Patients with persistent and heavy proteinuria, renal
impairment and/or hypertension at presentation are more
likely to develop progressive renal impairment and seem
to warrant intervention. It should be noted that large
randomised controlled trials (RCTs) have included
only those patients at risk for developing progressive
renal disease and who are likely to respond to therapy
(proteinuria, mild histopathological changes, etc.).

At this time, there is no evidence to suggest patients
with IgA nephropathy and established renal impairment
(< 60 mL/min) benefit from steroid therapy (Level III
evidence). In addition, steroids do not prevent recurrent
disease in transplant patients, and do not prevent progres-
sion in these patients.

Many patients with IgA nephropathy do not progress
to renal impairment and do not require treatment.
Patients with recurrent macroscopic haematuria in asso-
ciation with infection episodes tend to have a more benign
course and can be managed expectantly in the absence of
poor prognostic features. (Level III evidence)

A threshold for treatment?

The threshold for initiating steroid treatment is contro-
versial. Some believe that greater than 1 g/d is a reason-
able threshold for concern, while others would accept
greater than 2 g/d. There is universal consensus that pro-
teinuria greater than 3 g/d is associated with a very high
likelihood of a subsequent progressive decline in renal
function. (Level III evidence, consistent findings)

Histological features such as glomerular sclerosis,
tubulointerstitial atrophy or fibrosis and scarring also
presage a poor outcome. (Level III evidence)

Patients with trivial (< 1.0 g/d) or no proteinuria,
normal renal function, normal or easily-controlled hyper-

tension who have only minor histological changes on
biopsy are at low risk of progression. There is currently
no data supporting the treatment of these patients. (Level
III evidence)

However, even the evaluation of standard prognostic
markers sometimes fails to correctly predict outcome, prob-
ably because of the heterogeneity of the disease and the dis-
continuous activity of some injuring mechanisms during its
course. Even in the absence of specific therapeutic inter-
vention, patients with IgA nephropathy should therefore
continue to be monitored. Patients who subsequently
develop markers of progressive renal disease should then
be considered for intervention. (Level IV evidence)

What dose of steroid? What duration?

Optimal dosing and duration of therapy remain to be
established. The RCTs that have shown benefit from ste-
roid therapy have treated with an initial dose of approxi-
mately 1 mg/kg/day with a gradual tapering over the
duration of treatment.

A reduction in proteinuria after 6 months of treat-
ment, or at the very least no increase in proteinuria during
follow-up appear to presage a more favourable outcome.
(Level III evidence)

Alternate day therapy may limit toxicity. (Level III
evidence)

All the studies that have shown benefit from steroid
therapy have treated for more than 4 months. (Level III
evidence)

There are no studies comparing longer courses to con-
tinuous therapy ad infinitum.

BACKGROUND

IgA nephropathy is the most common glomerular disease in
Australia and New Zealand.1 Although the natural history
of IgA nephropathy is variable, many patients develop pro-
gressive loss of renal function over many years. End-stage
kidney disease (ESKD) is said to develop in 20% of cases
after 10 years and in 30% after 20 years, whereas another
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30% show some decline in renal function.2 In addition to
non-specific renal interventions (control of hypertension,
ACE inhibition, etc.), there is evidence that interventions
to specifically treat IgA nephropathy may also slow the pro-
gression to ESKD. The objective of this guideline is to eval-
uate the available clinical evidence pertaining to the impact
of steroid therapy on renal functional decline in chronic
IgA nephropathy. While proliferative or crescentic IgA
nephropathy also causes renal impairment and ESKD,
these guidelines only refer to chronic progressive IgA
nephropathy.

SEARCH STRATEGY

Databases searched: MeSH terms and text words for IgA
nephropathy were combined with MeSH terms and text
words for steroid therapy. The search was carried out in
Medline (1966 to September Week 2, 2004). The Cochrane
Renal Group Trials Register was also searched for trials not
indexed in Medline.
Date of searches: 17 September 2004.

WHAT IS THE EVIDENCE?

Corticosteroids, given on a daily or alternate day basis, have
been shown to produce remission of proteinuria and slow
the progression to ESKD in adults with IgA nephropathy in
some studies.3

There have been a number of RCTs in which steroids
have been tested against no treatment:
• Lai et al4 studied 34 patients with IgA nephropathy with
mild glomerular histopathological changes and nephrotic
syndrome. Seventeen patients were randomised to receive
daily oral steroids for 4 months and compared with 17 con-
trols who received supportive care alone. Corticosteroid
treatment resulted in a remission of nephrotic syndrome in
80% of patients, but side-effects were experienced in over
40% of patients. Some of these patients may also have had
minimal change in disease on a background of IgA. No sig-
nificant difference in creatinine clearance was demonstrated
between the two groups during the mean study period of
38 months.
• In a longer and larger study by Pozzi et al,5 86 patients
with biopsy-proven IgA nephropathy, urine protein excre-
tion of 1.0–3.5 g daily, and plasma creatinine concentra-
tions of 133 mmol/L or less were randomly assigned either
supportive care or steroid treatment. Treatment consisted of
intravenous methylprednisolone 1 g per day for 3 consecu-
tive days at the beginning of months 1, 3, and 5, plus oral
prednisone 0.5 mg/kg on alternate days for 6 months. Nine
of 43 patients in the steroid group and 14 of 43 in the con-
trol group had a 50% increase in plasma creatinine by year
5 of follow-up (P < 0.048).

In a subsequent follow-up of this study, 10-year renal sur-
vival was significantly better in steroid-treated patients than
in the control group (97% vs. 53%; P = 0.0003). Steroids
also significantly reduced proteinuria and protected against
renal function deterioration.

• Julian and Barker6 prospectively reviewed 18 adults with
moderate disease treated with steroids for 2 years. A
non-statistically significant trend towards improved renal
function was seen in the treated group at 2 years, but no
beneficial effects on proteinuria were observed.
• Kobayashi et al7 reported an uncontrolled retrospective
study of 29 patients with proteinuria over 2 g/day who were
given daily prednisone for 12–36 months. Steroids stabilized
kidney function in the subgroup with preserved initial cre-
atinine clearance (> 70 mL/min). They later published a
prospective controlled study in which a subgroup of the
original study was compared with an untreated group. After
long-term follow-up of 10 years or more, patients in this
study with initially well-preserved renal function (creati-
nine clearance > 70 mL/min) tended to have stable renal
function or progressed more slowly when treated with glu-
cocorticoids, whereas untreated patients continued to
progress. However, patients with initial impaired renal func-
tion (creatinine clearance < 70 mL/min) did poorly with or
without glucocorticoid therapy.
• Welch et al8 followed 20 children and adolescents with
IgA nephropathy. Each received 12 weeks of prednisolone
therapy and 12 weeks of placebo dosing. At the end of the
short study period, there was no evidence that corticosteroid
therapy was effective in reducing proteinuria or preserving
renal function.
• Katafuchi et al.9 conducted a prospective RCT of low-
dose prednisolone therapy in 90 patients with IgA nephro-
pathy. Although baseline proteinuria was significantly
greater in the steroid group than in controls, steroids
resulted in a greater reduction in albumin creatinine ratio
compared to untreated controls (steroid group, –0.84 ±
1.78; controls, 0.26 ± 1.65; P = 0.0034). However, kidney
survival was similar in both groups possibly because this
study was too short to see differences in this outcome and
insufficient doses of prednisolone were given.

There have been two meta-analyses:
• Schena et al10 analysed eight small RCTs prior to 1990
involving 196 patients with IgA nephropathy and moderate
to heavy proteinuria. Only those patients with heavy
proteinuria (>3 g/d), whether or not associated with the
nephrotic syndrome appeared to benefit from therapy. In
contrast, no beneficial effect was observed in IgA nephro-
pathy patients with moderate proteinuria (1–2 g/d).
• In the most recent meta-analysis,11 there was a lower risk
of reaching ESKD in the steroid-treated group compared
with the no treatment or placebo group (six trials, 341
patients: RR 0.44, 95%CI: 0.25–0.80). Although this anal-
ysis was dominated by the Kobayashi7 study, there was no
significant heterogeneity between these trials.

Steroids vs. antiplatelet therapy
• Shoji et al12 studied 21 adults with diffuse IgA nephro-
pathy with proteinuria less than 1.5 g/d of protein, and
serum creatinine level less than 1.5 mg/dL. Patients were
randomly assigned to the corticosteroid or antiplatelet
group. After 1 year of treatment, proteinuria was signifi-
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cantly decreased in the corticosteroid group, associated with
improved histological findings on repeat biopsy.

Chronic IgA nephropathy in children

In contrast to adult nephropathy, there have only been a few
small RCTs with chronic IgA nephropathy in children, each
reporting variable success with steroids. Many of these stud-
ies have included patients with crescentic nephropathy,
which is not specifically considered here and is certainly
steroid-responsive in some cases. In addition, children with
IgA nephropathy and pathological changes of minimal
change disease (with diffuse foot process fusion and neph-
rotic range proteinuria) readily respond to steroid therapy,
in the manner of patients with minimal change alone.
• Waldo et al.13 reported their experience in non-ran-
domised concurrent cohort comparison, of alternate-morn-
ing dose of prednisone for 2–4 years compared to historical
control (untreated). The treated patients had a significant
improvement in urinalysis (P < 0.00001) and preservation
of normal glomerular filtration rate (GFR) (P = 0.03).
• Welch et al8 followed 20 children and adolescents with
IgA nephropathy. Each received 12 weeks of prednisolone
therapy and 12 weeks of placebo dosing. At the end of the
short study period, there was no evidence that corticosteroid
therapy was effective in reducing proteinuria or preserving
renal function.

SUMMARY OF THE EVIDENCE

The use of glucocorticoids for high-risk patients with IgA
nephropathy is associated with a slower rate of progression
to ESKD, lower risk of doubling of serum creatinine and a
significant reduction in urinary protein excretion. GFR is
also better preserved with steroids compared with placebo/
other treatment.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No recom-
mendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: Patients with proteinuria
over 3 g/day, mild glomerular changes only, and preserved
renal function (creatinine clearance over 70 mL/min)
should be treated with steroids.
European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Table 3 Results for continuous outcomes

Table 4 Results for dichotomous outcomes

Study ID 
(author, year) Outcomes

Intervention group
(mean [SD])

Control group
(mean [SD])

Difference in means  
[95% CI]

Julian et al, 1993 Urinary protein 
excretion (g/24) at 
end of treatment

1.30 (1.24) 1.80 (2.97) −0.50 (95%CI: −1.99, 0.99)

Serum creatinine 
(µmol/L) at 
end of treatment

95.00 (11.00) 157.00 (41.00) −62.00 (95%CI: −82.14, −41.86)

Kobayashi et al, 1996 Urinary protein 
excretion (g/24) at 
end of treatment

0.80 (0.50) 1.50 (1.30) −0.70 (95%CI: −1.25, −0.15)

GFR (any measure) at
end of treatment

54.00 (35.00) 20.00 (29.00) 34.00 (95%CI: 15.04,  52.96)

Lai et al, 1986 Urinary protein 
excretion (g/24) at 
end of treatment

2.30 (2.20) 3.30 (2.10) −1.00 (95%CI: −2.45, 0.45)

Serum creatinine 
(µmol/L) at 
end of treatment

126.90 (77.70) 130.70 (55.00) −3.80 (95%CI: −49.05, 41.45)

GFR (any measure) at
end of treatment

74.10 (24.10) 64.60 (20.90) 9.50 (95%CI: −5.66, 24.66)

Pozzi et al, 1999 Urinary protein 
excretion (g/24) at 
end of treatment

0.70 (0.53) 1.80 (2.30) −1.10 (95%CI: −2.14, −0.06)

Serum creatinine 
(µmol/L) at 
end of treatment

105.60 (45.76) 154.00 (55.44) −48.40 (95%CI: −80.24, −16.56)

GFR (any measure) 
at end of treatment

95.60 (28.20) 71.60 (21.70) 24.00 (95%CI: 8.15,  9.85)

Study ID 
(author, year) Outcomes

Intervention
group 

(number of
patients

with events/
number of 
patients
exposed)

Control
group 

(number of
patients

with 
events/

number of
patients

not 
exposed)

Relative risk (RR) 
[95% CI]

Risk difference (RD)  
[95% CI]

Julian et al, 
1993

ESRD 1/18 2/17 0.47 (95%CI: 0.05, 4.74) −0.06 (95%CI: −0.25, 0.12)
Doubling of 

serum creatinine
1/18 2/17 0.47 (95%CI: 0.05, 4.74) −0.06 (95%CI: −0.25, 0.12)

Kobayashi et al,
1996

ESRD 7/28 31/49 0.40 (95%CI: 0.20, 0.78) −0.24 (95%CI: −0.51, 0.02)
Doubling of 

serum creatinine
7/28 31/49 0.40 (95%CI: 0.20, 0.78) −0.24 (95%CI: −0.51, 0.02)

Lai et al, 1986 ESRD 0/17 0/17 Not estimable 0.00 (95%CI: −0.11, 0.11)
Doubling of 

serum creatinine
0/17 0/17 Not estimable 0.00 (95%CI: −0.11, 0.11)

Remission of 
proteinuria

7/17 0/17 15.00 (95%CI: 0.92, 243.52) 0.41 (95%CI: 0.17, 0.65)

Pozzi et al, 1999 ESRD 0/43 3/43 0.14 (95%CI: 0.01, 2.68) −0.07 (95%CI: −0.16, 0.02)
Doubling of 

serum creatinine
10/43 23/43 0.43 (95%CI: 0.24, 0.80) −0.30 (95%CI: −0.50, −0.11)
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Specific management of IgA nephropathy: role of fish oil
Date written: July 2005
Final submission: September 2005
Author: Merlin Thomas

GUIDELINES

Early and prolonged treatment with fish oil may retard the rate of decline in renal function in adults with progressive
IgA nephropathy. (Level I evidence – conflicting) 

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on level III and IV evidence)
• There is currently insufficient data to confirm the
efficacy of fish oil supplementation in adults with IgA
nephropathy.
• However, in patients at risk for progressive renal
impairment, some patients will wish to consider fish oil
supplements in addition to other relevant supportive strat-
egies. Although the risk of side-effects is low, possible
marginal benefits should be weighted against the costs of
compliance.
• Optimal dosing also remains to be established but most
studies have used 1.8 g of EPA and 1.2 g of DHA daily
(∼∼∼∼12 g of fish oil per day) for at least 2 years. (Level III
evidence – one small study, weak effect)
• Ongoing therapy ad infinitum may provide greater ben-
efits than intermittent therapy. In the Mayo study,1

patients who continued taking fish oil were less likely to
reach end-stage kidney disease (ESKD) or increase their
creatinine by 50% than those who had discontinued fish
oil treatment. (Level III evidence – one small study, weak
effect)
• No data have been published on the utility of fish oil
supplements in children.

BACKGROUND

IgA nephropathy is the most common glomerular disease in
Australia and New Zealand. Although the natural history of
IgA nephropathy is variable, many patients develop pro-
gressive loss of renal function over many years. ESKD is said
to develop in 20% of patients after 10 years and in 30% after
20 years, whereas another 30% show some decline in renal
function.2 In addition to non-specific renal interventions
(control of hypertension, ACE inhibition, etc.) there is evi-
dence that interventions to specifically treat IgA nephrop-
athy may also slow the progression to ESKD.

Deficiencies of essential fatty acids have been detected in
IgA nephropathy. Fish oil is rich in long-chain omega-3-
polyunsaturated fatty acids, eicosapentanoic acid, and
docosahexanoic acid. Repletion of n-3 fatty acids is thought

to lead to the production of less potent prostaglandins and
leukotrienes than those produced through the n-6 fatty acid
substrate, arachidonic acid.3 N-3 fatty acids can also sup-
press inflammatory and/or immunological responses through
eicosanoid-independent mechanisms. The objective of this
guideline is to evaluate the available clinical evidence per-
taining to the impact of fish oil supplementation on renal
functional decline in IgA nephropathy.

SEARCH STRATEGY

Databases searched: MeSH terms and text words for IgA
nephropathy were combined with MeSH terms and text
words for fish oil. This search was carried out in Medline
(1966 to September Week 2, 2004). The Cochrane Renal
Group Trials Register was also searched for trials not
indexed in Medline.
Date of searches: 17 September 2004.

WHAT IS THE EVIDENCE?

Three prospective randomised controlled trials (RCTs)
have been published:
• Pettersson et al4 reported a short-term prospective,
randomised study in 32 patients with non-nephrotic
proteinuria and normal- to moderately-impaired renal
function. Fifteen patients were assigned to fish oil with a
high percentage of [omega]-3-polyunsaturated fatty acids
and 17 to corn oil. By 6 months, fish oil administration
resulted in a slight but significant reduction in creatinine
clearance (63–59 mL/min), whereas no change occurred in
the control group. The proteinuria remained unchanged.
• Bennett et al5 published a 2-year prospective trial in 37
patients with normal- to severely-impaired renal function,
randomly allocated to receive either fish oil or supportive
treatment for 2 years. At the end of the trial, the glomerular
filtration rate (GFR) in 17 treated patients declined from 80
to 57 mL/min, and in 20 untreated patients, it went from
76 to 55 mL/min. There was also no significant effect on
proteinuria.
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• Collaborators with the Mayo clinic performed a multi-
centre, placebo-controlled, randomised trial in 106 patients
with normal- to moderately-impaired renal function, and
nephrotic range proteinuria. Fifty-five patients were treated
with 12 g of fish oil daily and 51 controls received olive oil
placebo.1 Six per cent in the fish oil group and 33% in the
placebo group experienced an increase of 50% or more in
the baseline serum creatinine at 2 years (P = 0.002). The
cumulative percentage of patients who died or developed
ESKD after 4 years was 10% in the fish oil group and 40% in
the placebo group (P = 0.006). Fish oil also slowed the rate
of decline in GFR. There was no effect on the level of pro-
teinuria. In a follow-up study of the original 106 patients,
now beyond 6 years, progression to ESKD remained sub-
stantially lower in the fish oil group and those who contin-
ued fish oil therapy.6 However, results were not improved by
the use of higher doses of fish oil.7

Two meta-analyses8,9 have been performed, both of
which concluded that a clear beneficial effect could not be
demonstrated. When all studies were combined the mean
effect was not statistically significant, although the proba-
bility of at least a minor beneficial effect was 75%. Mixed-
effects regression suggested that fish oil therapy may have
been slightly more effective among individuals with greater
levels of proteinuria.

