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Effects of statins in patients with chronic kidney disease:
meta-analysis and meta-regression of randomised

controlled trials
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Antonio Nicolucci,? Jonathan C Craig"?

ABSTRACT

Objective To analyse the benefits and harms of statins in
patients with chronic kidney disease (pre-dialysis,
dialysis, and transplant populations).

Design Meta-analysis.

Data sources Cochrane Central Register of Controlled
Trials, Medline, Embase, and Renal Health Library (July
2006).

Study selection Randomised and quasi-randomised
controlled trials of statins compared with placebo orother
statins in chronic kidney disease.

Data extraction and analysis Two reviewers
independently assessed trials for inclusion, extracted
data, and assessed trial quality. Differences were resolved
by consensus. Treatment effects were summarised as
relative risks or weighted mean differences with 95%
confidence intervals by using a random effects model.
Results Fifty trials (30 144 patients) were included.
Compared with placebo, statins significantly reduced
total cholesterol (42 studies, 6390 patients; weighted
mean difference -42.28 mg/dl (1.10 mmol/l), 95%
confidence interval =47.25 to -37.32), low density
lipoprotein cholesterol (39 studies, 6216 patients;
-43.12 mg/dl (1.12 mmol/l), -47.85 to -38.40), and
proteinuria (g/24 hours) (6 trials, 311 patients;

-0.73 g/24 hour, -0.95 to -0.52) but did not improve
glomerular filtration rate (11 studies, 548 patients;

1.48 ml/min (0.02 ml/s), -2.32 to 5.28). Fatal
cardiovascular events (43 studies, 23 266 patients;
relative risk 0.81, 0.73 to 0.90) and non-fatal
cardiovascular events (8 studies, 22 863 patients;

0.78, 0.73 to 0.84) were reduced with statins, but statins
had no significant effect on all cause mortality (44 studies,
23 665 patients; 0.92, 0.82 to 1.03). Meta-regression
analysis showed that treatment effects did not vary
significantly with stage of chronic kidney disease. The side
effect profile of statins was similarto that of placebo. Most
of the available studies were small and of suboptimal
quality; mortality data were provided by a few large trials
only.

Conclusion Statins significantly reduce lipid concentrations
and cardiovascular end points in patients with chronic
kidney disease, irrespective of stage of disease, but no

benefit on all cause mortality or the role of statins in primary
prevention has been established. Reno-protective effects of
statins are uncertain because of relatively sparse data and
possible outcomes reporting bias.

INTRODUCTION

Cardiovascular disease accounts for the largest propor-
tion of fatalities in people with chronic kidney disease.'
Dyslipidaemia is one of several factors that have been
implicated in the increased cardiovascular risk asso-
ciated with chronic kidney disease and also in the
progression of renal damage.** Optimal management
of dyslipidaemia, particularly reduction of low density
lipoprotein cholesterol, should lead to both cardio-
vascular and renal benefits.

Clinical trials in the general population and in people
with established cardiovascular disease have found a
strong association between reducing lipid concentra-
tions and the risk of all cause mortality and cardio-
vascular mortality.’® Data in people with chronic
kidney disease have been conflicting; some observa-
tional studies in dialysis patients have shown a clear,
linear relation between low density lipoprotein cho-
lesterol and cardiovascular end points, whereas others
have not.”® Few randomised trials have been done in
patients with chronic kidney disease.

In a recent meta-analysis, Douglas et al reported the
beneficial effects of statins in patients with overt
proteinuria but not in those with microalbuminuria or
normoalbuminuria.’ Similarly, Sandhu et al reported a
slowing of the decline in glomerular filtration rate in
patients with chronic kidney disease and concomitant
cardiovascular disease, along with improvement in
proteinuria.'® The aim of our study was to evaluate the
efficacy and safety of statins for renal and cardiovascular
outcomes in all stages of chronic kidney disease.

METHODS

Inclusion criteria

We included all randomised controlled trials and
quasi-randomised controlled trials of any statin against
placebo, no treatment, or another statin in adult
patients with chronic kidney disease. We defined
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patients with chronic kidney disease as those who were
having maintenance dialysis treatment, had had renal
transplantation, had an elevated baseline mean serum
creatinine, or had an impairment of the glomerular
filtration rate along with other markers of kidney
damage such as proteinuria."'

