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Abstract
Objectives: To propose methods for mixed treatment comparisons (MTC) based on pooled summaries of the type produced in over-
views of reviews.

Study Design and Setting: Overviews of reviews (umbrella reviews) summarize the results of multiple systematic reviews into a single
document. They report the summary estimates from the original pairwise meta-analyses and discuss them in narrative form, with the in-
tention of identifying the most effective treatment. We present methods for MTC synthesis, tailored for use with overviews of reviews.
These generate a single internally consistent summary of all the relative treatment effects and assessments of whether the summary is
consistent with the data. These methods are applied to a published overview of treatments for childhood nocturnal enuresis. We apply
the methods to both fixed-effect (FE) and random-effects (RE) meta-analyses of the original trials.

Results: The summary relative risks based on FE meta-analyses, as originally published, were highly inconsistent. Those based on RE
meta-analyses were consistent and could, given standard assumptions on comparability of treatment effects in meta-analysis, form a basis
for coherent decision making.

Conclusion: Along with the summaries from systematic reviews, MTC methods should be used in overviews to provide a single
coherent analysis of all treatment comparisons and to check for evidence consistency. � 2010 Elsevier Inc. All rights reserved.
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1. Introduction

Fifteen years ago the explosion in the number of random-
ized controlled trials created a need for the systematic review
and synthesis of evidence of intervention effectiveness [1].
More recently, this has been matched by an explosion in
the number of systematic reviews and a proliferation of treat-
ment options. There are currently over 3,000 published
reviews indexed on the Cochrane Database of Systematic
Reviews, many of which can be considered multiple reviews
of competing treatments for a single clinical condition. For
example, consider the 22 reviews of interventions for adult
smoking cessation, with approximately 42 distinct treatment
regimes analyzed in 38 separate meta-analyses for the single
outcome of abstinence at 6 months or more. This is not an iso-
lated case, further notable examples are found in the manage-
ment of asthma for adults (19 reviews) and management of
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primary hypertension in adults (9 systematic reviews indexed
and a further 10 protocols registered).

One response to the increasing volume of systematic
reviews is the overview of reviews or umbrella review
[2e4]. Overviews summarize the results of multiple system-
atic reviews addressing the effects of two or more interven-
tions for the same clinical condition into an ‘‘accessible’’
document [5]. The intended audiences for Cochrane over-
views are health care decision makers, who are approaching
the Cochrane Library for an answer to the question ‘‘which
treatment should I use for this condition?’’ [6]. Overviews
do not aim to repeat or update the literature searches, eligibil-
ity assessment, quality assessment, or evidence synthesis
from the reviews that are summarized. The Cochrane hand-
book suggests that, in most cases, overviews should simply
extract the results as reported in the component systematic
reviews and reformat them in tables or figures.

However, this simple reformatting of summary estimates
into a table can make it difficult for the decision-maker to
form a coherent judgment regarding which treatment
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Fig. 1. Network of evidence for childhood nocturnal enuresis treatments.

Each black line joining two treatments represents a direct head-to-head

comparison.

2 D.M. Caldwell et al. / Journal of Clinical Epidemiology - (2009) -

ARTICLE IN PRESS
What’s new section?

Overviews of reviews summarise results of multi-
ple systematic reviews addressing multiple treatments
for a single condition.

Current approaches for overviews can make it dif-
ficult to form a coherent judgement regarding which
treatment should be used.

A Mixed Treatment Comparison is a method for si-
multaneously comparing multiple treatments in a sin-
gle meta-analysis.

If the evidence is inconsistent, an MTC analysis
can be used to detect it; if it is not, MTC can provide
a single coherent analysis of the relative efficacy of
all treatments.

Extreme inconsistency was identified by an MTC
analysis of an overview of treatments for nocturnal
enuresis.

should be used. For example, consider the results reported
in Table 1, reproduced from the first published Cochrane
overview for childhood nocturnal enuresis [6]. This sum-
marizes the findings from seven separate systematic re-
views of 10 treatments [7e13] based on the outcome
‘‘failure to achieve 14 days consecutive dry nights.’’ It is
not immediately clear from Table 1 how the authors
reached their conclusion:
Table 1