No data have been published on the use of fish oil sup-
plements in children with IgA nephropathy.

SUMMARY OF THE EVIDENCE

Some, but not all studies, have shown that early and pro-
longed treatment with fish oil may retard the rate of decline
in renal function in patients with progressive IgA nephrop-
athy. However, fish oil has no significant effect on pro-
teinuria in patients with IgA nephropathy. Overall, there is
currently insufficient data to confirm the efficacy of fish oil
supplementation in patients with IgA nephropathy.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No
recommendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: In patients with a slow
progressive decline in creatinine clearance (less than 70
mL/min), fish oil should be given.10

European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Table 3 Results for continuous outcomes

Table 4 Results for dichotomous outcomes

Study ID 
(author, year) Outcomes

Intervention group
(mean [SD])

Control group
(mean [SD])

Difference in means  
[95% CI]

Bennet et al, 1989 Group A serum Cr 
(nmol/L) compared to
baseline

0.19 (0.14) 0.22 (0.08) −0.03 (95%CI: −0.14, 0.08)

Group B serum Cr 
(nmol/L) compared to
baseline

0.07 (0.20) 0.01 (0.03) 0.06 (95%CI: −0.07, 0.19)

Donadio et al, 2001 SBP (mmHg) at 2 yrs 136 (13) 136 (17) 0.00 (95%CI: −8.04, 8.04)
DBP (mmHg) at 2 yrs 83 (8) 81 (8.9) 2.00 (95%CI: −2.51, 6.51)
Cholesterol (mg/dL) 212 (57) 206 (50) 6.00 (95%CI: −22.69, 34.69)

Donadio et al, 1994 Change in SBP (mmHg)
in hypertensive 
patients at 1 yr

−11 (19) −9 (21) −2.00 (95%CI: −13.02, 9.02)

Change in SBP (mmHg)
in normotensive 
patients at 1 yr

4 (14) −1 (15) 5.00 (95%CI: −4.79, 14.79)

Change in DBP (mmHg)
in hypertensive 
patients at 1 yr

−6 (9) −3 (11) −3.00 (95%CI: −8.56, 2.56)

Change in DBP (mmHg)
in normotensive 
patients at 1 yr

−1 (9) 0.1 (8) −1.10 (95%CI: −6.81, 4.61)

Pettersson et al, 1994 SBP (mmHg) at 6 mo 136 (15) 142 (19) −6.00 (95%CI: −17.80, 5.80)
SDP (mmHg) at 6 mo 81 (7) 82 (9) −1.00 (95%CI: −6.55, 4.55)
Mean increase in body

weight at 6 mo (kg)
2.1 (2.7) 0.2 (2.9) 1.90 (95%CI: −0.04, 3.84)

Study ID 
(author, year) Outcomes

Intervention
group 

(number
of patients

with 
events/
number

of patients
exposed)

Control
group

(number
of patients

with events/
number of 

patients not
exposed)

Relative risk (RR) 
[95% CI]

Risk difference (RD)  
[95% CI]

Bennet et al,
1989

ESRD 2/17 2/20 1.18 (95%CI: 0.18, 7.48) 0.02 (95%CI: −0.18, 0.22)

Donadio et al, 
2001

Death 0/36 0/37 Not estimable 0.00 (95%CI: −0.05, 0.05)
Adverse events 4/36 5/37 0.81 (95%CI: 0.24, 2.82) −0.02 (95%CI: −0.17, 0.13)
Diverticulitis 0/36 1/37 0.34 (95%CI: 0.01, 8.14) −0.03 (95%CI: −0.10, 0.05)
Hyperkalaemia 0/36 1/37 0.34 (95%CI: 0.01, 8.14) −0.03 (95%CI: −0.10, 0.05)
ESRD 8/36 10/37 0.82 (95%CI: 0.37, 1.85) −0.05 (95%CI: −0.25, 0.15)

Donadio et al,
1994

Death, repeated 
dialysis, transplant

14/55 5/51 2.60 (95%CI: 1.01, 6.70) 0.16 (95%CI: 0.02, 0.30)

Increase of ≥ 50% 
serum Cr

3/55 14/51 0.20 (95%CI: 0.06, 0.65) −0.22 (95%CI: −0.36, −0.08)

ESRD 4/55 14/51 0.26 (95%CI: 0.09, 0.75) −0.20 (95%CI: −0.34, −0.06)
Pettersson et al,

1994
No change in 

GFR
2/15 2/17 1.13 (95%CI: 0.18, 7.09) 0.02 (95%CI: −0.21, 0.25)

Improved 51Cr-
EDTA clearance

2/15 6/17 0.38 (95%CI: 0.09, 1.60) −0.22 (95%CI: −0.50, 0.07)
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Specific management of IgA nephropathy: role of triple therapy 
and cytotoxic therapy
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SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on level III and IV evidence)
• There is currently no evidence to demonstrate that the
addition of azathioprine, cyclophosphamide, dipy-
ridamole, or warfarin, alone or in combination, with cor-
ticosteroids has any additive benefit. At the same time,
these therapies expose patients to significant toxicity.
Gonadal toxicity makes this treatment a concern in young
patients. (Level IV evidence)
• The specific utility of these agents in patients with
steroid-resistant nephrotic syndrome due to IgA nephrop-
athy remains to be tested in clinical studies. However, a
number of case series have shown that remission can be
induced by pulse cyclophosphamide in some steroid-
resistant patients. (Level IV evidence)

BACKGROUND

IgA nephropathy is the most common glomerular disease in
Australia and New Zealand. Although the natural history of
IgA nephropathy is variable, many patients develop pro-
gressive loss of renal function over many years. End-stage
kidney disease (ESKD) is said to develop in 20% of cases
after 10 years and in 30% after 20 years, whereas another
30% show some decline in renal function.1 In addition to
non-specific renal interventions (control of hypertension,
ACE inhibition, etc.) there is evidence that interventions
to specifically treat IgA nephropathy may also slow the pro-
gression to ESKD.

The objective of this guideline is to evaluate the avail-
able clinical evidence pertaining to the impact of triple
therapy with cyclophosphamide, dipyridamole, and warfarin
on renal functional decline in chronic IgA nephropathy.
While proliferative or crescentic IgA also causes renal
impairment and ESKD, these guidelines only refer to
chronic progressive IgA nephropathy.

SEARCH STRATEGY

Databases searched: MeSH terms and text words for IgA
nephropathy were combined with MeSH terms and text
words for triple therapy. This search was carried out in Med-
line (1966 to September Week 2, 2004). The Cochrane
Renal Group Trials Register was also searched for trials of
IgA nephropathy not indexed in Medline.
Date of searches: 17 September 2004.

WHAT IS THE EVIDENCE?

There have been two RCTs comparing triple therapy and no
treatment in patients with IgA nephropathy and proteinuria:
• Walker et al2 in a randomised prospective study of 52
patients with mesangial IgA nephropathy, allocated 25
patients to treatment with cyclophosphamide (for
6 months), and dipyridamole and warfarin (2 years).
Twenty-seven patients served as controls and received no
treatment. Despite reductions in urinary protein excretions
with triple therapy, no significant effect on preservation of
renal function could be confirmed over the 2 years of the
study, either with triple therapy or when patients received
warfarin and dipyridamole alone.
• Woo et al3,4 demonstrated reduction of proteinuria and
stabilization of renal function in a group of 52 patients
treated with cyclophosphamide, dipyridamole and warfarin.
However, a 5-year post-trial assessment3,4 found no differ-
ence in renal function between the treatment and control
groups. Only half of the patients in the treatment group
remained on treatment with dipyridamole and low-dose
warfarin at 5 years, which may have accounted for the fail-
ure to show significant difference in renal function com-
pared to the control group. Patients who stopped treatment
had significantly worse renal function and were more likely
(6 of 14) to progress to ESKD compared to those who con-
tinued treatment (0 of 13).

GUIDELINES

a. Triple therapy with cyclophosphamide, dipyridamole, and warfarin has not been shown to be superior to con-
ventional treatment as sole therapy in patients with IgA nephropathy. (Level II evidence)

b. Treatment with cyclophosphamide and prednisolone is superior to supportive treatment alone in patients with
IgA nephropathy. (Level II evidence)

December 200510S5Original ArticlePrevention of Progression of Kidney DiseaseThe CARI Guidelines
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• Murakami et al,5 retrospectively evaluated renal out-
come in a total of 38 children and adolescents with IgA
nephropathy who were selected for 6-month therapy
for clinical (proteinuria > 1 g/m2/24 h) and pathological
features (mesangial proliferation, crescent formation, and
tubulo-interstitial changes) suggestive of progressive renal
failure. Seventeen patients were treated with a com-
bination of prednisolone, cyclophosphamide and dipy-
ridamole, and the remaining 21 patients were treated with
the same drugs plus warfarin. There were no untreated
controls. All of the patients were followed-up for more
than 2 years (range 2–10 years, mean 4.8). In both groups,
the mean urinary protein excretion value was significantly
reduced after the therapy, compared with that at entry
into the study. The significant reduction continued for up
to 6 years in group A and up to 5 years in group B. Creati-
nine clearance was stable until 5–6 years after the trial in
both groups, but 4 patients progressed to ESKD after that
period. Post-therapy biopsy was performed in 14 patients,
and was compared with the pre-therapy biopsy. The activ-
ity score improved in both groups, but the chronicity score
did not. These results suggest that there was a temporary
effect and limited benefit with this treatment of combined
drugs for children and adolescents with IgA nephropathy.
The additive effect of warfarin was not substantiated.

There has been one RCT of dipyridamole and warfarin
alone.
• Lee et al6 looked at the effect of double therapy with war-
farin and dipyridamole in a study of 21 patients with IgA
nephropathy and mild renal impairment, where 10 patients
were assigned to treatment with dipyridamole and low-dose
warfarin and 11 patients to the control group on no treat-
ment. At the end of the trial, renal function remained stable
in patients on treatment while a significant deterioration
was seen in the control group. This study used a longer dura-
tion of treatment (3 years vs. 2 years) and warfarin at lower
‘anticoagulant doses’ than the Walker et al2 study, which
had previously shown no benefit from triple therapy.

There has been one RCT comparing triple therapy with
added prednisolone to anticoagulation and dypiridamole
alone.
• Yoshikawa et al7 randomised 78 children with Ig A neph-
ropathy to receive prednisone (2 mg/kg/day tapered over
2 years) and azathioprine (2 mg/kg/day) and heparin/cou-
madin and dipyridamole (5 mg/kg/day) or to receive hep-
arin/coumadin and dipyridamole (5 mg/kg/day) alone. After
2 years of treatment, urinary protein excretion and serum
IgA concentration fell significantly in patients receiving
steroid/azathioprine, but remained unchanged in patients
receiving anticoagulation alone. When comparing renal
biopsies taken at the study endpoint to those at baseline, the
percentage of glomeruli showing sclerosis was unchanged in
children receiving prednisolone, azathioprine, heparin-
warfarin, and dipyridamole for 2 years but increased signifi-
cantly in those receiving heparin-warfarin and dipy-
ridamole. Although this data is promising, given the known

response to steroids in this condition (see guideline titled
“specific management of IgA nephropathy: role of steroid
therapy”) the role of azathioprine or anticoagulation in
influencing renal outcomes in this study is difficult to
interpret.

There have been two randomised studies of dipyridamole
alone:
• Katafuchi et al8 randomised 189 patients to receive pred-
nisolone 20 mg/day × 1 month followed by tapering over
18 months, plus dipyridamole 150 mg/day or dipyridamole
300 mg/day.
• Shoji et al9 studied 21 patients, randomised to receive
prednisolone 0.8 mg/kg/day tapered to 10 mg for 1 year or
dipyridamole 300 mg/day. After 1 year of therapy, pro-
teinuria was reduced in patients treated with steroids, asso-
ciated with improvement in renal histology. By comparison,
antiplatelet therapy had no significant effect on proteinuria
or renal histology.

The addition of cyclophosphamide to steroid has also
slowed the progression in patients with histologically severe
disease pathology (mesangial proliferation, crescent forma-
tion, and tubulo-interstitial changes) in some case series.2

There have been a few small studies in which the use of
cytotoxic therapy (in the absence of anticoagulant therapy
– as triple therapy) has been studied.
• Tsuruya et al,10 retrospectively reviewed 45 patients with
moderate to severe histological changes (including cres-
cents) treated with combination therapy using prednisolone
and cyclophosphamide (n = 26) or conventional therapy
(n = 19). In the combination therapy group, urinary protein
excretion significantly decreased and the progression rate
was significantly lower than in the control group.
• Ballardie et al11 studied 38 patients with progressive IgA
nephropathy and renal impairment (serum creatinine
> 130 µmol/L) who were randomised to treatment with
prednisolone 40 mg/d (reduced to 10 mg/d by 2 years) and
cyclophosphamide 1.5 mg/kg per day (adjusted down to the
nearest 50 mg) for the initial 3 months, then azathioprine at
the same dose continued for a minimum of 2 years, or no
treatment. While cumulative renal survival after 5 years was
significantly improved by intervention, it remains to be
established if this represents the effect of steroids, cytotoxic
therapy or their combination.
• Chen et al12 retrospectively analysed the medical data of
60 patients with IgA nephropathy treated with corticoster-
oid alone or in combination with cyclophosphamide. They
found that corticosteroid and combination therapy with
corticosteroid and cyclophosphamide were equally effective.
• Rasche et al13 conducted a prospective, uncontrolled trial
to evaluate the effect of intravenous cyclophosphamide
pulse and low-dose oral prednisolone therapy in 21 patients
with biopsy-proven IgA nephropathy. Overall, the loss of
renal function per year was significantly slowed compared to
historical data before therapy was initiated, and proteinuria
decreased.
A meta-analysis performed in 2002 concluded that there
was no additional benefit from using cytotoxics.14
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SUMMARY OF THE EVIDENCE

Despite initial enthusiasm for the combination of dipy-
ridamole, warfarin and cyclophosphamide, recent studies
have shown variable benefit in patients with chronic IgA
nephropathy (Level II evidence). Many of the positive stud-
ies also used corticosteroids in treatment arms, making
interpretation of the specific role of triple therapy and cyto-
toxic therapy in improved outcomes difficult.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No
recommendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: Treatment with cyclo-
phosphamide, dipyridamole, and warfarin should not be
used.9

European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Table 3 Results for continuous outcomes

Table 4 Results for dichotomous outcomes
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Study ID 
(author, year) Outcomes

Intervention group
(mean [SD])

Control group
(mean [SD])

Difference in means  
[95% CI]

Katafuchi et al,
2003

SBP (mmHg) at 60 mo 127 (18) 124 (13) 3.00 (95%CI: −5.98, 11.99)
DBP (mmHg) at 60 mo 78 (12) 76 (11) 2.00 (95%CI: −4.59, 8.59)
Serum Cr (mg/dL) at 60 mo 0.99 (0.66) 1.01 (0.40) −0.02 (95%CI: −0.33, 0.29)
Urinary protein (mg/dL) at

60 mo
118 (143) 100 (98) 18.00 (95%CI: −52.92, 88.92)

Change in UP-UCR from 
baseline

−0.84 (1.78) 0.26 (1.65) −1.10 (95%CI: −2.10, −0.10)

Lee et al, 1997 Serum Cr (mg/dL) end of 
treatment

2.5 (1.2) 3.3 (1.1) −0.80 (95%CI: −1.97, 0.19)

CrCl (mL/min) end of 
treatment

52 (27) 31 (22) 21.00 (95%CI: −0.19, 42.19)

Urinary protein (g/day) end
of treatment

1.3 (1.1) 1.5 (1.1) −0.20 (95%CI: −1.14, 0.74)

Shoji et al, 2000 Proteinuria (mg/d) at 1 yr 289.6 (234.8) 712.2 (391.7) −422.60 (95%CI: −727.01, −118.19)
Serum Cr (mg/dL) at 1 yr 0.77 (0.17) 0.77 (0.25) 0.00 (95%CI: −0.20, 0.20)
GFR (mL/min/1.73m2) at 

1 yr
110.1 (26.4) 107.6 (22.3) 2.50 (95%CI: −19.46, 24.46)

Serum IgA (mg/dL) at 1 yr 254.6 (98.8) 313.4 (86.2) −58.80 (95%CI: −142.33, 24.73)
SBP (mmHg) at 1 yr 109.1 (12.5) 116.1 (4.6) −7.00 (95%CI: −15.05, 1.05)

Walker et al, 
1990

Change in serum Cr (mmol/L) 0.02 (0.24) 0.01 (0.05) 0.01 (95%CI: −0.09, 0.11)
Change in urine protein 

(g/24 h)
−0.53 (1.20) 0.13 (1.77) −0.66 (95%CI: −1.48, 0.16)

Change in urine 
erythrocytes (log rbc/mL)

0.05 (0.95) −0.26 (0.78) 0.31 (95%CI: −0.16, 0.78)

Change SBP (mmHg) 0.6 (17) −3.8 (16.63) 4.40 (95%CI: −4.75, 13.55)
Change SDP (mmHg) 1.0 (10.5) −0.2 (19.75) 1.20 (95%CI: −7.31, 9.71)

Yoshikawa et al,
1999

Urinary protein excretion 
at end of treatment (g/d)

0.22 (0.31) 0.88 (1.34) −0.66 (95%CI: −1.12, −0.20)

Creatinine clearance 
(ml/min/1.73 m2)

147 (33) 145 (44) 2.00 (95%CI: −15.98, 19.98)

Serum IgA 229 (87) 281 (92) −52.00 (95%CI: −91.78, −12.22)

UP-UCR, urine protein-creatinine ratio.