Data sources and searches

We searched Medline, Embase, the Cochrane Central
Register, and the Renal Health Library of the
Cochrane Renal Group. Search terms covered chronic
kidney disease, dialysis, renal transplantation,
hypercholesterolaemia, hyperlipidaemia, dyslipidae-
mia, and statins. We considered randomised controlled
trials without language restriction. We searched the
reference lists of identified trials and review articles for
additional trials. We sought information about unpub-
lished and ongoing randomised controlled trials.

Data collection and analysis

Two authors independently reviewed literature
searches to identify relevant trials. We extracted data
on study sample, population characteristics, inter-
ventions, co-interventions, and methodological qual-
ity. We extracted data on the following outcomes: all
cause mortality, fatal cardiovascular and cerebro-
vascular events, non-fatal cardiovascular and cerebro-
vascular events separately, end stage renal disease,
doubling of serum creatinine concentration, lipid
concentrations at the end of treatment, creatinine
clearance and 24 hour urinary protein excretion, acute
allograft rejection rates, and adverse events.

We used relative risk to analyse dichotomous data.
We pooled risk estimates from individual trials.'?
Where continuous measurements of outcomes were
used, we calculated the weighted mean difference by
using the values of the outcome at the end of treatment.

We analysed heterogeneity across included trials.”* We
did subgroup analysis and meta-regression where possi-
ble to explore the role of potential sources of hetero-
geneity related to the participants, the agent used, and trial
quality on the effect of the interventions. We analysed
trials done in pre-dialysis, dialysis, and transplant popula-
tions separately and pooled the results when formal tests
of interaction indicated no significant difference between
the estimates from the separate groups.

Quality assessment

At least two authors independently assessed the
methodological quality of included randomised con-
trolled trials by using standard domains: allocation
concealment; blinding of investigators, participants,
and outcome assessors; use of intention to treat
analysis; completeness of follow-up.

RESULTS

Search results

The search identified 869 articles, of which we
excluded 801 trials. Full text assessment of the
remaining 68 articles resulted in identification of 50

eligible randomised controlled trials with 54 compari-
sons of statins versus placebo or no treatment
(comparisons: pre-dialysis, n=26; dialysis, n=11; trans-
plant, n=17), which included 30 144 patients.'*"'*+

Trial characteristics

All trials studied the effect of statins on lipid
concentrations and safety. The 26 randomised con-
trolled trials in pre-dialysis chronic kidney disease
enrolled participants with diabetic nephropathy (n=6),
hypertensive nephropathy (n=2), or various forms of
nephrotic and non-nephrotic glomerulonephritis. One
trial (n=20 patients) was done in patients with poly-
cystic kidney disease.*’? Fifteen of these randomised
controlled trials evaluated the potential renoprotective
effect of statins. Five randomised controlled trials in
renal transplant recipients reported biopsy proved
acute allograft rejection rates, but no trial reported the
effects on chronic allograft nephropathy.***% Liver
function tests and creatinine phosphokinase concen-
trations were the only safety parameters reported
consistently in all trials. Follow-up ranged from two
months to 60 months in all trials, and several different
statins were used.

Trial quality

The methodological quality of many trials was sub-
optimal. Concealment of allocation was adequate in 11
(22%) randomised controlled trials, clearly inadequate
in 9 (18%), and unclear in the remainder. Participants,
investigators, and outcome assessors were blinded in
only 10 (20%) randomised controlled trials, and only 10
(20%) randomised controlled trials were analysed on an
intention to treat basis. The dropout rate was less than
10% in 43 (86%) randomised controlled trials.

Effect of statins on surrogate end points in chronic kidney
disease

Total cholesterol

Total cholesterol concentrations were significantly
lower with statins than with placebo (42 comparisons,
6390 patients; weighted mean difference —42.28 mg/dl
(=1.10 mmol/1), 95% confidence interval —47.25 to
-37.32). We found significant heterogeneity for this
outcome (heterogeneity y*=804.09, I*=94.9%), which
was largely explained by the type of statin (38.42% of
heterogeneity) and the baseline cholesterol concentra-
tion (60.73% of heterogeneity; greater differences in
patients with higher baseline values). Stage of chronic
kidney disease was not an effect modifier.

Low density lipoprotein cholesterol

Low density lipoprotein cholesterol concentrations
were significantly lower with statins than with placebo
(39 comparisons, 6216 patients; weighted mean
difference —43.12 mg/dl (~1.12 mmol/l), —47.85 to
—38.40). We found significant evidence of heterogene-
ity between agents. The type of statin explained 38.42%
of existing heterogeneity in the effect of statins on total
cholesterol concentrations at the end of treatment and
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10.99% of that on low density lipoprotein cholesterol
(see bmj.com).

High density lipoprotein cholesterol

Statins had no significant effect compared with placebo
on the concentration of high density lipoprotein
cholesterol in chronic kidney disease (40 comparisons,
5621 patients; weighted mean difference 0.41 mgy/dl
(0.01 mmol/1), 0.78 to 1.60). We found considerable
heterogeneity (heterogeneity x*=693.78, 1’=94.4%), but
this was not explained by stage of chronic kidney disease.

Triglycerides
We found a significant reduction in triglyceride
concentrations with statins in comparison with placebo

(39 comparisons, 5569 patients; weighted mean
difference —23.71 mg/dl (-0.23 mmol/l), -33.52 to
—13.90) overall and separately in pre-dialysis patients
(15 comparisons, 836 patients; —28.71 mg/dl
(-0.28 mmol/1), —48.55 to —8.87) and transplant
patients (11 comparisons, 2955 patients; —25.24 mg/
dl (~0.25 mmol/1), —33.49 to —16.99) but not in dialysis
patients (13 comparisons, 1778 patients; —22.67 mg/dl
(—0.22 mmol/1), —46.80 to 1.46).

Proteinuria and creatinine clearance

We found a significant reduction in 24 hour urinary
protein excretion (g/24 h) in chronic kidney disease
(pre-dialysis) patients receiving statins compared with
placebo (6 randomised controlled trials, 311 patients;

Study or subcategory Statin Placebo Relative risk Weight Relative risk Year
n/N n/N (random) (95% CI) (%) (random) (95% CI)
Pre-dialysis patients
Rayner 1995 0/42 2/45 0.11 0.21(0.01t0 4.33) 1995
PPP 2004 436/8376 527/8448 [ ] 66.07 0.80(0.70t0 0.90) 2004
PREVEND IT 2004 4/433 4/431 0.54 1.00 (0.25t0 3.95) 2004
Lemos 2005 3/150 3/160 0.41 1.07 (0.22t0 5.20) 2005
Subtotal (95% ClI) 9001 9084 <& 67.14  0.80(0.70 to 0.90)
Total events: 423 (statin), 536 (placebo)
Test for heterogeneity: ¥?=0.96, df=3, P=0.81, 1’=0%
Test for overall effect: z=3.58, P<0.001
Dialysis patients
PERFECT study 1997 0/54 1/53 0.10 0.33(0.01t07.86) 1997
Lins 2004 0/23 1/19 0.10 0.28 (0.01 to 6.45) 2004
4D trial 2005 121/619 149/636 — 22.78 0.83(0.67t01.03) 2005
Subtotal (95% ClI) 696 708 & 22.98 0.83(0.67t01.02)
Total events: 121 (statin), 151 (placebo)
Test for heterogeneity: x2=0.80, df=2, P=0.67, 1’=0%
Test for overall effect: z=1.76, P=0.08
Transplant patients
Katznelson 1996 0/24 1/24 0.10 0.33(0.01t07.80) 1996
Kasiske 2001 2/53 0/52 0.11 4.91(0.24t0 99.82) 2001
Holdaas 2003 36/1050 54/1052 —. 6.05 0.67 (0.44t01.01) 2003
Subtotal (95% Cl) 1127 1128 ’ 6.27 0.68 (0.46 t0 1.03)
Total events: 38 (statin), 55 (placebo)
Test for heterogeneity: x=1.86, df=2, P=0.39, 1’=0%
Test for overall effect: z=1.83, P=0.07
Mixed population (pre-dialysis and dialysis patients)
Stegmayr 2005 23/70 17/73 - 3.61 1.41 (0.83t0 2.41) 2005
Subtotal (95% Cl) 70 73 - 3.61 1.41 (0.83 to 2.41)
Total events: 23 (statin), 17 (placebo)
Test for heterogeneity: not applicable
Test for overall effect: z=1.26, P=0.21
Total (95% Cl) 10 894 10993 ¢ 100.00 0.81 (0.73t0 0.90)
Total events: 605 (statin), 759 (placebo)
Test for heterogeneity: y?=8.53, df=10, P=0.58, 1’=0%
Test for overall effect: z=4.00, P<0.001 0.01 0.1 1 10 100
Favours Favours
statin placebo