Study ID 
(author, year) Outcomes

Intervention
group 

(number of
patients

with events/
number of
patients
exposed)

Control
group 

(number of
patients

with events/
number of
patients

not exposed)
Relative risk (RR) 

[95% CI]
Risk difference (RD)  

[95% CI]

Katafuchi et al,
2003

Improved kidney 
function

28/43 27/47 1.13 (95%CI: 0.82, 1.58) 0.08 (95%CI: −0.12, 0.28)

Unimproved kidney
function

15/43 20/47 0.82 (95%CI: 0.48, 1.39) −0.08 (95%CI: −0.28, 0.12)

Lee et al, 1997 ESRD 1/10 4/11 0.28 (95%CI: 0.04, 2.07) −0.26 (95%CI: −0.60, 0.08)
Walker et al, 

1990
Amenorrhea 1/7 0/11 4.50 (95%CI: 0.21, 97.23) 0.14 (95%CI: −0.15, 0.44)
Oligospermia 1/18 0/16 2.68 (95%CI: 0.12, 61.58) 0.06 (95%CI: −0.09, 0.20)

Yoshikawa et al,
1999

Developed chronic 
renal insufficiency

0/40 1/38 0.32 (95%CI: 0.01, 7.55) −0.03 (95%CI: −0.10, 0.04)

Treatment stopped
due to adverse
event

2/40 1/38 1.90 (95%CI: 0.18, 20.10) 0.02 (95%CI: −0.06, 0.11)
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Specific management of IgA nephropathy: role of tonsillectomy
Date written: July 2005
Final submission: September 2005
Author: Merlin Thomas

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on level III and IV evidence)
Numerous retrospective cohort studies and case reports
have suggested that tonsillectomy may reduce proteinuria
and serum total IgA concentration, decrease episodes of
macroscopic haematuria and slow progression to end-stage
kidney disease (ESKD) in patients with tonsillitis. In
retrospective series, tonsillectomy has been associated
with improved renal outcome in patients with IgA
nephropathy, over and above standard therapy. However,
these results have not been consistent in all studies. More-
over, these results are confounded by indication making
the true role of tonsillectomy difficult to interpret.
• Komatsu et al1 examined renal outcomes in 237
patients with IgA nephropathy (aged 31 ±±±± 14 years, mean
±±±± SD) who had been followed-up for at least 6 months
(follow-up periods, 62.3 ±±±± 45.5 months). On univariate
analysis, tonsillectomy was the only significant treatment
that contributes to the maintenance of normal renal func-
tion. In addition, urinary abnormalities disappeared at a
significantly higher frequency when patients were treated
by tonsillectomy. However, the severity of baseline renal
disease was not equivalent in all groups and the protective
effect of tonsillectomy was eliminated after adjusting for
other baseline variables.
• Rasche et al2 retrospectively reviewed data on renal
outcome in 55 patients with IgA nephropathy. In this
study, there was no significant correlation between ton-
sillectomy and ESKD after 3.4 ±±±± 4 years of follow-up,
when adjusting for baseline risk factors.
• Xie et al3 retrospectively reviewed data from over
15 years in 118 patients with idiopathic IgA nephropathy,
including 48 patients who had undergone tonsillectomy
and 70 who had not. After adjusting for baseline risk
factors, only five (10.4%) of patients (n ==== 48) who had
undergone tonsillectomy entered dialysis, whereas 18
(25.7%) of 70 patients who had not undergone tonsillec-
tomy required dialysis (P ==== 0.04). Cox regression analysis
showed that the relative risk for terminal renal failure in
patients following tonsillectomy was lower compared to
control patients (hazard ratio 0.22, 95%CI: 0.06–0.76,
P ==== 0.0164).

• Iino et al4 reviewed 50 patients with IgA nephropathy
and chronic tonsillitis, including 35 patients with and 15
without tonsillectomy. In patients with a serum creatinine
level of <<<< 1.4 mg/dL, renal function remained normal in
all subjects with tonsillectomy, but worsened in 3 of 13
patients without tonsillectomy. There was no effect seen
in patients with a serum creatinine level of >>>> 1.4 mg/dL at
the time of renal biopsy. They proposed that tonsillectomy
might have a role for patients with IgA nephropathy com-
plicated by tonsillitis when the operation was performed
before deterioration of renal function.
• Barta et al5 followed 75 patients with biopsy-proven
IgA nephropathy for an average of 12.2 years, including
35 patients who had undergone tonsillectomy. Although
the level of microhaematuria 6 months after tonsillectomy
was similar to before the procedure, tonsillectomy stopped
gross haematuria appearing in the acute exacerbation of
the disease in more than two-thirds of patients. ESKD was
detected only in 4 of 35 patients 10 years after tonsillec-
tomy, compared to 8 of 40 patients from a non-tonsillec-
tomised control group with IgA nephropathy.
• Hotta et al6 conducted a retrospective review of the
renal outcome in 329 patients with IgA nephropathy,
with an observation period longer than 36 months
(82.3 ±±±± 38.2 months). Their results showed that there
were no significant differences between the tonsillectomy
and non-tonsillectomy groups regarding the incidence of
progressive renal functional loss (defined as a 50%
increase in baseline serum creatinine). However, tonsil-
lectomy had a significant impact on clinical remission by
multivariate Cox regression analysis.
• Sato et al7 retrospectively reviewed 70 patients with
IgA nephropathy and renal impairment (serum creatinine
>>>>1.5 mg/dL). Steroid pulse with tonsillectomy, and con-
ventional steroid and supportive therapy were performed
in 30, 25 and 15 patients, respectively. The incidence of
ESKD in the patients treated by steroid pulse with ton-
sillectomy was significantly lower than the incidences in
the patients treated by conventional steroid and support-
ive therapy at a baseline creatinine level of 1.5–2 mg/dL,
but no statistical difference was observed at a level of
>>>> 2 mg/dL. Like the findings of Iino et al,4 the authors
concluded that steroid pulse therapy combined with ton-

GUIDELINES

No recommendation possible based on Level I or II evidence 
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sillectomy may be more effective than conventional
steroid therapy in patients without moderate to severe
renal impairment.
• Akagi et al8 performed a 10-year retrospective case-
control study of 71 patients with IgA nephropathy to
evaluate the long-term effects and prognostic factors asso-
ciated with tonsillectomy. A total of 41 patients who had
undergone tonsillectomy were compared with 30 patients
who had not. After over 12 years of follow-up, the clin-
ical remission rate was 24% in the tonsillectomy group
and 13.3% in those not receiving tonsillectomy. Similarly,
renal survival was higher in patients who had undergone
tonsillectomy.
• Nishi and colleagues9 reviewed long-term renal
survival in 46 patients who had undergone tonsillectomy,
and 74 patients with IgA nephropathy who had not. Five
(10.9%) of the tonsillectomy group reached ESKD
whereas 19 (25.8%) of the non-tonsillectomy group did.

In summary, tonsillectomy could reduce proteinuria and
haematuria in those patients without moderate to severe
renal impairment. These studies are retrospective and
potentially confounded by indication, making the clinical
significance of this intervention difficult to interpret.

BACKGROUND

IgA nephropathy is the most common glomerular disease in
Australia and New Zealand. Although the natural history of
IgA nephropathy is variable, many patients develop pro-
gressive loss of renal function over many years. ESKD is said
to develop in 20% of cases after 10 years and in 30% after
20 years, whereas another 30% show some decline in renal
function.10 In addition to non-specific renal interventions
(control of hypertension, ACE inhibition, etc.) there is
evidence that interventions that specifically treat IgA
nephropathy may also slow the progression to ESKD.

The macroscopic haematuria seen in IgA nephropathy is
commonly precipitated by a mucosal stimulation (e.g. phar-
yngitis) suggesting the possibility of an aberrant mucosal
immunity in the pathogenesis of IgA nephropathy. The ton-
sils are also a significant source of under-glycosylated IgA1,
implicated in the pathogenesis of IgA deposition.11 Tonsil-
lectomy also decreases the levels of serum IgA levels. The
objective of this guideline is to evaluate the available clin-
ical evidence pertaining to the impact of tonsillectomy on
renal functional decline in IgA nephropathy. This guideline
does not address the role of tonsillectomy in those patients
with appropriate ENT indications.

SEARCH STRATEGY

Databases searched: MeSH terms and text words for IgA
nephropathy were combined with MeSH terms and text
words for tonsillectomy. This search was carried out in Med-
line (1966 to September Week 2, 2004). The Cochrane
Renal Group Trials Register was also searched for trials of
IgA nephropathy not indexed in Medline.
Date of searches: 17 September 2004.

WHAT IS THE EVIDENCE?

There have been no randomised controlled studies.

SUMMARY OF THE EVIDENCE

No recommendations can be made regarding tonsillectomy
for disease progression in patients with IgA nephropathy on
the basis of currently available retrospective studies and case
reports. Tonsillectomy should be performed in those
patients with appropriate ENT indications. Controlled tri-
als are needed before tonsillectomy should be considered for
any other group.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No recom-
mendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: A tonsillectomy could
reduce proteinuria and hematuria in those patients with
recurrent tonsillitis.4

European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

Patients with IgA detailed in the ANZDATA database
should be questioned as to whether they have undergone
tonsillectomy in the past.

REFERENCES

1. Komatsu H, Fujimoto S, Hara S et al. Multivariate analysis of prog-
nostic factors and effect of treatment in patients with IgA nephr-
opathy. Ren Fail 2005; 27: 45–52.

2. Rasche FM, Schwarz A, Keller F. Tonsillectomy does not prevent
a progressive course in IgA nephropathy. Clin. Nephrol. 1999; 51:
147–52.

3. Xie Y, Nishi S, Ueno M et al. The efficacy of tonsillectomy on
long-term renal survival in patients with IgA nephropathy. Kidney
Int. 2003; 63: 1861–7.

4. Iino Y, Ambe K, Kato Y et al. Chronic tonsillitis and IgA nephr-
opathy. Clinical study of patients with and without tonsillectomy.
Acta Otolaryngol. Suppl 1993; 508: 29–35.

5. Barta J, Kovacs T, Fazekas A et al. Does tonsillectomy cause any
change in long-term course of IgA nephropathy? (Hungarian).
Orv Hetil 1996; 137: 2903–6.

6. Hotta O, Furuta T, Chiba S et al. Regression of IgA nephropathy:
a repeat biopsy study. Am. J. Kidney Dis 2002; 39: 493–502.

7. Sato M, Hotta O, Tomioka S et al. Cohort study of advanced IgA
nephropathy: efficacy and limitations of corticosteroids with ton-
sillectomy. Nephron Clin. Pract 2003; 93: c137–45.



S148 The CARI Guidelines 

8. Akagi H, Kosaka M, Hattori K et al. Long-term results of tonsil-
lectomy as a treatment for IgA nephropathy. Acta Otolaryngol.
Suppl 2004; 555: 38–42.

9. Nishi S, Xie Y, Ueno M et al. A clinicopathological study on the
long-term efficacy of tonsillectomy in patients with IgA nephrop-
athy. Acta Otolaryngol. Suppl 2004; 555: 49–53.

10. Rekola S, Bergstrand A, Bucht H. Deterioration of GFR in IgA
nephropathy as measured by 51Cr-EDTA clearance. Kidney Int.
1991; 40: 1050–4.

11. Horie A, Hiki Y, Odani H et al. IgA1 molecules produced by ton-
sillar lymphocytes are under-O-glycosylated in IgA nephropathy.
Am. J. Kidney Dis 2003; 42: 486–96.



Prevention of Progression of Kidney Disease S149

Specific management of IgA nephropathy: role of 
cyclosporin and other therapies

Date written: July 2005
Final submission: September 2005
Author: Merlin Thomas

GUIDELINES

There is currently insufficient data to support the use of cyclosporin to slow the progression of IgA nephropathy. (Level
I evidence)

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on level III and IV evidence)
• In patients with IgA nephropathy and nephrotic syn-
drome that have proved resistant to conventional treat-
ment, clinical remission in selected patients has been
reported following the use of cyclosporin,1 azathioprine,2

mycophenolate3 and intravenous immunoglobulin,4

ketoconazole5 and mizobine.6 These anecdotal reports do
not provide conclusive evidence of their efficacy in pre-
venting disease progression in IgA nephropathy and fur-
ther studies are needed before these treatments can be
recommended. (Level III evidence – anecdotal reports,
uncontrolled and retrospective reviews)
• Although their utility in preventing progressive renal
impairment remains to be established, fluvastatin appears
to have antiproteinuric effects in patients with IgA
nephropathy. In the presence of dyslipidemia, which
complicates many cases of IgA nephropathy, it seems
reasonable to consider a statin as a first-line therapy.
• Similarly, while the clinical utility of vitamin E therapy
in preventing progressive renal impairment remains to be
established, its good side-effect profile means that some
patients will wish to consider vitamin E supplementation
in addition to other relevant supportive strategies.

BACKGROUND

IgA nephropathy is the most common glomerular disease in
Australia and New Zealand. Although the natural history of
IgA nephropathy is variable, many patients develop pro-
gressive loss of renal function over many years. End-stage
kidney disease (ESKD) is said to develop in 20% of cases
after 10 years and in 30% after 20 years, whereas another
30% show some decline in renal function.7 In addition to
non-specific renal interventions (control of hypertension,
ACE inhibition, etc.) there is evidence that interventions
to specifically treat IgA nephropathy may also slow the pro-
gression to ESKD. The objective of this guideline is to sum-

marize evidence for the utility of these agents in patients
with IgA nephropathy.

SEARCH STRATEGY

Databases searched: MeSH terms and text words for IgA
nephropathy were combined with MeSH terms and text
words for cyclosporine, vitamin E, fluvastatin and azathio-
prine. This search was carried out in Medline (1966 to Sep-
tember Week 2, 2004). The Cochrane Renal Group Trials
Register was also searched for trials of IgA nephropathy not
indexed in Medline.
Date of searches: 17 September 2004.

WHAT IS THE EVIDENCE?

Cyclosporine A

There is no current evidence that treatment with
cyclosporin either prevents the occurrence of IgA nephrop-
athy (as it recurs in transplants) or retards the long-term
progression of IgA nephropathy, although long-term studies
have not been performed. There are only a few small studies
available using cyclosporin for the treatment of IgA
nephropathy.
There has been only one small short-term randomised con-
trolled study:
• Lai et al8 randomised 19 patients with IgA nephropathy
and proteinuria (greater than 1.5 g/day) to receive oral
cyclosporin (5 mg/kg/day) for 12 weeks (n = 9) and placebo
(n = 10). Although there was a significant fall in protein
excretion, this was accompanied by a rise in serum creati-
nine in cyclosporin-treated patients. This was despite the
plasma cyclosporin concentrations being maintained within
a narrow therapeutic range. However, both proteinuria and
renal function returned to pretreatment levels after cessa-
tion of treatment.
In another small non-randomised open label study,1 6
patients with IgA nephropathy, nephrotic-range proteinuria

December 200510S5Original ArticlePrevention of Progression of Kidney DiseaseThe CARI Guidelines
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resistant to corticosteroids administered for 3 months
and serum creatinine less than 200 mmol/L were given
cyclosporin (5 mg/kg/day) titrated to a serum concentration
of 70–150 ng/mg and alternate day prednisolone for 1 year
tapered to discontinuation in 9 months. Cyclosporin treat-
ment reduced proteinuria. Overall, glomerular filtration rate
(GFR) decreased after 1 year of treatment, although after 2
years it was not significantly different from baseline. The
variable natural history of this disease makes such uncon-
trolled observations difficult to interpret.

A recent meta-analysis concluded that there was no sig-
nificant difference in the risk of ESKD or rate of decline of
GFR between patients treated with cyclosporin and patients
treated with placebo.9

Vitamin E

Oxidative stress is believed to be an important mediator of
renal injury in IgA nephropathy. There has been one ran-
domised controlled trial of vitamin E therapy in children
with IgA nephropathy.
• Chan et al.10 randomised 55 children with IgA nephrop-
athy to received vitamin E (400–800 IU/day) (n = 27) or
placebo (n = 28). Proteinuria was significantly reduced in
those receiving vitamin E compared to placebo. However,
there were no significant changes in the prevalence of hae-
maturia. As these patients did not have progressive renal
impairment, the effect of vitamin E in preserving renal func-
tion could not be assessed.

Mycophenolate

Humoral immunity is believed to play a role in the patho-
genesis of IgA nephropathy. There have been two prospec-
tive placebo-controlled randomised studies in patients with
IgA nephropathy using mycophenolate mofetil (MMF).
• Maes et al11 randomised 34 patients at risk for progressive
disease, to receive ACE inhibition and MMF (2 g per day,
n = 21) or placebo (n = 13) for 3 years of treatment. No sig-
nificant effect of MMF could be demonstrated on renal
function/outcome or proteinuria.
• Chen et al12 randomised 62 patients with severe IgA
nephropathy and proteinuria to receive MMF or oral pred-
nisolone. After 6, 12 and 18 months, proteinuria was
reduced in both groups, although the effect was larger in
patients receiving MMF. In addition, lipid parameters were
significantly improved in patients receiving MMF compared
with those receiving prednisolone alone.

Fluvastatin
Fluvastatin may have an antiproteinuric effect in IgA
nephropathy, independent of its lipid-lowering activities.13

There has been one prospective controlled trial of fluvasta-
tin in patients with IgA nephropathy.
• Kano et al14 randomised 30 patients with IgA nephropa-
thy and moderate proteinuria to receive 20 mg of fluvastatin
and 5 mg/kg of dipyridamole or dipyridamole alone. After
1 year, proteinuria and haematuria and creatine clearance

increased in patients treated with fluvastatin compared to
patients receiving dipyridamole alone.