Fig 1| Effect of statins compared with placebo or no treatment on cardiovascular mortality in pre-dialysis, dialysis, and transplant
patients. Only studies with at least one event are included in the plot
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Study or subcategory Statin Placebo Relative risk Weight Relative risk Year
n/N n/N (random) (95% CI) (%) (random) (95% CI)
Pre-dialysis patients
Fried 2001 0/17 1/19 = 0.05 0.37 (0.02t0 8.53) 2001
HPS 2003 182/646 268/683 E = 18.12  0.72(0.62t0 0.84) 2003
PPP 2004 1174/8376 1474/8448 | ] 54.92  0.80(0.75t00.86) 2004
PREVEND IT 2004 15/433 19/431 — 1.15 0.79 (0.40to 1.53) 2004
Lemos 2005 20/150 44/160 —a— 2.18 0.48 (0.30t0 0.78) 2005
Subtotal (95% Cl) 9622 9741 ‘ 76.43  0.75 (0.66 to 0.85)
Total events: 1391 (statin), 1806 (placebo)
Test for heterogeneity: x?=5.78, df=4, P=0.22, 1°=30.7%
Test for overall effect: z=4.58, P<0.001
Dialysis patients
4D trial 2005 205/619 246/636 - 19.33  0.86 (0.74t00.99) 2005
Subtotal (95% Cl) 619 636 ’ 19.33 0.86 (0.74 10 0.99)
Total events: 205 (statin), 246 (placebo)
Test for heterogeneity: not applicable
Test for overall effect: z=2.05, P=0.04
Transplant patients
Holdaas 2003 46/1050 66/1052 — . 3.69 0.70 (0.48t0 1.01) 2003
Subtotal (95% Cl) 1050 1052 ‘» 3.69 0.70 (0.48t0 1.01)
Total events: 46 (statin), 66 (placebo)
Test for heterogeneity: not applicable
Test for overall effect: z=1.92, P=0.05
Mixed population (pre-dialysis and dialysis patients)
Stegmayr 2005 6/70 10/73 —_— 0.56 0.63 (0.24t0 1.63) 2005
Subtotal (95% Cl) 70 73 — 0.56  0.63(0.24t01.63)
Total events: 6 (statin), 10 (placebo)
Test for heterogeneity: not applicable
Test for overall effect: z=0.96, P=0.34
Total (95% Cl) 11361 11502 ¢ 100.00 0.78 (0.73 to 0.84)
Total events: 1648 (statin), 2128 (placebo)
Test for heterogeneity: ?=7.68, df=7, P=0.36, 1°=8.9%
Test for overall effect: z=6.72, P<0.001 0.01 0.1 1 10 100
Favours Favours
statin placebo

Fig 2| Effect of statins compared with placebo or no treatment on cardiovascular events in pre-dialysis, dialysis, and transplant
patients. Only studies with at least one event are included in the plot

weighted mean difference —0.73 g/24 hour, —0.95 to
—0.52), with significant heterogeneity in this analysis
(heterogeneity x*=12.07, I’=58.6%). Creatinine clear-
ance (either in ml/min or ml/min/1.73 m? did not
change with statins in comparison with placebo (11
randomised controlled trials, 548 patients; weighted
mean difference 1.48 ml/min (0.024 ml/s), —2.32 to
5.28).

Effect of statins on patient level end points in chronic
kidney disease

All cause and cardiovascular mortality and non-fatal
cardiovascular events

We found no significant reduction in the risk of all
cause mortality with statins in chronic kidney disease
overall (44 trials, 23 665 patients; relative risk 0.92,
95% confidence interval 0.82 to 1.03). A significant

(approximately 20%) reduction in risk occurred in pre-
dialysis patients (21 trials, 18 781 patients; relative risk
0.81, 0.74 to 0.89), largely driven by the pravastatin
pooling project, but we found no statistically significant
interaction between the separate groups of pre-dialysis,
dialysis, and transplant patients (heterogeneity
1*=16.05, I’=25.2%, P=0.12 for interaction), suggesting
that stage of chronic kidney disease is not a proved
effect modifier, which makes the overall estimate of
effect the most robust.

We found a significant (approximately 20%) reduc-
tion in the risk of cardiovascular mortality (43 trials,
23 266 patients; relative risk 0.81,0.73 to 0.90), with no
statistically significant heterogeneity (heterogeneity
1*=8.45, I>=0%, P=0.23 for interaction) (fig 1) and no
apparent difference in treatment effect across pre-
dialysis, dialysis, and transplant populations.
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Compared with placebo, statins also significantly
decreased the risk of non-fatal cardiovascular events
by 20% (8 trials, 22 863 patients, relative risk 0.78,0.73
to 0.84), with no significant heterogeneity among the
studies (heterogeneity x*=7.68, 1’=8.9%) (fig 2). This
effect was consistent across pre-dialysis and dialysis
patients, with no significant interaction (P=0.18 for
interaction).

End stage renal disease and allograft rejection

We found no trials reporting end stage renal disease or
doubling of creatinine as an outcome. No significant
reduction occurred in the risk of acute allograft rejection
with statins used for three months in the immediate post-
transplant period compared with placebo (5 trials, 639
patients; relative risk 0.73, 0.49 to 1.10). We found a
significant heterogeneity among these trials (hetero-
geneity x*=8.97, I’=55.4%), which could be explained
by the different sample sizes in the included studies, the
different subsets of patients included, and the different
immunosuppressive regimens used.

Adverse effects

We found no significant increase in the risk of
abnormalities in liver function tests (26 trials, 6726
patients) or raised creatinine phosphokinase concentra-
tions (risk of rhabdomyolysis) (29 trials, 6829 patients;
relative risk 1.50, 0.86 to 2.59; heterogeneity y*=7.73,
I’=0%) for statins compared with placebo. We also
found no significant difference in the risk of withdrawal
from the study owing to adverse events for statins
compared with placebo (20 trials, 4887 patients; relative
risk 1.03, 0.84 to1.25; heterogeneity ¥*=17.79, I*=10%).

Analysis of heterogeneity

Meta-regression of heterogeneity was possible only
for the outcome of total cholesterol and low density
lipoprotein cholesterol at end of treatment. On
univariate meta-regression, the type of statin
(38.42%), baseline cholesterol concentrations
(60.73%), and allocation concealment (13.80%)
seemed to be responsible for most of the hetero-
geneity in the effect of statins on total cholesterol
concentrations; statin type (10.99%), age (19.39%),
baseline cholesterol concentrations (34.43%), and
allocation concealment (20.05%) were the major
causes of heterogeneity in the analysis of effect of
statins on low density lipoprotein cholesterol con-
centrations. The observed significant heterogeneity
by type of statin may be largely explained by the
single trial of cerivastatin."> When we excluded this
trial from the analyses, heterogeneity became non-
significant.

For both total cholesterol and low density lipoprotein
cholesterol concentrations at the end of treatment, the
multivariate meta-regression model including the type
of statin, dose of statin, age of participants, allocation
concealment, and baseline cholesterol concentrations
explained most of the identified heterogeneity in the
effect of statins versus placebo. The effect of statins on

total cholesterol and low density lipoprotein cholesterol
was dose dependent (see bmj.com).