Other agents
There are no prospective clinical trials in patients with IgA
nephropathy using azathioprine, intravenous immunoglob-
ulin, ketoconazole or mizobine.

SUMMARY OF THE EVIDENCE

At present, there is insufficient evidence to support the use
of cyclosporin or MMF to prevent progression of kidney
disease in patients with IgA nephropathy. Although both
fluvastatin and vitamin E appear to have antiproteinuric
effects, their utility in preventing progressive renal impair-
ment remains to be established.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No recom-
mendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: Cyclosporin A should
not be used. No recommendation regarding other
therapies.15

European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Table 3 Results for continuous outcomes

Table 4 Results for dichotomous outcomes

December 200510S5Original ArticlePrevention of Progression of Kidney DiseaseThe CARI Guidelines

Study ID
(author, year) Outcomes

Intervention group
(mean [SD])

Control group
(mean [SD])

Difference in means 
[95% CI]

Chan et al, 2003 Cr Clearance (mL/min/1.73 m2) 
end of study

127 (50) 112 (31) 15.00 (95%CI: 2.14, 27.86)

Urinary protein/Cr (mg/mg) 0.24 (0.38) 0.61 (1.37) −0.37 (95%CI: −0.88, 0.14)
Kano et al, 2003 UP (g/24 h/1.73 m2) at 1 yr 0.5 (0.4) 0.8 (0.6) −0.30 (95%CI: −0.66, 0.06)

Hematuria in morning urine 1.1 (1.0) 1.3 (1.3) −0.20 (95%CI: −1.03, 0.63)
Serum Cr (µmol/L) at 1 yr 41.5 (12.4) 48.6 (10.6) −7.10 (95%CI: −15.36, 1.16)
Cr Clearance (ml/min/1.73 m2)

at 1 yr
133.1 (14.9) 110.5 (15.2) 22.50 (95%CI: 11.73, 33.27)

Serum total protein (g/L) at 1 yr 73 (5) 69 (4) 4.00 (95%CI: 0.76, 7.24)
Serum albumin (g/L) at 1 yr 46 (2) 42 (3) 4.00 (95%CI: 2.18, 5.82)
Serum total cholesterol (mmol/L)

at 1 yr
3.57 (0.75) 4.48 (0.67) −0.91 (95%CI: −1.42, −0.40)

Serum triglyceride (g/L) at 1 yr 0.72 (0.21) 1.02 (0.25) −0.30 (95%CI: −0.47, −0.13)
Serum LDL cholesterol (mmol/L)

at 1 year
2.02 (0.60) 2.90 (0.88) −0.88 (95%CI: −1.42, −0.34)

Maes et al, 2004 Hematocrit (%) at 36 mo 43 (9.17) 42 (3.61) 1.00 (95%CI: −3.39, 5.39)
Haemoglobin (g/dL) at 36 mo 14.1 (2.75) 13.9 (2.16) 0.20 (95%CI: −1.46, 1.86)
IgA (g/L) at 36 mo 2.6 (1.37) 2.8 (1.08) −0.20 (95%CI: −1.03, 0.63)
Albumin (g/L) at 36 mo 38.7 (4.58) 39.2 (3.61) −0.50 (95%CI: −3.27, 2.27)

Study ID
(author, year) Outcomes

Intervention
group

(number of
patients with

events/number
of patients
exposed)

Control
 group

(number of
patients

with events/
number of

patients not
exposed)

Relative risk (RR)
[95% CI]

Risk difference (RD) 
[95% CI] 

Lai et al, 
1987

Moderate ankle
oedema

2/9 1/10 2.22 (95%CI: 0.24, 20.57) 0.12 (95%CI: −0.21, 0.45)

Hirsutism, 
epigastric
discomfort

2/9 0/10 5.50 (95%CI: 0.30, 101.28) 0.22 (95%CI: −0.07, 0.52)

Decrease in 
serum IgA 
concentration

7/9 0/10 16.50 (95%CI: 1.07, 253.40) 0.78 (95%CI: 0.48, 1.07)

Maes et al, 
2004

Mortality 0/21 1/13 0.21 (95%CI: 0.01, 4.85) −0.08 (95%CI: −0.25, 0.10)
Stopped 

treatment
due to adverse
events

1/21 1/13 0.62 (95%CI: 0.04, 9.07) −0.03 (95%CI: −0.20, 0.14)

Loss of renal
function 
(decrease 
> 25% in 
inulin 
clearance)

7/21 2/12 2.17 (95%CI: 0.53, 8.88) 0.18 (95%CI: −0.10, 0.46)

GI complaints 2/21 0/13 3.18 (95%CI: 0.16, 61.49) 0.10 (95%CI: −0.07, 0.26)
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Membranous nephropathy: role of alkylating agents
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Author: Merlin Thomas

GUIDELINES

a. Treatment with alkylating agents is associated with an increased rate of remission in patients with nephrotic syn-
drome and idiopathic membranous nephropathy when compared to steroid therapy alone or no therapy. (Level I
evidence)

b. There is insufficient data to confirm that this effect translates into an improvement in renal outcomes. (Level I
evidence)

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV evidence)

Who to treat?

• To avoid possibly unnecessary treatments and toxicity,
most clinical studies have focused on individuals who are
thought to be at risk for progressive disease. Conse-
quently, at this time, the clinical use of alkylating agents
in membranous nephropathy should be restricted to
individuals with poor prognostic features, such as heavy
proteinuria (> 3 g/24 h), impaired renal function at
presentation, deteriorating renal function and/or reduced
response to supportive therapy.
• A variety of models incorporating a range of clinical
and histological features have been validated, with the
ability to predict the development of chronic renal insuf-
ficiency of up to 86%, with a sensitivity of more than
60%.1,2 Such a model could be used to target therapy by
identifying individual patients at risk for progressive dis-
ease. Treatment algorithms based on these models have
been proposed.1 These have not been tested in large-scale
trials.
• Currently, there is no evidence to support disease-
specific intervention in adult patients with good prog-
nostic features (proteinuria < 3 g/day and normal renal
function), although supportive therapy including aggres-
sive control of blood pressure and dyslipidemia and block-
ade of the renin angiotensin system would seem prudent.
(Level IV evidence) Nonetheless, long-term follow-up is
still required to monitor for the development of adverse
indicators to identify additional patients at risk for pro-
gressive kidney disease. (Level IV evidence)

When to treat

• The possibility of spontaneous remission has led many
authors to suggest that a 6-month period on conservative
therapy (including aggressive control of blood pressure

and dyslipidemia and blockade of the renin angiotensin
system) may be valuable before embarking on cytotoxic
therapy. (Level IV evidence)
• While most studies have dealt with early treatment of
patients with adverse prognostic features (and excluded
patients with established renal impairment) there have
been a few small studies to suggest that even late inter-
vention may be efficacious.3,4 (Level III evidence)
• Although such studies imply that a brief delay may not
be harmful, the progression of control patients over a
short period in many of the trials described below should
mean this course should only be conducted with cautious
observation. (Level IV evidence)

BACKGROUND

Idiopathic membranous glomerulonephritis (MGN) runs a
variable course. Most patients do well, with 10-year renal
survival of 70–90%.5 Spontaneous remissions occur in up to
65% of patients,6 sometimes months or years after the onset
of nephrotic syndrome and a substantial percentage of
patients never progress to renal failure. To avoid possibly
unnecessary treatments, most clinical studies have focused
on individuals who are thought to be at greater risk for pro-
gressive disease. The objective of this guideline is to evalu-
ate the available clinical evidence pertaining to the impact
of alkylating agents on renal functional decline in MGN
with poor prognostic features, such as heavy proteinuria
(> 3 g/24 h), impaired renal function at presentation, dete-
riorating renal function and/or reduced response to therapy.

SEARCH STRATEGY

Databases searched: MeSH terms and text words for Mem-
branous Nephropathy were combined with MeSH terms
and text words for alkylating agents. This search was carried
out in Medline (1966 to September Week 1, 2004). The
Cochrane Renal Group Trials Register was also searched for
trials of membranous nephropathy not indexed in Medline.
Date of searches: 9 September 2004.



Prevention of Progression of Kidney Disease S155

WHAT IS THE EVIDENCE?

There have been a number of small, prospective, ran-
domised controlled trials (RCTs) comparing alkylating
agents with no treatment.

There have been four RCTs of alkylating agents alone or
in combination with steroids, which have compared treat-
ment responses with those observed in patients receiving
therapy compared to no therapy or placebo.
• In the earliest RCT, Donadio et al7 conducted a prospec-
tive study of 22 patients randomised to either oral cyclo-
phosphamide of 1.5–2.5 mg/kg daily for a period of
12 months or no specific therapy. They were unable to dem-
onstrate in this small study any significant difference in
renal function, proteinuria, or histological stage of disease in
patients who received cyclophosphamide.
• Braun et al8 randomised 55 patients with idiopathic
MGN to receive therapy with a cyclophosphamide or
supportive care. After 60 months of follow-up, treatment
modality had no effect on rates of remission or doubling of
serum creatinine.
• Ponticelli et al9 initially studied the effect of 6 months of
treatment with chlorambucil plus corticosteroids in monthly
cycles vs. symptomatic therapy, in 62 patients with MGN.
All patients had nephrotic range proteinuria. Patients with
renal insufficiency were excluded. Twenty-three of 32
chlorambucil patients experienced a complete or partial
remission compared with just 9 of 30 control patients. Ten
years after initial therapy, the probability of renal survival was
0.92 for treated patients compared with 0.60 for controls.
Some have criticized this study because of this apparently
rapid rate of progression in this control group.
• Murphy et al10 studied 40 patients with idiopathic MGN
randomised to receive either no treatment or a regimen of
oral cyclophosphamide for 6 months, and warfarin and dipy-
ridamole for 2 years. During the 2 years of the trial, renal
function remained unchanged in both groups, but reduced
proteinuria and improved serum albumin were found in the
cyclophosphamide-treated patients. When only nephrotic
patients are considered, a significantly higher proportion of
patients in the treatment group achieved a complete remis-
sion compared with control patients (9 of 13 vs. 4 of 13,
P = 0.05). As progressive deterioration in renal function in
MGN is associated with persistent heavy proteinuria, they
concluded that treatment with cyclophosphamide had a
beneficial effect.

Four studies have evaluated the effect of adding an alkylat-
ing agent to a steroid-based regimen in the control arm.
• Ahmed et al11 examined the effect of prednisolone plus
chlorambucil compared with prednisolone alone in 20
patients with idiopathic membranous nephropathy.
• Falk et al12 conducted a RCT of pulse methylpredniso-
lone, oral corticosteroids, and 6 months of intravenous
cyclophosphamide compared with oral alternate-day corti-
costeroids alone in 26 patients with idiopathic membranous
nephropathy and clinical and laboratory evidence of dete-
riorating renal function. There were no differences in the
numbers progressing to end-stage kidney disease (ESKD) or

in the creatinine levels or urinary protein excretion over a
mean follow-up period of 29 months.
• Pahari et al13 randomised 71 patients with idiopathic
MGN to receive steroid and cyclophosphamide every other
month and steroid alone. In patients receiving cyclophos-
phamine, 33 of 36 patients achieved complete remissions, 2
had a relapsing course with remission on further courses of
therapy and only one has reached end-stage kidney failure
(ESKF). In contrast, 15 of the 35 patients receiving steroids
alone achieved complete remission and 7 a partial
remission.
• In a second study by Ponticelli’s14 group, 92 nephrotic
patients were randomised to receive the same chlorambucil/
steroid regimen or steroids alone. This confirmed a net ben-
efit effect, with 90% survival in the chlorambucil-treated
group at 10 years compared to 62% in the untreated group.
However, treatment with chlorambucil and methylpred-
nisolone was less likely to induce a remission in the presence
of renal insufficiency or mesangial sclerosis.

Three meta-analyses of clinical trials in idiopathic membra-
nous nephropathy have been published.
• Imperiale, Goldfarb, and Berns’15 analysis included the
first five trials discussed above and some retrospective data.
This analysis was confounded by a number of factors includ-
ing heterogeneity in the doses and duration of drug therapy,
mean duration of follow-up, definitions of complete and par-
tial responses to treatment and comparison therapies used.
Nonetheless, they concluded that treatment with cytotoxic
agents benefited patients with idiopathic membranous
nephropathy by inducing significantly more remissions than
untreated groups.
• Hogan et al16 conducted a larger examination of 32 stud-
ies published between 1968 and 1993. The analysis incor-
porated data on close to 2000 patients followed, in most
cases, for more than 2 years. The meta-analysis again found
that the relative chance of complete remission was
improved for patients treated with alkylating agents. At 5
years, the probability of renal survival in the steroid/no-
therapy group (0.80) was lower than in patients receiving
alkylating agents (0.99). However, the percentage of
patients in the analysis included from RCTs was small,
increasing the possibility of type II error.
• In the most recent meta-analysis,17 no beneficial effect on
ESKD was observed in patients treated with alkylating
agents (RR 0.56, 95%CI: 0.18–1.68, P = 0.3) when com-
pared with placebo or no treatment. Nonetheless, alkylating
agents induced more remissions than steroids (complete
remission, RR 1.89, 95%CI: 1.34–2.67, P = 0.0003; com-
plete or partial remission, RR 1.45, 95%CI: 1.16–1.81,
P = 0.001). Overall, alkylating agents showed a significant
effect on complete remission (RR 2.37, 95%CI: 1.32–4.25,
P = 0.004) and final proteinuria (weighted mean difference,
−2.36 g/24 h; 95%CI: −4.27 to −0.46; P = 0.02).

Three studies have compared the effect of two specific
immunosuppressive treatments within the class of alkylat-
ing agents.
• Branten et al18 randomised patients with idiopathic
membranous nephropathy and renal insufficiency to
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monthly cycles of steroids (1 g methylprednisolone IV on 3
consecutive days, followed by oral prednisone 0.5 mg/kg/day
in months 1, 3 and 5) and chlorambucil (0.15 mg/kg/day in
months 2, 4 and 6) (n = 15); or oral cyclophosphamide
(1.5–2.0 mg/kg/day for 1 year) and steroids in a comparable
dose (n = 17). Twelve months after starting treatment,
mean serum creatinine was lower in cyclophosphamide-
treated patients than in those receiving chlorambucil
(P < 0.01). In addition, four chlorambucil-treated patients
developed ESKD, and five needed a second course of ther-
apy, whereas only one cyclophosphamide-treated patient
developed ESKD (P < 0.05). Remissions of proteinuria
occurred more frequently after cyclophosphamide treat-
ment (15/17 vs. 5/15; P < 0.01).
• Ponticelli et al19 compared regimens of methylpredniso-
lone (1 g intravenously for 3 consecutive days followed by
oral methylprednisolone, 0.4 mg/kg per d for 27 d) alternated
every other month either with chlorambucil (0.2 mg/kg per
d for 30 d) with oral cyclophosphamide (2.5 mg/kg per d for
30 d). All patients (n = 87) had biopsy-proven membranous
nephropathy and nephrotic syndrome. Eighty-two per cent
(36/44) assigned to steroid and chlorambucil developed com-
plete or partial remission of their nephrotic syndrome, com-
pared to 93% assigned to methylprednisolone and
cyclophosphamide (P = 0.1). Relapse subsequently occurred
in 25–30% of patients, with no differences between treat-
ment groups. On average, renal function remained stable
over the 3-year follow-up in both treatment groups.
• Reichert et al20 compared oral chlorambucil and intrave-
nous cyclophosphamide-based drug regimens in the treat-
ment of 18 patients with membranous nephropathy and
deteriorating renal function. Therapy consisted of chloram-
bucil (0.15 mg/kg body weight per day orally in months 2, 4,
and 6) and prednisone (three intravenous pulses of 1 g of
methylprednisolone followed by oral prednisone at 0.5 mg/
kg per day in months 1, 3, and 5) or intravenous cyclophos-
phamide (750 mg/m2 body surface area once every month
for 6 months) and methylprednisolone (three intravenous
1-g pulses in months 1, 3, and 5). Renal function was better
preserved in patients receiving chlorambucil with a net
reduction in serum creatinine levels in the group treated
with chlorambucil and an increase in the group treated with
intravenous cyclophosphamide (difference between groups,
P < 0.001). At the end of follow-up, one patient in the
chlorambucil group and four patients in the cyclophospha-
mide group required renal replacement therapy.

A meta-analysis of these studies17 concluded that there
was no significant difference in the need for dialysis or trans-
plantation or in the rates of complete, partial or for
complete or partial remission between different alkylating
agents.

Both cyclophosphamide and chlorambucil are associated
with significant short- and long-term toxicity. In particular,
the risk of bladder cancer is significantly increased by cyclo-
phosphamide, many years after initiation of treatment and
often well outside standard trial analysis. In one study in
Wegener’s granulomatosis, the bladder cancer risk was esti-
mated to be 5% at 10 years and 16% at 16 years after first

exposure to cyclophosphamide.21 It is possible that a similar
cancer incidence in membranous nephropathy may out-
weigh any benefit in slowing disease progression. Some have
suggested that intravenous route for cyclophosphamide may
reduce bladder toxicity, however, the only RCT to use
pulsed cyclophosphamide plus prednisone showed no bene-
fit compared with the use of steroids alone.22 These risks
associated with cyclophosphamide have led some to con-
sider chlorambucil as the alkylating agent of choice for the
treatment of MGN.21 However, chlorambucil has a very
narrow therapeutic index for marrow suppression. In the
recent meta-analysis, cyclophosphamide treatment resulted
in an overall lower rate of discontinuation due to adverse
events compared to chlorambucil (RR 2.34, 95%CI: 1.25–
4.39, P = 0.008). In particular, leukopenia was less common
in cyclophosphamide-treated patients compared to
chlorambucil-treated patients.