DISCUSSION

Key findings

Our meta-analysis found that statins are associated with
lipid lowering, cardiovascular, and antiproteinuric
benefits in chronic kidney disease. They seem to be
safe in chronickidney disease, with respect to the risk of
rhabdomyolysis and hepatotoxicity and because limi-
ted withdrawals occurred in the treatment group. The
risk of cardiovascular events and cardiovascular
mortality is reduced by statin treatment in people at
different stages of chronic kidney disease, and the
magnitude of cardiovascular benefit achieved seems
broadly similar in these groups and approximates that
of statin treatment in other populations.” Although
statins have been conclusively shown to reduce
cardiovascular mortality and all cause mortality in
the general population,'®*® considerable uncertainty
has surrounded the generalisability of the findings of
these trials to people with chronic kidney disease.

Our findings support suggestions that the inverse
relations identified between lipid abnormalities and
cardiovascular outcomes in the observational studies
can be explained by reverse causality, whereby ill
health and poor nutrition separately caused both lower
cholesterol concentrations and a higher risk of death.
The results support the use of statins in people with
chronic kidney disease who have established occlusive
coronary disease or cerebrovascular disease or are at
particularly high risk of these cardiovascular events.
Controversy arises when patients have established
(stages 3-5) chronickidney disease and have notyethad
a vascular event.

In our systematic review, data on major clinical end
points were available from relatively few studies. The
small number of participating studies with substantial
numbers of these end points meant that statistical
power to detect such differences was suboptimal. That
important differences exist in the effects of statins
among people with different degrees of chronic kidney
disease remains possible. A substantial proportion of
the participants in the studies included in this meta-
analysis had established occlusive arterial disease and
may therefore benefit more than people without such
disease (primary prevention). This review did not show
a significant beneficial effect on all cause mortality.
This may be due to a type II statistical error or it may
reflect the fact that typical occlusive atherosclerotic
diseases are responsible for a minority of deaths in
people with chronic kidney disease."

The type and magnitude of the effect of statins on
lipid profiles in patients with chronic kidney disease in
this review were similar to those described in previous
meta-analyses of lipid lowering trials in chronic kidney
disease and dialysis patients,”**' as well as in patients
without chronic kidney disease. This finding is not
unexpected, as dosing of statins in chronic kidney
disease and the general population is similar.?***
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WHAT IS ALREADY KNOWN ON THIS TOPIC

WHAT THIS STUDY ADDS

treatment withdrawal

Patients with chronic kidney disease are at increased risk of cardiovascular disease
Statins reduce cardiovascular mortality and all cause mortality in the general population

The role of statins in chronic kidney disease is controversial

Statins reduce cardiovascular deaths in patients with chronic kidney disease by a similar rate
to that seen in the general population

Theefficacy of statinsin reducingall cause mortality in kidney disease patients and theirrolein
primary prevention need to be established in ongoing trials

Statins are safe as regards major side effects such as hepatotoxicity, rhabdomyolysis, and

650

The multivariate meta-regression model that
explained most of the heterogeneity in the effect of
statins compared with placebo was one that included
the type of statin (largely explained by a single trial of
cerivastatin), dose of statin, patient’s age, baseline
cholesterol concentration, and allocation concealment.

Comparison with other studies

We could not clearly confirm evidence of a renopro-
tective effect of statins in patients with pre-dialysis
chronic kidney disease, as indicated by significantly
lower values of 24 hour urinary protein excretion and
no difference in creatinine clearance in the statin
treated groups. Earlier reviews analysed the propor-
tional reduction in proteinuria, but we analysed the end
of treatment values of both treatment and placebo
groups. We also identified a trend towards a protective
effect of statins on acute renal allograft rejection, but
this may have been limited by insufficient statistical
power. Outcome reporting bias is a potential problem;
less than a quarter of trials reported creatinine data and
proteinuria. None of the available trials reported end
stage renal disease or doubling of serum creatinine as
study end points.