SUMMARY OF THE EVIDENCE

While there is evidence that cyclophosphamide or chloram-
bucil can induce remission of proteinuria in some cases of
membranous nephropathy and nephrotic syndrome, the
data is confounded by the inclusion in trials of patients who
may have had spontaneous remission as well as by differ-
ences in study methodology. There is also currently insuffi-
cient evidence to demonstrate any benefit in terms of
progressive renal impairment and ESKD. The optimal agent
to use remains to be established.

Nonetheless, in patients with poor prognostic features,
such as heavy proteinuria (> 3 g/24 h), impaired renal func-
tion at presentation, deteriorating renal function in whom
after a period of monitoring, an inexorable decline in renal
function appears likely, the possibility of inducing remission
of proteinuria by using cytotoxic therapy should be balanced
against the significant risk of toxicity.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No recom-
mendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: The alkylating agents
cyclophosphamide and chlorambucil are both effective in
the management of membranous nephropathy. Because of
growing concern about long term toxicity, especially with
cyclophosphamide, these drugs should be reserved for
patients who exhibit clinical features, such as severe or pro-
longed nephrosis, renal insufficiency, or hypertension, that
predict a high likelihood of progression to end-stage renal
disease.
European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.
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SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Membranous nephropathy: role of steroids
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GUIDELINES

There is currently no data to support the use of short-term courses of steroids as the sole therapy to prevent progressive
kidney disease in patients with membranous glomerulonephritis (MGN). (Level I evidence)

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on level III and IV evidence)
• This guideline refers to the use of steroids as sole ther-
apy for patients with membranous glomerulonephropathy.
Most studies that have successfully used alkylating agents
or cyclosporin to induce remission have used them in
combination with steroids delivered either as 2-monthly
pulses of methylprednisolone, oral prednisone 0.5 mg/kg
per 48 h, or sequential combinations therein. The optimal
route remains to be established in clinical studies.

BACKGROUND

Idiopathic MGN runs a variable course. Most patients do
well, with 10-year renal survival of 70–90%.1 Spontaneous
remissions occur in up to 65% of patients,2 sometimes
months or years after the onset of nephrotic syndrome and
a substantial percentage of patients never progress to kidney
failure. To avoid possibly unnecessary treatments, most clin-
ical studies have focused on patients thought to be at greater
risk for progressive disease. The objective of this guideline is
to evaluate the available clinical evidence pertaining to the
impact of steroid therapy on renal functional decline in
MGN with poor prognostic features.

SEARCH STRATEGY

Databases searched: MeSH terms and text words for Mem-
branous Nephropathy were combined with MeSH terms
and text words for steroids. The search was carried out in
Medline (1966 to September Week 1, 2004). The Cochrane
Renal Group Trials Register was also searched for trials of
membranous nephropathy not indexed in Medline.
Date of searches: 9 September 2004.

WHAT IS THE EVIDENCE?

There have been three large, prospective, randomised, pla-
cebo-controlled clinical trials (n = 333) using corticosteroid
as sole therapy for MGN.

• The U.S. Collaborative Study of Adult Idiopathic Neph-
rotic Syndrome,3 reported in a controlled trial of 72 adult
patients with MGN, randomised to receive 8 weeks of alter-
nate-day prednisone (100–150 mg) or placebo. Patients
receiving steroids had less proteinuria and a reduction in the
rate of progression to renal failure. Deterioration of glomer-
ular filtration rate was significantly more rapid in placebo-
treated than in prednisone-treated patients, and ultimately
10 of 38 given placebo but only one of 34 given prednisone
were in kidney failure (defined by a creatinine > 440 µmol/
L). However, patients in the placebo group had a relatively
short follow-up and their outcome was substantially worse
than non-treated patients in other studies, leading many to
criticize this study.
• The British Medical Research Trial4 used a similar pro-
tocol, except that the study also included patients with
impaired renal function (< 30 mL/min). Prednisone was
also abruptly discontinued at 8 weeks rather than tapered
(as in the US trial). A total of 107 adult patients who had
not previously received immunosuppressive treatment were
followed for a longer period of at least 3 years from treat-
ment. An additional 160 patients, excluded from the trial,
but with membranous nephropathy were identified, fol-
lowed and assessed retrospectively at the end of the trial as
a comparison group. Although there was a modest early
beneficial effect on urinary protein excretion and serum
albumin noted at 3 to 6 months, they were unable to dem-
onstrate significant benefit in creatinine clearance from ste-
roid treatment.
• The Toronto Glomerulonephritis Study Group5 assigned
patients to receive either a 6-month course of prednisone
(45 mg/m2) (n = 81) or no specific treatment (n = 77). After
a median follow-up of 48 months, like the British study,
renal outcomes were similar in the two groups with respect
to progression to kidney disease.

Two meta-analyses of these randomised trials confirmed
both a lack of beneficial effect on total mortality or end-
stage kidney disease (ESKD) in patients treated with gluco-
corticoids (RR 0.88, 95%CI: 0.39–1.97, P = 0.75).6,7 In
addition, glucocorticoids had no effect on partial or com-
plete remission.

Each of the three studies that make up the bulk of
patients in the meta-analysis used a relatively brief course of
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steroids to treat a disease with a slow and indolent course.
This has led some to question the conclusions based on
short-term interventions.
• A recent small trial has looked specifically at the out-
come of long-term steroid treatment. Polenakovik et al8

studied patients with stage II to III membranous nephropa-
thy with proteinuria more than 2.5 g/d, without hyperten-
sion and kidney failure. Ten patients were not treated,
13 were treated with only steroids, 13 with alternate-day
steroids and chlorambucil. The follow-up period was
5–10 years. A significant decrease in proteinuria was noted
both in patients treated with steroids alone and in patients
treated with steroids and chlorambucil. Compared with
patients treated with steroids (15.3%) and patients treated
with steroids and chlorambucil (15.3%), untreated patients
had a high frequency of chronic kidney failure after 5 years
of follow-up (70%) and had a significant increase in mean
serum creatinine.

This data remains to be reproduced in larger trials. Pro-
longed treatment also carries the risk of significant toxicity,
including change in appearance, weight gain, diabetes and
bone loss, even when delivered as alternate-day therapy.

SUMMARY OF THE EVIDENCE

There is no data to support the short-term use of steroids on
their own for the treatment of patients with nephrotic
syndrome and idiopathic membranous MGN.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No recom-
mendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: There is no benefit of
either a short or prolonged course of oral, alternate-day ste-
roids for either inducing remission of nephrotic syndrome or
preserving renal function in patients with membranous
nephropathy. Corticosteroids should not be used as sole
therapy.9

European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Table 3 Results for continuous outcomes

Table 4 Results for dichotomous outcomes

December 200510S5Original ArticlePrevention of Progression of Kidney DiseaseThe CARI Guidelines

Study ID 
(author, year) Outcomes

Intervention group
(mean [SD])

Control group
(mean [SD])

Difference in means  
[95% CI]

Cameron et al, 1990 Serum Cr (µmol/L) at 
36 mo

251 (165.83) 203 (163.94) 48.00 (95%CI: −21.30, 117.30)

Serum Cr (µmol/L) 
including those on 
dialysis as 1000 µmol/L
plasma creatinine

317 (263.27) 297 (169.56) 20.00 (95%CI: −69.15, 109.15)

Cr clearance (mL/min) 
at 36 mo

75 (41.31) 67 (43.28) 8.00 (95%CI: −9.88, 25.88)

24-h urine protein 
(g/24 hr)

5.6 (4.59) 5.6 (4.59) 1.10 (95%CI: −0.84, 3.04)

Serum albumin (g/L) 34 (8.52) 35 (5.90) −1.00 (95%CI: −4.10, 2.10)

Study ID 
(author, year) Outcomes

Intervention
group 

(number of
patients

with events/
number of
patients
exposed)

Control
group 

(number of
patients

with events/
number of
patients

not exposed)
Relative risk (RR) 

[95% CI]
Risk difference (RD)  

[95% CI]

AINS 
Collaborative,
1979

Complete/partial
remission

22/34 11/38 2.24 (95%CI: 1.28, 3.90) 0.36 (95%CI: 0.14, 0.57)

Complete 
remission

4/34 4/38 1.12 (95%CI: 0.30, 4.13) 0.01 (95%CI: −0.13, 0.16)

Partial remission 8/34 3/38 0.01 (95%CI: −0.13, 0.16) 2.98 (95%CI: 0.86, 10.34)
No response 22/34 31/38 0.16 (95%CI: −0.01, 0.32) 0.79 (95%CI: 0.59, 1.06)

Cameron et al,
1990

Mortality 1/52 4/51 0.25 (95%CI: 0.03, 2.12) −0.06 (95%CI: −0.14, 0.02)
In remission at 

36 mo
7/52 4/51 1.72 (95%CI: 0.53, 5.51) 0.06 (95%CI: −0.06, 0.17)

Proteinuria at 
36 mo

30/52 33/51 0.89 (95%CI: 0.65, 1.21) −0.07 (95%CI: −0.26, 0.12)

Renal failure at 
36 mo

6/52 7/51 0.84 (95%CI: 0.30, 2.33) −0.02 (95%CI: −0.15, 0.11)

Cattran et al,
1989

Progression to 
renal failure

3/77 4/81 −0.17 (95%CI: −0.37, 0.03) −0.01 (95%CI: −0.07, 0.05)

Mortality 3/77 1/81 3.16 (95%CI: 0.34, 29.69) 0.03 (95%CI: −0.02, 0.08)
Complete 

remission
16/77 19/81 0.89 (95%CI: 0.49, 1.59) −0.03 (95%CI: −0.16, 0.10)
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Membranous nephropathy: role of cyclosporin therapy
Date written: July 2005
Final submission: September 2005
Author: Merlin Thomas

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on level III and IV evidence)

What dose should be used?

• Most studies using cyclosporin have used a dose of 4–
6 mg/kg/day in divided doses, aimed at achieving a trough
level of 150 ng/mL.

How long should therapy be continued?

• The antiproteinuric response of cyclosporin is typically
seen within 2 to 4 weeks, if therapy is going to be effective.
(Level III evidence) Generally, if no response is seen in a
patient with adequate drug levels by 3 months, therapy can
be considered ineffective and discontinued.
• If remission is induced, most studies have continued
treatment for at least 12 months, although the optimal
duration of therapy remains to be established.
• In general, within 2 years of discontinuing cyclosporin,
a relapse rate between 30 and 40% is observed. This may
be responsive to reintroduction of the cyclosporin treat-
ment or a cytotoxic/corticosteroid.
• It has been suggested that more prolonged therapy or
long-term lower dose maintenance may be considered for
patients who achieve a partial remission with cyclosporin,
who are at high risk of relapse or progressive renal impair-
ment. (Level IV, anecdotal reports) However, this prac-
tice remains to be tested in any clinical studies.

BACKGROUND

Idiopathic MGN is the most common form of nephrotic
syndrome in adults. Although many patients have a benign
course or undergo spontaneous complete or partial remis-
sion, 30–40% of patients progress toward end-stage kidney
disease (ESKD) within 5–15 years,1,2 sometimes months or
years after the onset of nephrotic syndrome and a substantial

percentage of patients never progress to kidney failure. To
avoid possibly unnecessary treatments, most clinical studies
have focused on individuals who are thought to be at greater
risk for progressive disease. The objective of this guideline is
to evaluate the available clinical evidence pertaining to the
impact of cyclosporin on renal functional decline in MGN
with poor prognostic features, such as heavy proteinuria
(> 3 g/24 h), impaired renal function at presentation, dete-
riorating renal function and/or reduced response to therapy.

SEARCH STRATEGY

Databases searched: MeSH terms and text words for Mem-
branous Nephropathy were combined with MeSH terms
and text words for cyclosporine therapy. This search was car-
ried out in Medline (1966 to September Week 1, 2004).
The Cochrane Renal Group Trials Register was also
searched for trials in membranous nephropathy not indexed
in Medline.
Date of searches: 9 September 2004.

WHAT IS THE EVIDENCE?

There have been three randomised controlled trials (RCTs)
comparing cyclosporin vs. placebo or no treatment and one
of these included adding cyclosporin to a therapy based on
steroids.
• Guasch et al3 identified 17 patients with MGN and per-
sistent nephrotic range proteinuria, a rate of decline in cre-
atinine clearance in excess of 8 mL/min/year and baseline
renal impairment (creatinine clearance ∼ 50 mL/min/
1.73 m2). These patients were randomised to cyclosporin
(n = 9) or placebo. After 12 months of cyclosporin therapy,
there was significant slowing of loss of glomerular filtration
rate (GFR) in patients on cyclosporin compared to that of
the placebo-treated patients. This improvement was main-
tained in 6 of 8 patients over a mean follow-up of 21 months
after cyclosporin was discontinued.
• Braun et al4 randomised 105 patients with MGN and
persistent nephrotic range to cyclosporin and prednisone,

GUIDELINES

a. The use of cyclosporin therapy alone to prevent progressive renal injury in idiopathic membranous glomerulo-
nephritis (MGN) is not supported by current data. (Level I evidence)

b. Cyclosporin therapy in combination with steroids may be more effective than steroids alone for the induction of
remission in patients with idiopathic MGN. (Level II evidence, one RCT)
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methyl-prednisolone/chlorambucil or symptomatic treat-
ment (control group). There was no difference in rates of
remission and doubling of serum creatinine was found in
approximately 20% of patients, irrespective of treatment
modality.
• Pisoni and colleagues5 examined cyclosporin vs. conser-
vative therapy in 21 patients with idiopathic MGN and
deteriorating renal function and followed them for
12 months. In this study, there was no significant difference
in any of the study outcomes.
• Cattran et al6 randomised 51 patients with biopsy-proven
idiopathic MGN and nephrotic-range proteinuria to
26 weeks of cyclosporin treatment plus low-dose prednisone
to placebo plus prednisone. Seventy-five per cent of the
treatment group vs. 22% of the control group (P < 0.001)
had a partial or complete remission of their proteinuria by
26 weeks. Relapse occurred in 43% (n = 9) of the
cyclosporin remission group and 40% (n = 2) of the placebo
group by week 52. From this time until the end of the study
at 78 weeks, the fraction of the total population in remission
remained unchanged (cyclosporin 39%, placebo 13%,
P = 0.007). Renal insufficiency, defined as doubling of base-
line creatinine, was seen in 2 patients in each group.

In a recent meta-analysis of placebo-controlled trials of
cyclosporin/prednisolone, involving 104 randomised
patients, no clinically relevant beneficial effect was
observed.7 Nonetheless, partial remissions were more fre-
quent in cyclosporin-treated patients than in those treated
with alkylating agents (partial remission RR 1.68, 95%CI:
1.06–2.65, P = 0.03)

While some authors have suggested that cyclosporin/
prednisolone treatment can be considered an alternative to
therapy with alkylating agents, this assertion remains to be
adequately tested.

SUMMARY OF THE EVIDENCE

Cyclosporin may induce remission in patients with idio-
pathic MGN. Partial remissions may be more common in
patients treated with cyclosporin than in those treated with
alkylating agents. However, the impact of this finding on
long-term, preservation of renal function remains to be
established.

Moreover, relapse is common when the drug is
discontinued.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No
recommendation.

UK Renal Association: No recommendation.
Canadian Society of Nephrology: Cyclosporine A therapy
shows promise as an effective therapy for patients with
membranous nephropathy who are at high risk for progres-
sive renal failure. Cyclosporine A of 4 to 6 mg/kg daily for
12 months is the preferred regimen.8

European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

The ANZSN should support participation in any multina-
tional clinical trial of cyclopsorin/prednisolone in patients
with membranous nephropathy and at high risk of progres-
sive kidney disease.
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APPENDICES

Table 1 Characteristics of included studies

Table 2 Quality of randomised trials

Table 3 Results for continuous outcomes

Study ID 
(author, year) N Study design Setting Participants

Intervention 
(experimental

group)

Intervention
(control
group) 

Follow up
(months) Comments

Braun et al, 
1995
(abstract)

53 Randomised
controlled 
clinical 
trial 

Patients with
idiopathic 
membranous
nephropathy

Alkylating 
agents

No 
treatment

60 Cyclosporin

Cattran et al, 
1995

17 Randomised
controlled 
clinical 
trial

Multicentre,
Canada

17 patients with
biopsy-proven
membranous
nephropathy
with 
proteinuria

Cyclosporine Placebo 12 

Pisoni et al, 
2000
(abstract)

21 Randomised
controlled 
clinical 
trial

Patients with 
idiopathic 
membranous
nephropathy

Cyclosporine No 
treatment

Study ID 
(author, year)

Method of
allocation

concealment

Blinding

Intention-to-treat
analysis

Loss to follow
up (%) (participants) (investigators)

(outcome
assessors)

Braun et al,
1995
(abstract)

No No No No 18.6

Cattran et al,
1995

Centre stratified No Yes Not stated Unclear 0.0

Pisoni et al,
2000
(abstract)

No No No Yes 4.8

Study ID 
(author, year) Outcomes

Intervention group
(mean [SD])

Control group
(mean [SD])

Difference in means  
[95% CI]

Cattran et al, 1995 Proteinuria (g/day) 
at 12 mo

7.2 (7) 11.0 (5) −3.80 (95%CI: −9.54, 1.94)

Serum albumin (g/L)
at 12 mo

34.8 (4) 34.6 (9) 3.20 (95%CI: −3.23, 9.63)
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Treatment of secondary membranous nephropathy
Date written: July 2005
Final submission: September 2005
Author: Merlin Thomas

GUIDELINES

No recommendations possible based on Level I or II evidence

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on level III and IV evidence)
• Removal of underlying causes of membranous glomer-
ulonephritis (MGN) has been associated with clinical
remission and slowing of progression of kidney disease in
some cases.1–3 (Level IV evidence – anecdotal reports)
• Efforts should be made to identify and where possible
eradicate underlying disease in patients with secondary
MGN. (Level IV evidence, case series, variable results)
• While careful clinical and biological investigations may
detect the underlying cause of most cases of secondary
MGN, the diagnosis can be difficult in some patients. In
particular, proteinuria may antedate clinical manifesta-
tions of cancer in up to 40–45% of patients with MGN
secondary to malignancy. Consequently, elderly patients
presenting with MGN should complete an appropriate
work-up for malignancy. (Level IV evidence)

BACKGROUND

Membranous nephropathy may occur secondary to condi-
tions such as systemic lupus erythematosus (SLE), drug
therapy (gold, penicillamine, NSAIDs, etc.), hepatitis B,
malaria, schistosomiasis, syphilis and other infections, dia-
betes, thyroiditis and certain malignancies.4 In one series of
82 consecutive Caucasian adults with MGN, secondary
causes were identified in 17 patients (21%) including drugs,
malignancy in four, thyroiditis, syphilis and hepatitis B virus
infection.5 Removal of such initiating agents can induce
remission of MGN in some cases. The objective of this
guideline is to evaluate the available clinical evidence per-
taining to the impact of specific interventions on kidney
function in patients with secondary MGN. This guideline
does not address the potential advantages of diagnosing
underlying conditions that may facilitate their management
and treatment.

SEARCH STRATEGY

Databases searched: MeSH terms and text words for sec-
ondary membranous nephropathy. This search was carried

out in Medline (1966 to September Week 1, 2004). The
Cochrane Renal Group Trials Register was also searched for
trials of membranous nephropathy not indexed in Medline.
Date of searches: 9 September 2004.

WHAT IS THE EVIDENCE?

There have been no randomised controlled trials (RCTs).

SUMMARY OF THE EVIDENCE

No recommendations can be made on the basis of current
anecdotal evidence.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No recom-
mendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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GUIDELINES

No recommendations possible based on Level I or II evidence

Idiopathic membranous nephropathy: use of other therapies
Date written: July 2005
Final submission: September 2005
Author: Merlin Thomas

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on level III and IV evidence)
• While there have been mixed reports of success with a
number of agents, further evidence is required before they
can be recommended as second line therapy in membra-
nous glomerulonephritis (MGN).

Azathioprine

Studies in the treatment of idiopathic MGN have found
mixed benefits from using azathioprine combined with
corticosteroids over steroid alone.
• Baker et al1 demonstrated that the addition of oral aza-
thioprine to a regimen of intravenous pulse methylpred-
nisolone and oral prednisone could reverse or stabilize
progressive kidney failure in patients with membranous
nephropathy.
Most series have not shown any benefit (Brown et al.2).
• In a small controlled trial, five patients with the neph-
rotic syndrome due to idiopathic MGN received azathio-
prine, 2.5 mg/kg/d, while four others received placebo.
After 1 year of treatment there was no significant differ-
ence in creatinine clearance or 24- h excretion of protein
between the two groups.3

• The Sheffield Kidney Institute reviewed 58 patients
with idiopathic MGN and nephrotic-range proteinuria.4

Thirty-eight patients were treated with prednisolone
(1 mg/kg/d) and azathioprine (2 mg/kg/d) for a median
period of 26 months. Twenty patients received no specific
treatment for idiopathic MGN and served as a control
group. Neither the level of proteinuria, the rate of renal
decline nor the proportion of patients with deteriorating
renal function differed significantly between the groups.
In addition, adverse effects of immunosuppressive treat-
ment were observed in 9 patients.

Immunoglobulin

Pooled intravenous immunoglobulin in a few small series
has been shown to reduce proteinuria and stabilize renal
function in patients with resistant nephrotic syndrome.5

(Level III evidence – single study, additional selected case
series)

• Palla et al6 followed 9 patients with idiopathic MGN
following treatment with pulse doses of IgG (0.4 g/kg
body weight) for 3 consecutive days, repeated 3 times at
21-day intervals for 10 months. In 5 patients, a complete
remission of proteinuria (daily proteinuria less than 0.2 g)
was observed, and 3 patients showed partial remission
(proteinuria 2 g/day). In responder patients, clinical and
biological findings of the nephrotic syndrome disappeared
and a statistically significant increase of creatinine clear-
ance was observed.
• Yokoyama et al7 reviewed 86 patients with primary
MGN for at least 5 years. They treated 30 of these
patients with 1–3 short-term courses of low-dose intrave-
nous immune globulin (5–10 g/day) [100–150 mg/kg/
day] for 6 consecutive days. There was no difference in
the long term outcome in patients treated with intrave-
nous immunoglobulin therapy compared with patients not
receiving therapy with immunoglobulin. A subgroup of
patients with ‘homogenous type MGN with electron
microscopy findings of synchronous electron-dense depos-
its’ had earlier induction of remission.

Fludarabine

Fludadrabine has been reported to lead to remission in
some patients with MGN (Level IV evidence – anedoctal
reports).
• Treatment of refractory chronic lymphocytic leu-
kaemia (CLL) with fludarabine, a purine nucleoside
analogue, has been associated with remission of
malignancy-associated MGN.8

• Boumpas et al9 treated 7 patients with refractory
idiopathic membranous nephropathy with 6-monthly
cycles of fludarabine. Although all patients developed sig-
nificant lymphopenia, proteinuria decreased by >50% in 5
of 7 patients (P = 0.11) and glomerular filtration rate
(GFR) improved in all those with renal failure at baseline.

Mycophenolate mofetil

Mycophenolate appears to reduce proteinuria in some
patients with resistant MGN. (Level IV evidence – small
case series, variable results)
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• Zhao et al10 treated 18 patients with refractory MGN,
13 of whom achieved remission on 1.0–2.0 g/d for  3–6
months.
• Miller et al11 treated 16 nephrotic patients with MGN
with mycophenolate mofetil. Fifteen patients had steroid-
resistant disease; cytotoxic agents had failed in 6 patients
and cyclosporin therapy had failed in 5 patients. Six
patients experienced a halving of proteinuria, which
occurred after a mean duration of 6 months of therapy.
Partial remissions occurred in 2 patients. There were no
significant changes in mean values for serum creatinine
during the study.
• Briggs et al12 also described reductions in proteinuria
and stabilizing of creatine in 3 patients with MGN.
• Choi et al13 studied 17 patients with MGN including 15
with nephrotic range proteinuria and 6 with renal insuf-
ficiency. Indications for mycophenolate mofetil treatment
were steroid- (11/17), cyclosporin- (4/17) or cytotoxic
(1/17) dependency. After 5–12 months of follow-up,
there was a 61.1% reduction in protein excretion. Two
patients (13.3%), both of whom were nephrotic, achieved
a complete remission; 8 patients (60%), all of whom were
nephrotic, achieved a partial remission; and 2 patients
(13.3%), including 1 nephrotic, had increased pro-
teinuria. Eight of the 15 (53.3%) nephrotic patients
improved to subnephrotic proteinuria with treatment.
Two patients relapsed after mycophenolate mofetil was
stopped, and they both responded to re-treatment. Three
of 6 patients with renal insufficiency experienced sub-
stantial improvement in excretory renal function.
• Polenakovic et al14 gave mycophenolate mofetil 2 g/day
for 9 months to 8 patients with stage III–IV idiopathic
membranous nephropathy. Previous treatment had failed
in 5 of 8 patients (three patients had received cyclosporin
and steroids, one cyclosporin, steroids and cyclophospha-
mide and one an alternative use of steroids and chloram-
bucil). Proteinuria decreased significantly during the
treatment (P < 0.05), from 4.4 g/d at the start, to 2.0 g/
day after 3 months, and 1.9 g/day after 6 months and
9 months. Renal function improved slightly, but not signi-
ficantly (P > 0.05).

Monoclonal antibodies

Monoclonal antibodies against the cell surface antigen
CD20 of B cells may reduce proteinuria in some patients
with idiopathic MGN.

Ruggenenti et al15 followed 8 patients with idiopathic
MGN and long-lasting persistent proteinuria, following an
intravenous infusion of the anti-CD20 monoclonal anti-
body, rituximab. After 20 weeks of treatment, there was a
60% reduction in urinary proteinuria. At 12 months, pro-
teinuria decreased to £0.5 g/24 h or £ 3.5 g/24 h in two
and three patients, respectively. There was no significant
loss of renal function in any patient.

Eculizumax, a humanized monoclonal antibody that
prevents the cleavage of human complement component
C5 into its proinflammatory elements, did not appear to

have any significant effect on proteinuria or renal func-
tion in patients with membranous nephropathy, although
this Phase II study was not designed to test this outcome
and the dose required for efficacy testing may not have
been achieved.16

BACKGROUND

Many patients with progressive kidney failure from MGN
remain resistant to therapy with alkylating agents. There
have been mixed reports of success with a number of agents.
The objective of this guideline is to evaluate the available
clinical evidence pertaining to the impact of specific inter-
ventions not covered in other guidelines on declining renal
function in chronic kidney disease patients with idiopathic
MGN. The potential utility of these agents in patients with
secondary MGN is discussed in the guideline titled “Mem-
branous nephropathy: role of cyclosporin therapy.”

SEARCH STRATEGY

Databases searched: MeSH terms and text words for Mem-
branous Nephropathy were combined with MeSH terms
and text words for aziothioprine, immunoglobulin, fludara-
bine, mycophenolate mofetil and rituximab. This search
was carried out in Medline (1966 to September Week 1,
2004). The Cochrane Renal Group Trials Register was also
searched for trials in membranous nephropathy not indexed
in Medline.
Date of searches: 9 September 2004.

WHAT IS THE EVIDENCE?

There have been no randomised controlled trials (RCTs) of
these potential agents.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No recom-
mendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: No evidence for the use
of azathioprine (Level C).
European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Reflux nephropathy
Date written: July 2005
Final submission: September 2005
Author: Merlin Thomas

GUIDELINES

a. Standard surgical intervention is not superior to medical management in preventing the progression to end-stage
kidney disease (ESKD) in children with severe reflux disease. (Level I evidence)

b. Antibiotic prophylaxis is not superior to supportive care in preventing urinary tract infections or renal paren-
chymal injury in children with vesicoureteric reflux (VUR). (Level II evidence)

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on level III and IV evidence)
• A rationale for any intervention is only provided by the
risk for adverse outcomes resulting from non-intervention.
While young children with stage I or II VUR (reflux to the
ureter or renal pelvis without ureteral dilatation) occa-
sionally form new scars despite medical therapy,1 these
children are not at risk for severe renal disease and spon-
taneous resolution of the reflux occurs in approximately
80% in 5 years. As a consequence, there is no indication
for intervention in this setting to prevent progressive
kidney impairment.
• The optimal treatment (surgical vs. medical) of gross
reflux, with or without scarring, is uncertain. Given the
general lack of direct evidence that any treatment option
is superior to another, the clinician should provide parents
with information about the known benefits and harms of
available options and facilitate discussion regarding the
intervention. At present, it is not clear whether any inter-
vention for children with primary VUR confers any ben-
efit. Moreover, it is not clear whether antibiotics alone or
reimplantation surgery alone are most effective in reduc-
ing the risk of urinary tract infections (UTI) and renal
parenchymal abnormality. Because of this data and the
tendency for many cases of reflux to resolve, many
patients with reflux are initially treated on an observation
medical protocol including periodic urine cultures to
detect asymptomatic bacteriuria. Algorithms based on
parental preference have been devised2 but not as yet
tested in clinical trials.
• Although UTI does not appear to influence progression
of reflux disease, urosepsis can account for partially
reversible (acute on chronic) renal impairment. Patients
with renal impairment have an increased frequency of
septicaemia, complications and poor outcomes with uri-
nary infection. Higher proportions of women with pyelo-
nephritis have been reported to heal with renal scarring if
initiation of therapy is delayed.3 Consequently, urosepsis
should be treated early and aggressively in patients with
renal impairment (taking into account the toxicity of anti-

biotic treatments). Bacteriological clearance should also
be confirmed, as relapse is also more common in patients
with VUR.

BACKGROUND

VUR is a common problem in childhood that results in
urine passing, in a retrograde manner, into the ureter during
voiding. In some cases, this is associated with chronic renal
scarring and hypertension.4,5 The exact mechanisms for
renal damage remain to be fully delineated, although recur-
rent urinary infection may have a role.6 However, some
researchers7 have suggested that renal parenchymal abnor-
malities instead reflect underlying renal dysplasia rather
than damage following UTI.8 Consequently, there is con-
siderable disagreement regarding the best treatment to pre-
vent renal scarring. The objective of this guideline is to
summarize evidence for the utility of interventions to pre-
vent chronic renal impairment in patients with primary
VUR. This guideline does not address secondary VUR,
which results from increased bladder pressure because of
neurogenic bladder, anatomical abnormality, or outlet
obstruction.

SEARCH STRATEGY

Databases searched: MeSH terms and text words for reflux
nephropathy. This search was carried out in Medline (1966
to September Week 1, 2004). The Cochrane Renal Group
Trials Register was also searched for reflux nephropathy
trials not indexed in Medline.
Date of searches: 7 September 2004.

WHAT IS THE EVIDENCE?

Surgery vs. antibiotics

There have been 7 trials comparing long-term antibiotics
and surgical correction of VUR with antibiotics in 847 chil-
dren.9–15 A recent meta-analysis of these studies assessed the

December 200510S5Original ArticlePrevention of Progression of Kidney DiseaseThe CARI Guidelines
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utility of these interventions in preventing UTI, renal
parenchymal abnormalities, hypertension and renal func-
tion impairment.16

Risk of UTI by 1, 2 and 5 years was not significantly dif-
ferent between surgical and medical groups (by 2 years RR
1.07, 95%CI: 0.55–2.09; by 5 years RR 0.99; 95% CI: 0.79–
1.26). A significant reduction in the frequency of febrile
UTI was observed in the combined therapy groups of the
International Reflux Study (8–10%) and antibiotic only
groups (22%) (RR 0.43, 95%CI: 0.27–0.70). However, the
overall incidence of symptomatic UTI (febrile and non-
febrile) showed no significant difference in risk between
groups.

Renal parenchymal abnormalities were examined in 5 of
the 7 randomised controlled trials (RCTs) comparing long-
term antibiotics and surgical correction of VUR with anti-
biotics.8,9,11,13,14 As for UTIs, the frequency of new renal
parenchymal abnormalities or progression of existing scan
abnormalities did not differ at 4–5 years between the two
groups. In addition, there was no significant difference in
the rate of renal growth between study groups.

ESKD and hypertension were reported by the two UK
studies.13,14 Six children developed ESKD and 11 developed
hypertension during follow-up. There was no significant dif-
ference in the risk for ESKD (RR 1.07, 95%CI: 0.23–5.04)
or hypertension (RR 0.93, 95%CI: 0.25–3.42) between
treatment groups. None of these studies were powered to
detect these endpoints and follow up time was short, mean-
ing that late effects cannot be excluded. Four studies10,12–14

reported data on glomerular filtration rates (GFR). None of
these studies individually reported any significant difference
between groups.

Antibiotics vs. no treatment

There has been only one small RCT comparing antibiotic
prophylaxis with no treatment.
• Reddy et al17 randomised 43 children with newly diag-
nosed VUR grade to receive no treatment, daily antibiotic
prophylaxis or prophylaxis given on three days each week.
There was no significant difference in risk for UTI between
daily antibiotic prophylaxis and no prophylaxis (RR 0.25,
95%CI: 0.03–1.83) or between intermittent prophylaxis
and no prophylaxis (RR 0.46, 95% CI: 0.10–2.00). Simi-
larly, there was no significant difference in the risk for renal
parenchymal injury between daily antibiotic prophylaxis
and no prophylaxis (RR 0.40, 95%CI: 0.02–9.18) or
between intermittent prophylaxis and no prophylaxis (RR
0.38, 95%CI: 0.02–8.59).