The beneficial effect of statins on cardiovascular end
points and some evidence of renal benefit seen in our
systematic review may be potentially explained by
cholesterol dependent effects, cholesterol independent
effects, or both. Statins may modulate cardiovascular
risk by decreasing inflammation, enhancing endo-
thelial function, inhibiting smooth muscle prolifera-
tion, exerting direct antithrombotic effects, and
stabilising pre-existing atherosclerotic plaque.**?® Sta-
tins have also recently been shown to ameliorate
vascular calcification, which is an important problem
in patients with chronic kidney disease.

Concerns have been expressed about an increased
risk of side effects of statins in patients with chronic
kidney disease.”” In this analysis of more than 6500
such patients, we did not find statins to be associated
with an increased incidence of abnormalities in liver
function tests or raised serum creatinine phospho-
kinase concentrations compared with placebo.

Strengths and weaknesses

A strength of this study is that it is the first to assess
cardiovascular, renal, and toxicity outcomes, provid-
ing a comprehensive systematic review of the benefits
and harms of statins on the basis of a pre-specified
detailed published protocol. Two independent inves-
tigators extracted and analysed data and assessed
methodological quality. The possibility of publication
bias was minimised by inclusion of both published and
unpublished trials.

The main weakness of this study was the relative
paucity of high quality randomised controlled trials. The
vast majority of studies evaluated failed to specify
whether randomisation allocation was concealed, out-
come assessors were blinded, or data were analysed on
an intention to treat basis. Many studies were small and
often shortin duration, and the results of our review were
dominated by the results of three major trials."*"'**?
Moreover, we found evidence of trial heterogeneity in
some analyses. However, we have not been able to show
any significant interaction in any analysis in which
cumulative estimates were provided, and strong agree-
ment exists between point estimates for individual
outcomes in the separate subgroups of pre-dialysis,
dialysis, and transplant patients.

Future research and ongoing trials

Our analysis confirmed the role of statins in secondary
prevention in patients with chronic kidney disease.
Trials of primary prevention with statins are ongoingin
people with greater degrees of chronic kidney disease
and lower levels of cardiovascular risk.'*?® Their
combined results will help to resolve the question of
whether higher concentrations of low density lipopro-
tein cholesterol are a cause of vascular disease in
patients with chronic kidney disease.
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ABSTRACT

Objective To determine the cost effectiveness of
Helicobacter pylori “test and treat” compared with
empirical acid suppression in the initial management of
patients with dyspepsia in primary care.

Design Randomised controlled trial.

Setting 80 general practices in the United Kingdom.
Participants 699 patients aged 18-65 who presented to
their general practitioner with epigastric pain, heartburn,
or both without “alarm symptoms” for malignancy.
Intervention H pylori *>C urea breath test plus one week of
eradication treatment if positive or proton pump inhibitor
alone; subsequent management at general practitioner's
discretion.

Main outcome measures Cost effectiveness in cost per
quality adjusted life year (QALY) (EQ-5D) and effect on
dyspeptic symptoms at one year measured with short form
Leeds dyspepsia questionnaire.

Results 343 patients were randomised to testing for

H pylori, and 100 were positive. The successful
eradication rate was 78%. 356 patients received proton
pump inhibitor for 28 days. At 12 months no significant

differences existed between the two groups in QALYs,
costs, or dyspeptic symptoms. Minor reductions in costly
resource use overthe yearinthe test and treat group “paid
back” the initial cost of the intervention.

Conclusions Test and treat and acid suppression are
equally cost effective in the initial management of
dyspepsia. Empirical acid suppression is an appropriate
initial strategy. As costs are similar overall, general
practitioners should discuss with patients at which point
to consider H pylori testing.

Trial registration Current Controlled Trials
ISRCTN87644265.

INTRODUCTION

The cost effectiveness of strategies for managing
dyspepsia have been studied in several randomised
controlled trials and summarised in a Cochrane
review." An economic model has suggested that
testing for and treating Helicobacter pylori (“test and
treat”) is cost effective, with an incremental cost
effectiveness ratio of £63 (€83; $124) per month free of
symptoms over five years, compared with
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