SUMMARY OF THE EVIDENCE

Reflux-correction surgery has no effect on kidney size, scar-
ring, proteinuria, or the GFR when compared with patients
managed conservatively. The long-term outcome of renal
status and renal function of patients with severe reflux
appears to be independent of treatment modality. In addi-
tion, the clinical course of patients with established glom-

erulosclerosis is not altered by late surgical correction or by
infection. While the severity of reflux is the single most
important determinant of whether renal impairment will
occur, persistent reflux or recurrent infection does not
appear to be a risk factor for progressive glomerulosclerosis.
At this time, there is no evidence to indicate clear superi-
ority of either medical or surgical management for the pre-
vention of progressive kidney disease.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No recom-
mendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology: No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines:

Pediatric Vesicoureteric Reflux Guidelines Panel sum-
mary report on the management of primary vesicoureteric
reflux in children.18

Guidelines for management of children with urinary
tract infection and vesicoureteric reflux. Recommendations
from a Swedish state-of-the-art conference. Swedish
Medical Research Council.19

American Academy of Pediatrics: The Diagnosis, Treat-
ment, and Evaluation of the Initial Urinary Tract Infection
in Febrile Infants and Young Children (AC9830).20

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Focal segmental glomerulosclerosis: treatment with steroids
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GUIDELINES

While remission may be induced in patients receiving steroids, there have been no level I or II studies confirming the
efficacy of this intervention in the preservation of renal function in adults with primary focal segmental glomerulo-
sclerosis (FSGS) 

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV evidence)
• It is uncommon for patients with normal renal function
and non-nephrotic proteinuria to progress to renal impair-
ment. Consequently, steroid therapy in these patients is
currently unjustified. Nonetheless, supportive therapy
including aggressive control of blood pressure and dyslip-
idemia and blockade of the renin angiotensin system
would seem prudent. In addition, long-term follow-up is
still required to monitor for the development of adverse
indicators including nephrotic range proteinuria and
hypertension that could presage a more progressive
course. (Level IV evidence)
• Some studies have shown that, independent of the
degree of proteinuria, patients with renal dysfunction and/
or interstitial fibrosis have a significantly decreased renal
survival. (Level III evidence) This has led some to consider
a trial of steroids in FSGS with renal impairment and non-
nephrotic proteinuria in an attempt to induce remission.
However, there are currently no studies to support this
practice. In addition, nephrotic patients with renal dys-
function or interstitial fibrosis tend to be less responsive to
therapy.1 At least some of these patients have secondary
FGS (see guideline titled “FSGS – cytotoxic therapy”).
• Because of the desire to induce remission in patients
with FGS and nephrotic range proteinuria, it has been
suggested that a 6-month trial of steroid therapy may be
useful. Certainly, a prolonged course of steroids (using
prednisone doses of 0.5–2 mg/kg/day) can induce remis-
sion in between 30 and 60% of patients.1–10 However, this
intervention has not been tested in any randomized con-
trolled trial (RCT), making the accurate interpretation of
the utility of steroid therapy problematic. Moreover, many
series of patients with nephrotic syndrome have included
an unknown number of patients with steroid-reversible
nephropathy apart from FSGS, including minimal change
disease.
• The Regional Glomerulonephritis Registry Study3 pro-
spectively followed 95 adult and paediatric patients with
biopsy-proven FSGS, for a mean of 61 months from the
time of biopsy. The probability of remission with a long

duration of therapy with corticosteroids (with or without
cytotoxic drugs) was similar in adults (39%) and children
(44%) with FSGS.
• Pei et al3 also found remission could be induced with
steroid therapy in older patients (more than 60 years of
age) with FSGS. In this study, 4 of the 9 patients (44%)
who received treatment with prednisone achieved com-
plete remission for a median duration of treatment of 6
months, alone or combined with cytotoxic therapy. There
were no relapses in those patients who achieved remission
and none progressed to renal failure. No untreated
patients had a remission and 9 of the 14 untreated or non-
responders progressed. Ninety-six per cent of the patients
who had a complete remission had preservation of renal
function, whereas the probability of end-stage kidney dis-
ease (ESKD) was 45% in those who had not responded or
who were not treated. Treatment with steroids may be
effective in preserving filtration function in children with
FSGS with heavy proteinuria (> 3 g/day) (Level II
evidence).
• At least 7% of the children enrolled in the Interna-
tional Study of Kidney Diseases has FSGS (ISKDC).3 In
this study, children were given daily corticosteroids in a
dose of 60 mg/d/m2 (up to 80 mg/d) for 4 weeks followed
by 40 mg/d/m2 given on three consecutive days out of
seven for 4 weeks and then tapered off over 4 more
weeks. Many children developed remission, although
many others had remission without a diagnosis of FSGS
ever being made. Conclusions about the efficacy of com-
parative steroids in FSGS are difficult to make in the con-
text of this study. Nonetheless, this regimen has become
the standard treatment for childhood nephrotic syndrome.
• Korbet, Schwartz and Lewis1 reported a 50% response
rate in a study of 16 adult patients with nephrotic syn-
drome and FSGS. Treatment consisted of 60 mg/day of
prednisone for at least 1 month. Responses occurred by an
average of 3.75 months (range: 1–10 months), and com-
plete remission occurred at 5.75–6.75 months in the
three patients who had complete remission.
• Banfi et al5 retrospectively reviewed the management
of 59 patients with FSGS and nephrotic syndrome treated
with corticosteroids and/or immunosuppressive drugs.
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Twenty-seven patients were initially treated with corti-
costeroids alone for 9.3 months; 19 patients received cor-
ticosteroids and immunosuppressive agents associated or
every other month for 5.5 months; 13 patients received
either azathioprine or cyclophosphamide alone for
25 months. At follow-up, 60% of patients had experi-
enced complete or partial remission, most commonly after
at least 8 weeks of treatment.
• Agarwal et al6 followed 38 adult cases with biopsy-
proven FSGS and nephrotic syndrome treated with pred-
nisolone; 58% showed response (31% complete remission
and 27% partial remission).
• Rydel et al7 reported a retrospective assessment of 60
patients with nephrotic syndrome and FSGS. Thirty
patients received prednisone, at a total dose of more than
60 mg/day for a minimum of 2 months, followed by a
tapering schedule over 5–6 months. Fifteen patients
(50%) achieved a remission by 3.7 months (10 complete
remission and 5 partial remissions), with all patients
responding within 9 months. Remission was more com-
mon in patients who received a dose of 60 mg/day or more
of prednisone for a longer period of time.
• Miyata et al8 reviewed 32 patients with nephrotic syn-
drome due to FSGS treated with steroids alone. Forty-
four per cent had complete remission, 12% partial remis-
sion and 44% no response.
• Ponticelli et al10 reviewed 80 nephrotic adults with
FSGS and plasma creatinine lower than 3 mg/dL. Patients
were given corticosteroids (53 patients) or immunosup-
pressive agents (27 patients) for a median of 16 and
75 weeks, respectively. Forty-two patients responded
with complete remission (29 patients, 36%) or partial
remission (13 patients, 16%). Twenty-six patients who
did not respond were treated again. Two patients obtained
complete remission and 13 a partial remission. Overall,
70% of nephrotic adults with FSGS obtained complete or
partial remission and maintained stable renal function for
about 10 years when given a prolonged therapy with cor-
ticosteroids or immunosuppressive drugs. Patients with
collapsing glomerulopathy, a more rapidly progressive
form of FSGS, were less responsive to steroids, if at all.
• Valeri et al11 reviewed their experience with 43
patients with collapsing FSGS and found that none of the
26 patients benefited from treatment with prednisone
alone.

Some studies have suggested that patients with a glom-
erular tip lesion associated with FSGS may be more likely
to respond to steroid therapy, than those with typical scle-
rosis or collapsing glomerulopathy.12,13 However, other
studies have shown that steroid-responsiveness, rather
than histology predicts good prognosis.14

Overall, in those patients who do not receive steroid
treatment or do not respond, the rates of progression to
ESKD appear to be similar. Despite the lack of RCTs of
corticosteroids in FSGS, it seems clear that following a
prolonged course of corticosteroids some patients achieve
and sustain a remission of proteinuria, that at the very
least, has useful prognostic utility, whether or not it con-
tributes to improved renal functional outcomes.

What dose should be used?

Most clinical studies have used prednisone doses of
between 0.5 and 2 mg/kg/day to produce clinical remis-
sion. There is some evidence that doses of greater than
60 mg/day are more likely to induce remission than lower
doses. In addition, alternate-day therapy (e.g. doses
greater than or equal to 120 mg every second day) may be
equally efficacious in FSGS and minimize toxicity. (Level
III evidence)

What is the optimal duration of treatment?

Prolonged therapy (of at least 6 months) appears to be
important both to sustain remission as well as to induce it.
(Level III evidence)

How to define steroid–responsiveness?

Most steroid-responsive patients show some reduction in
protein excretion within the first few months of therapy.
The median time to clinical remission, when it occurs, is
usually 3 to 4 months and most within 6 months of
starting steroid therapy. It is therefore prudent that
treatment should continue for at least 6 months before
declaring the patient steroid-resistant. Although some
patients will have remissions after this time, others have
suggested that a lack of any decline in protein excretion
at 8 weeks in children and 12 weeks in adults is gener-
ally indicative of steroid resistance. (Level IV evidence –
anecdotal)

BACKGROUND

FSGS is one of the most common primary glomerular dis-
eases that result in renal impairment and ESKD. Patients
with nephrotic-range proteinuria appear to be at the great-
est risk of progressing to ESKD over the course of 3–6 years.
Early treatment of patients with FSGS and nephrotic syn-
drome may alter the progression of renal disease in some
patients. In particular, patients in whom a complete remis-
sion of proteinuria can be induced, may improve or stabilize
their renal function. There is also some evidence that treat-
ments that reduce proteinuria (partial remission) may also
slow disease progression.2 The objective of this guideline is
to evaluate the available clinical evidence pertaining to the
impact of steroid therapy on renal functional decline in
patients with idiopathic FSGS.

SEARCH STRATEGY

Databases searched: MeSH terms and text words for focal
segmental glomerulosclerosis were combined with MeSH
terms and text words for steroid therapy. This search was
carried out in Medline (1966 to September Week 2, 2004).
The Cochrane Renal Group Trials Register was also
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searched for trials in focal segmental glomerulosclerosis not
indexed in Medline.
Date of searches: 17 September 2004.

WHAT IS THE EVIDENCE?

There have been no RCTs of corticosteroids in FSGS.

SUMMARY OF THE EVIDENCE

While remission may be induced in patients receiving ste-
roids, and steroid responsiveness correlates with improved
outcomes, there have been no level I or II studies confirming
the efficacy of this intervention in the preservation of renal
function in individuals with primary FSGS.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No
recommendation.
UK Renal Association:  No recommendation.
Canadian Society of Nephrology: No prospective studies
have specifically assessed the use of prednisone. Reports of
case series support the use of prednisone at an initial dose of
60 mg/day for a minimum of four months; patients should
not be considered prednisone resistant until a six-month
trial of prednisone has been completed.
European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Focal segmental glomerulosclerosis: use of cyclosporin A
Date written: July 2005
Final submission: September 2005
Author: Merlin Thomas

GUIDELINES

Cyclosporin may be effective in preserving filtration function in patients with steroid-resistant focal segmental glom-
erulosclerosis (FSGS), in those with steroid dependence or in those who frequently relapse on conventional therapy.
(Level II evidence) 

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV evidence)
A number of open studies have shown that cyclosporin is
able to induce complete and partial remission in both
adults and children with steroid-resistant FSGS and ste-
roid-dependent FSGS.1,2 Partial or complete remission is
most likely in steroid-dependent FSGS, while the
response rate in steroid-resistant FSGS is variable, rang-
ing between 20 and 70% in most studies.

Cyclosporin is also associated with significant toxicity,
which means that use of this agent should be reasonably
restricted to patients at high risk of end-stage kidney
disease (ESKD), or in whom toxicity from steroid-
dependence confers a greater danger than chronic
cyclosporin therapy.

What dose should be used?

The optimal dosing and monitoring of cyclosporin in
patients with FSGS has not been fully clarified. Most
studies have effectively used doses of approximately 5 mg/
kg/day with achieved blood concentrations of 100–
200 mg/mL. (Level III evidence)

Should steroids also be used?

Most studies have also continued a low dose of steroids
while using cyclosporin. There is anecdotal evidence that
this approach may be more effective in achieving remis-
sion in children than cyclosporin alone.3

Optimal duration of therapy

A minimum effective dose of cyclosporin should be con-
tinued for at least 2 years. (Level IV evidence) Relapse is
common after tapering or discontinuing the drug. Patients
who are in complete remission for more than 1 year on
cyclosporin appear to be more likely to remain in remis-
sion if the cyclosporin is gradually tapered and discontin-

ued, rather than stopped suddenly. (Level IV evidence,
anecdotal reports)

BACKGROUND

FSGS is one of the most common primary glomerular dis-
eases that result in renal impairment and ultimately ESKD,
and 40–80% of patients do not respond to corticosteroids.
These patients are at high risk for progressive renal disease
and ESKD. In these patients, the induction of a complete or
partial remission by other agents may improve or stabilize
their renal function.4 The objective of this guideline is to
evaluate the available clinical evidence pertaining to the
impact of cyclosporin A on renal functional decline in
patients with idiopathic FSGS.

SEARCH STRATEGY

Databases searched: MeSH terms and text words for focal
segmental glomerulosclerosis were combined with MeSH
terms and text words for cyclosporin A therapy. This search
was carried out in Medline (1966 to September Week 2,
2004). The Cochrane Renal Group Trials Register was also
searched for trials in focal segmental glomerulosclerosis not
indexed in Medline.
Date of searches: 17 September 2004.

WHAT IS THE EVIDENCE?

There have been a number of small randomized studies of
adults with idiopathic FSGS and nephrotic syndrome:
• Heering et al5 randomly assigned 57 patients with idio-
pathic FSGS to receive steroids and cyclosporin (n = 34) or
steroids and chlorambucil (n = 23) for 6 months. There
were no differences in mean serum creatinine or pro-
teinuria between the groups. In addition, switching
patients receiving chlorambucil to cyclosporin failed to
improve remission rates. Interpretation of this study is
made difficult by the responsiveness to steroids alone (see
guideline titled “FSGS: treatment with steroids”) in both
groups biasing the improvement in renal parameters.

December 200510S5Original ArticlePrevention of Progression of Kidney DiseaseThe CARI Guidelines
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• Cattran et al6 studied 49 patients with steroid-resistant
FSGS, comparing 26 weeks of cyclosporin treatment plus
low-dose prednisone to placebo plus prednisone. Seventy
per cent of the cyclosporin group had a partial (9%) or com-
plete remission (61%) of their proteinuria by 26 weeks com-
pared with 4% of the placebo group (P < 0. 001). However,
60% of responders subsequently relapsed by week 78. None-
theless, there was a decrease of 50% in baseline creatinine
clearance in 25% of the cyclosporin-treated group compared
with 52% of controls, independent of other baseline demo-
graphic and laboratory variables.
• Garin et al.7 conducted a small randomized trial of
cyclosporin that included 4 patients with FSGS. Patients
were randomly allocated to a cyclosporin (5 mg/kg/d) or a
control group. After 8 weeks of therapy and 1 month with-
out cyclosporin therapy, patients in the control group were
given cyclosporin for 8 weeks and those in the cyclosporin
group became controls. Proteinuria remained unchanged
with cyclosporin treatment, while there was a significant
increase in proteinuria in the control group. Renal progres-
sion could not be tested in this brief study format or the
disease-specific impact of therapy.
• Ponticelli et al8 reported a prospective trial that com-
prised 19 patients including adults and children with prob-
able FSGS, of whom 10 received cyclosporin, and 9 were in
the control group. A biopsy diagnosis of FSGS was made if
one glomerulus with segmental hyalinosis was seen. Patients
were classified as steroid-resistant if they had no response
after only 6 weeks of prednisone therapy. The cyclosporin
dose was 5 mg/kg per day in adults and 6 mg/kg per day in
children. Treatment was stopped at 6 months in non-
responders. For responders, the dose was reduced by 25%
every 2 months so that the drug was ultimately stopped after
12 months. Three cyclosporin-treated patients attained
complete remission, and 4 had partial remissions. Three
patients in the control group had partial remissions, but
their diagnoses were not itemized in the report.
In addition, there has been one trial in children with FSGS:
• Tejani et al.9 randomised 28 children with nephrotic syn-
drome to receive either cyclosporin and low-dose pred-
nisone or high-dose prednisone alone. Thirteen of 14
children receiving combined therapy underwent remission
vs. only 8 of 14 children receiving prednisone alone
(P < 0.05). However, there was no difference between the
two groups as regards the duration of remission after discon-
tinuation of therapy. It also was not clear how many of these
patients had idiopathic FSGS.

SUMMARY OF THE EVIDENCE

Small RCTs suggest that remission can be induced in some
steroid-resistant patients and deterioration of renal function
can be slowed.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No
recommendation.
UK Renal Association: No recommendation.
Canadian Society of Nephrology:
• The use of cyclosporin at doses of approximately 5 mg/kg/
day may be effective in reducing urinary protein excretion
(grade B).
• Relapse after reducing the dose or stopping cyclosporin is
very common (grade B).
• Long-term use of cyclosporin may be required to main-
tain remission (grade D).
European Best Practice Guidelines: No recommendation.
International Guidelines: No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Table 3 Results for continuous outcomes

Table 4 Results for dichotomous outcomes

Study ID
(author, year) Outcomes

Intervention group
(mean [SD])

Control group
(mean [SD])

Difference in means 
[95% CI]

Cattran et al, 
1999

Mean slope of Cr clearance
(ml/min/yr) over study period

−5.5 (18)  −23 (39) 17.50 (95% CI: 0.12, 34.88)

Garin et al, 
1988

Urinary protein excretion at 8 wks 11.7 (8.77) 17.3 (9.90) −5.60 (95% CI: −14.76, 3.56)
Cr clearance at 8 wks 

(ml/s/1.73 m2)
1.12 (0.65) 0.87 (0.62) 0.25 (95% CI: −0.37, 0.87)

Serum albumin at 8 wks (g/L)  24 (8.49)  18 (8.49) 6.00 (95% CI: −2.32, 14.32)
Ponticelli et al,

1993
Proteinuria at 12 mo (mg/m2/hg)-(Lg) 136.1 (141.7) 157.8 (102.87) −21.70 (95% CI: −96.67, 53.27)
Serum Cr at 12 mo (µmol/L)-(lg) 107.9 (166.4) 95.5 (54.04) 12.40 (95% CI: −61.12, 85.92)
Cr clearance at 12 mo 

(ml/min/1.73 m2)-(Lg)
117.8 (57.69) 100.6 (48.38) 17.20 (95% CI: −15.27, 49.67)

Serum urea at 12 mo (mmol/L) 12.5 (10.32) 13.2 (10.90) −0.70 (95% CI: −7.23, 5.83)
Serum protein at 12 mo (g/L) 57.1 (12.20) 51.6 (7.41) 5.50 (95% CI: −0.59, 11.59)
Serum albumin at 12 mo (g/L) 31.2 (10.79) 27.5 (7.85) 3.70 (95% CI: −2.03, 9.43)
Plasma cholesterol at 12 mo (mmol/L) 0.076 (0.04) 0.094 (0.41) −0.01 (95% CI: −0.20, 0.18)

Cr, creatinine.

Study ID
(author, year) Outcomes

Intervention
group

(number of
patients

with events/
number

of patients
exposed)

Control
group 

(number of
patients

with 
events/
number

of patients 
not

exposed)
Relative risk (RR) 

[95% CI]
Risk difference (RD)  

[95% CI]

Cattran et al,
1999

Complete remission 3/26 0/23 6.22 (95% CI: 0.34, 114.42) 0.12 (95% CI: −0.02, 0.25)
Partial remission 15/26 1/23 13.27 (95% CI: 1.90, 92.79) 0.53 (95% CI: 0.33, 0.74)
ESRD 4/26 10/23 0.35 (95% CI: 0.13, 0.98) −0.28 (95% CI: −0.53, −0.04)

Garin et al, 
1988

Decrease of more 
than 20% of their
Cr clearance at 
end of trial

1/8 2/8 0.50 (95% CI: 0.06, 4.47) −0.13 (95% CI: −0.50, 0.25)

Ponticelli 
et al, 1993

Remission at 1 yr 13/22 3/19 3.74 (95% CI: 1.25, 11.19) 0.43 (95% CI: 0.17, 0.70)
Complete remission 7/22 0/19 13.04 (95% CI: 0.79, 214.34) 0.32 (95% CI: 0.11, 0.52)
Partial remission 6/22 3/19 1.73 (95% CI: 0.50, 5.98) 0.11 (95% CI: −0.13, 0.36)
Decrease in Cr 

clearance > 50% 
at 2 yrs

1/11 3/11 0.33 (95% CI: 0.04, 2.73) −0.18 (95% CI: −0.50, 0.13)

Infections 3/22 6/19 0.43 (95% CI: 0.12, 1.50) −0.18 (95% CI: −0.43, 0.07)
Gum hyperplasia 7/22 0/19 13.04 (95% CI: 0.79, 214.34) 0.32 (95% CI: 0.11, 0.52)
Hypertrichosis 3/22 0/19 6.09 (95% CI: 0.33, 110.84) 0.14 (95% CI: −0.03, 0.30)
Conjugated 

bilirubinemia
1/22 1/19 0.86 (95% CI: 0.06, 12.89) −0.01 (95% CI: −0.14, 0.13)

Headache 1/22 1/19 0.86 (95% CI: 0.06, 12.89) −0.01 (95% CI: −0.14, 0.13)
Bronchospasm 1/22 1/19 0.86 (95% CI: 0.06, 12.89) −0.01 (95% CI: −0.14, 0.13)
Parathesia 1/22 0/19 2.61 (95% CI: 0.11, 60.51) 0.05 (95% CI: −0.08, 0.17)
Extrasystoles or 

anemia
0/22 1/19 0.29 (95% CI: 0.01, 6.72) −0.05 (95% CI: −0.18, 0.08)
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Focal segmental glomerulosclerosis: cytotoxic therapy
Date written: July 2005
Final submission: September 2005
Author: Merlin Thomas

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV evidence)

Cytotoxic therapy in children with focal segmental 
glomerulosclerosis (FSGS)

Cytotoxic therapy with cyclophosphamide can induce
remission in children with steroid–dependent nephrotic
syndrome due to FSGS, or those with FSGS with steroid-
related side-effects. (Level I-II evidence, conflicting)

A number of uncontrolled studies of cytotoxic therapy
in children with FSGS have reported complete remission
in between 32% and 65% of cases.
• Hari et al1 prospectively treated 65 children with idio-
pathic steroid–resistant nephrotic syndrome and FSGS
with intravenous pulses of corticosteroids and oral cyclo-
phosphamide. Dexamethasone (5 mg/kg) or methylpred-
nisolone (30 mg/kg) were administered intravenously,
initially as 6 pulses on alternate days, followed by 4 fort-
nightly and 8 monthly pulses. Oral cyclophosphamide
therapy was given for 12 weeks and tapering doses of
prednisolone were administered for 52 weeks. Of 59
patients who completed the initial alternate-day therapy,
17 experienced complete remission with a further 8 hav-
ing partial remission. Thirty-four (57.6%) patients did
not respond to treatment. The outcome in patients receiv-
ing intravenous dexamethasone (n ==== 48) or methylpred-
nisolone (n ==== 11) was similar.
• Geary et al2 described the response to cyclophospha-
mide in 29 steroid-resistant patients with idiopathic
FSGS. Twenty of the patients were nephrotic when cyclo-
phosphamide was started. Three of the nephrotic patients
had a sustained remission of disease following treatment
with cyclophosphamide. Nine nephrotic patients had
partial responses. Of those responding, only one (1/9)
progressed to end-stage kidney disease (ESKD). By con-
trast, 7 of the 8 non-responders had reached ESKD at the
study completion.
• Tufro-McReddie et al3 described the response to cyclo-
phosphamide in 26 children presenting with idiopathic
focal glomerulosclerosis, 22 of whom were steroid-
resistant. Ten of these patients responded to cyclophos-
phamide within 16 weeks of starting therapy. Seven
patients relapsed after a cyclophosphamide-induced remis-

sion, however, remission could be induced with steroid
therapy in five of them, despite the fact that they were
previously steroid-resistant.
• Tune et al4 found progression to renal failure to be less
frequent in children treated with cyclophosphamide.
• Tune and colleagues5 reported a good response in treat-
ing steroid-resistant children with chlorambucil 0.15–
0.2 mg/kg/day. Of 32 children treated with chlorambucil,
66% had a complete remission of proteinuria.
• Banfi et al6 retrospectively reviewed the management
of 59 patients of FSGS with nephrotic syndrome treated
with corticosteroids and/or immunosuppressive drugs as
primary therapy. Twenty-seven patients were initially
treated with corticosteroids alone for 9.3 months; 19
patients received corticosteroids and immunosuppressive
agents associated or every other month for 5.5 months;
13 patients received either azathioprine or cyclophospha-
mide alone for 25 months. Remission numbers were no
different from that seen in those treated with steroid
alone, although fewer relapses and more sustained remis-
sions were noted with combination therapy.

Cytotoxic therapy in adults with FSGS

Cytotoxic therapy with cyclophosphamide can induce
remission in adults with steroid-dependent nephrotic
syndrome due to FSGS, or those with steroid-related side-
effects. (Level III-IV evidence, conflicting)

The potential role of cytotoxic therapy in the treat-
ment of FSGS is controversial. Overall, there have been a
number of small studies that suggest the addition of cyto-
toxics to prednisolone results in only an extra 10% of
those who do not respond to prednisolone alone.7

Although one study has suggested that a remission
induced by prednisolone and cyclophosphamide lasts
longer than one induced by prednisolone alone.8 (Level
III – IV evidence, conflicting results)

In adults who frequently relapse after steroid therapy
has been discontinued or require continuous steroid ther-
apy to sustain the remission, cytotoxic agents can induce
remission. (Level III – IV evidence, conflicting results)
• Ponticelli et al8 reviewed 80 nephrotic adults with
FSGS and plasma creatinine lower than 3 mg/dL. Patients
were given corticosteroids (53 patients) or immuno-
suppressive agents (27 patients) as primary therapy for a
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No recommendations can be made due to conflicting Level I and Level II evidence.
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median of 16 and 75 weeks, respectively. Forty-two
patients responded with complete remission (29 patients,
36%) or partial remission (13 patients, 16%). There were
no differences between steroid and cytotoxic groups.
• In a clinical series, Korbet et al reported that cyclo-
phosphamide given at a dose of 2 mg/kg/day resulted in
complete or partial remission in approximately 75% of
cases.9 However, in cases of steroid-resistance, cyclophos-
phamide was much less effective, with less than 25%
deriving sustained benefit from an 8 to 12 week course of
therapy. Similar results for treating FSGS with chloram-
bucil were also reported.

What dose should be used?

Where cytotoxics are to be used, therapy should be lim-
ited to a brief course only (3–4 months) because of the
risk of significant toxicity, even if reduction in proteinuria
is achieved. Most of the studies of cytotoxic therapy in
primary FSGS have used 8 weeks of therapy. (Level IV
evidence, anecdotal evidence)

Which agent, cyclophosphamide or chlorambucil?

In the absence of trials comparing cyclophosphamide with
chlorambucil in patients with FSGS, experience with
either agent and patient characteristics should be taken
into consideration when choosing which cytotoxic agent
to use. (Level IV evidence, conflicting evidence)

BACKGROUND

FSGS is one of the most common primary glomerular dis-
eases that result in renal impairment and ultimately ESKD,
and 40–80% of patients do not respond to corticosteroids.
These patients are at increased risk for progressive renal dis-
ease and ESKD. In these patients, the induction of a com-
plete or partial remission by other agents may improve or
stabilize their renal function.10 Those patients not receiving
any treatment, or failing to respond to treatment, have a
high risk of developing chronic renal failure.11 The objec-
tive of this guideline is to evaluate the available clinical evi-
dence pertaining to the impact of cytotoxic therapy used in
combination with prednisone on renal functional decline in
patients with idiopathic FSGS.

SEARCH STRATEGY

Databases searched: MeSH terms and text words for focal
segmental glomerulosclerosis were combined with MeSH
terms and text words for cyclophosphamide and antineo-
plastic agents. This search was carried out in Medline (1966
to September Week 2, 2004). The Cochrane Renal Group
Trials Register was also searched for reflux nephropathy tri-
als not indexed in Medline.
Date of searches: 17 September 2004.

WHAT IS THE EVIDENCE?

There are no randomised controlled studies of cytotoxic
therapy alone as primary therapy in FSGS in children.
There have been two studies in children with steroid–resis-
tant nephrotic syndrome including a variable number of
children with FSGS.
• In the International Study of Kidney Disease in Chil-
dren,12 60 children with biopsy-diagnosed FSGS and with
resistant nephrotic syndrome, were randomly allocated in a
clinical trial comparing prednisone 40 mg/m2 on alternate
days for a period of 12 months (control group), with the
same prednisone regimen plus a 90-day course of daily cyclo-
phosphamide, 2.5 mg/kg in a single morning dose (experi-
mental group). One-quarter of the children in each group
had complete resolution of proteinuria. The proportions of
children with increased, unchanged, and decreased pro-
teinuria by the end of the study were similar in both groups.
In addition, there was no significant difference in renal
function between the intervention groups.
• The French Society of Pediatric Nephrology13 conducted
a randomized controlled trial (RCT) comparing the efficacy
of chlorambucil (8 mg/kg) vs. a 3-month course of
cyclosporin (6 mg/kg) in inducing sustained remission in 40
children with steroid–dependent idiopathic nephrotic syn-
drome and signs of steroid toxicity. Only one of the 20
patients treated with cyclosporin remained in remission
16 months after the end of treatment; in comparison, six of
20 receiving chlorambucil were still in remission at 27–
49 months after the drug was stopped.

Two meta-analyses of children with steroid-resistant
nephrotic syndrome have been performed (again including
a variable percentage of patients with FSGS).
• Habashy et al14 found insufficient evidence to comment
on the possible effect of cytotoxic agents, although a mar-
ginal beneficial effect of oral cyclophosphamide could not
be completely excluded.
• Latta et al15 reviewed the effects of cyclophosphamide
and chlorambucil in children with relapsing steroid–sensi-
tive nephrotic syndrome, evaluating 38 studies comprising
1504 children and 1573 courses of cytotoxic drug therapy.
They concluded that there was an overall increased rate of
relapse-free survival with increasing doses of either alkylat-
ing agent, particularly in children with frequently relapsing
nephrotic syndrome compared with steroid-dependent
patients. In this study, chlorambucil appeared to have
higher rates of severe side-effects than cyclophosphamide.

The utility of cyclophosphamide and chlorambucil has
not been tested in an RCT in adults.

SUMMARY OF THE EVIDENCE

Cytotoxic therapy may be useful for inducing or maintain-
ing remission in steroid-resistant patients or children with
steroid dependence or frequent relapse. However, the data is
conflicting with one large RCT demonstrating no effect.
Moreover, any potential benefits must be balanced against
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the significant risk of toxicity when using alkylating agents
in children.

Three is no level I or II data on the efficacy of cytotoxic
therapy in adults with FSGS.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No
recommendation.
UK Renal Association:  No recommendation.
Canadian Society of Nephrology: The use of cytotoxic
therapy (cyclophosphamide and chlorambucil) may be
considered as second-line therapy but the evidence is not
conclusive.
European Best Practice Guidelines: No recommendation.
International Guidelines:  No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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Focal segmental glomerulosclerosis: correction of 
secondary causes

Date written: July 2005
Final submission: September 2005
Author: Merlin Thomas

GUIDELINES

No recommendations possible based on Level I or II evidence

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV evidence)
There are several case series documenting improvements
in proteinuria and delay in progression to end-stage
kidney disease (ESKD) following disease-specific inter-
ventions in patients with secondary focal segmental
glomerulosclerosis (FSGS). (Level IV evidence variable
response, anecdotal reports)
• Anecdotal case reports suggest the potential for dra-
matic improvement in both renal function and structure
in patients with HIV-FSGS with the use of HAART.1–3

There are currently no well-controlled studies demon-
strating the effect of long-term HAART on renal
outcomes.
• Effective therapy of the malignancy may lead to remis-
sion of proteinuria in the rare patient with tumour-
induced FSGS.
• FSGS may not regress after thymectomy in patients
with thymoma.4

• FSGS does not remit on successful elimination of the
living parasites in schistomosiasis-associated FSGS.5

• There are case reports where elimination of HCV
infection has been associated with remission of pro-
teinuria in patients with HCV–associated FSGS.6

• Obesity-associated FSGS may be improved by weight
loss7 and improvement of insulin sensitivity.8

To be most effective, therapy needs to be given to patients
with early histological lesions and mild proteinuria/renal
impairment, hence the need for prompt identification of
any underlying illness if patients are to be managed suc-
cessfully. (Level IV evidence, anecdotal reports)

BACKGROUND

FSGS may be observed in patients with other conditions.
These include a variety of immunological conditions (e.g.
lymphoproliferative disorders, thymoma), chronic infec-
tions (e.g. HCV, HIV) and disorders associated with neph-
ron depletion (e.g. vesicoureteric reflux). The objective of
this guideline is to evaluate the available clinical evidence

pertaining to the impact of disease-specific interventions on
renal functional decline in patients with secondary FSGS.
This guideline does not address the innate utility in treating
these underlying disorders.

SEARCH STRATEGY

Databases searched: MeSH terms and text words for focal
segmental glomerulosclerosis were combined with MeSH
terms relating to secondary causes. This search was carried
out in Medline (1966 to September Week 2, 2004).
Date of search: 17 September 2004.

WHAT IS THE EVIDENCE?

There have been no randomized controlled trials (RCTs).

SUMMARY OF THE EVIDENCE

No recommendations can be made.

WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No
recommendation.
UK Renal Association:  No recommendation.
Canadian Society of Nephrology:  No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines:  No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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GUIDELINES

No recommendations possible based on Level I or II evidence

SUGGESTIONS FOR CLINICAL CARE

(Suggestions are based on Level III and IV evidence)
There have been a number of case series using mycophe-
nolate mofetil in patients with resistant focal segmental
glomerulosclerosis (FSGS). Most demonstrate that
although mycophenolate mofetil can induce some reduc-
tion of proteinuria, complete remission of proteinuria is
rare. No data on long-term follow-up evaluation with this
drug are currently available.
• Cattran et al1 performed an open-label, 6-month trial
of mycophenolate mofetil in 18 patients with biopsy-
proven FSGS who were resistant to corticosteroid ther-
apy. Seventy-five per cent had also failed to respond to a
cytotoxic agent and/or a cyclosporin. A substantial
improvement in proteinuria was seen in 44% (8/18) of
patients by 6 months. However, no patient achieved com-
plete remission. In addition, relapses were common after
therapy was discontinued.
• Briggs et al2 previously reported the use of mycophe-
nolate mofetil in 7 patients, in whom a substantial
improvement in proteinuria was also observed.
• Gellermann et al3 investigated the effect of mycophe-
nolate mofetil in 7 children with a resistant nephrotic syn-
drome (6 of whom had minimal change disease and one
with FSGS). In this patient, mycophenolate mofetil
resulted in complete remission for a follow-up of
28 months.

Other therapies have been used in patients with FSGS
who prove resistant to standard treatment:
• Partial remission has been observed in a few case
reports using tacrolimus.4

• Vincristine has also been used for the treatment of
steroid- and cyclophosphamide–resistant nephrotic syn-
drome. In a series of eight cases presented by Goonasekera
et al,5 two children treated with vincristine achieved com-
plete remission associated with preserved renal function.
Another experienced transient relapses. Although studied
in primary FSGS, there may be particular advantages of
vincristine in secondary forms of nephrotic syndrome
associated with malignancy (see Guideline titled “FSGS:
cytotoxic therapy”).

• Plasma exchange, lipid apheresis and immunoadsorp-
tion have also been reported to induce remission of
proteinuria in selected patients.6–8

BACKGROUND

Despite the use of steroids, cytotoxic therapy, and
cyclosporin, some patients with idiopathic FSGS are
unable to establish or maintain sustained clinical remission
of proteinuria and progress inexorably toward end-stage
kidney disease (ESKD). The objective of this guideline is
to evaluate the available clinical evidence pertaining to
the impact of interventions not covered in other guidelines
on renal functional decline in patients with idiopathic
FSGS.

SEARCH STRATEGY

Databases searched: MeSH terms and text words for focal
segmental glomerulosclerosis were combined with MeSH
terms and text words for mycophenolate mofetil, tacrolimus,
vincristine, plasma exchange, lipid apheresis, immunoad-
sorption and other therapies. This search was carried out in
Medline (1966 to September Week 2, 2004). The Cochrane
Renal Group Trials Register was also searched for trials not
indexed in Medline.
Date of searches: 17 September 2004.

WHAT IS THE EVIDENCE?

There have been no randomized controlled trials (RCTs) of
these additional agents.

SUMMARY OF THE EVIDENCE

There is currently insufficent evidence for any specific
benefit from other therapies in the treatment of resistant
nephrotic syndrome due to focal and segmental
glomerulosclerosis.
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WHAT DO THE OTHER GUIDELINES SAY?

Kidney Disease Outcomes Quality Initiative: No
recommendation.
UK Renal Association:  No recommendation.
Canadian Society of Nephrology:  No recommendation.
European Best Practice Guidelines: No recommendation.
International Guidelines:  No recommendation.

IMPLEMENTATION AND AUDIT

No recommendation.

SUGGESTIONS FOR FUTURE RESEARCH

No recommendation.
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