Umbre

reporte

Contro

No trea

Enures

Enures

Enures

Enures

No trea

No trea

No trea

No trea

No trea

Abb

trainin
‘‘It appears that enuresis alarms are the most
efficacious method.’’[6]
If one considers ‘‘no treatment’’-controlled comparisons
only, then dry-bed trainingþalarm (DBTþalarm) is the most
efficacious treatment (relative risk [RR] 0.17) and not enure-
sis alarm (RR 0.38). However, note from Fig. 1 there are also
four direct, ‘‘active vs. active’’ comparisons for enuresis
alarm (vs. desmopressin, imipramine, DBT, and psychologi-
cal therapy), which generate further ‘‘indirect’’ evidence that
has the potential to alter the ranking of treatments [14e16]
but is not considered in the overview. Note that alarm reduces
lla review of enuresis treatments: pooled RR (95% CI) as

d in the original Umbrella review

l (X) Treatment (Y) RR 95% CI

tment Enuresis alarm 0.38 0.33, 0.45

is alarm DBT 1.33 0.79, 2.24

is alarm Desmopressin 0.71 0.50, 0.99

is alarm Imipramine 0.73 0.61, 0.88

is alarm Psychological therapy 0.68 0.52, 0.90

tment Psychological therapy 0.69 0.55, 0.85

tment DBT 0.82 0.66, 1.02

tment DBTþalarm 0.17 0.11, 0.28

tment Diclofenac 0.52 0.38, 0.70

tment Imipramine 0.77 0.72, 0.83

reviations: RR, relative risk; CI, confidence interval; DBT, dry-bed

g.
risk of failure in three of the comparisons; however, it is less
effective than DBT (albeit with considerable uncertainty).

Overviews can be considered mixed treatment evidence
structures, that is, they can include both direct and indirect in-
formation on relative treatment effects. Statistical methods
for analyzing multiple treatments simultaneously, in a single
meta-analysis have been available for some time [17,18]. In
this context, ‘‘indirect evidence’’ refers to evidence on treat-
ment C relative to B obtained from A vs. B and A vs. C trials.
A mixed treatment comparison (MTC) [19] or network meta-
analysis [20] refers to ensembles of trial evidence in which
direct and indirect evidence on relative treatment effects
are pooled. The objective of an MTC analysis is to combine
all the available trial evidence into an internally consistent set
of estimates whilst respecting the randomization in the evi-
dence. An MTC provides estimates of the effect of each inter-
vention relative to every other, whether or not they have been
directly compared in trials. One can also calculate the prob-
ability that each treatment is the most effective [21].

The new Cochrane handbook states that MTC analyses are
‘‘highly relevant’’ for overviews of reviews [22]. The purpose
of this article is to propose an ‘‘aggregate’’ approach to MTC
based on pooled summaries as reported in Cochrane over-
views. We use the enuresis data in Table 1 to illustrate these
methods and show how evidence consistency can be assessed
in overviews of reviews. The article is structured as follows:
we first outline the structure of the evidence network. We then
describe an extension to the Bucher et al. [16] approach for
checking evidence consistency. The ‘‘aggregate’’ MTC
model is then described. Results are presented, followed by
a discussion of possible sources of heterogeneity and
inconsistency in overviews of reviews.
2. Method

2.1. Preparing the data

The enuresis network of evidence is shown in Fig. 1.
The network is connected because there is a route (solid



Table 2

Pooled treatment effects and heterogeneity for all 10 pairwise comparisons reported in the umbrella review

LRR (S.E.) Heterogeneity (df)

Control (X) Treatment (Y) RCTs FE RE Cochran’s Q P-value I2 (%)

No treatment (1) Enuresis alarm (2) 14 �0.97 (0.08) �0.92 (0.16) 58.46 (13) !0.0001 77.8

Enuresis alarm (2) DBT (3) 3 �0.29 (0.26) 0.02 (2.06) 22.13 (2) !0.0001 91.0

Enuresis alarm (2) Desmopressin (4) 3 0.34 (0.17) 0.30 (0.17) 1.51 (2) 0.47 0.0

Enuresis alarm (2) Imipramine (5) 3 0.31 (0.09) 0.53 (0.32) 6.02 (2) 0.05 66.8

Enuresis alarm (2) Psychological therapy (6) 3 0.39 (0.14) 0.46 (0.46) 14.67 (2) 0.0007 86.4

No treatment (1) Psychological therapy (6) 3 �0.37 (0.11) �0.40 (0.43) 24.96 (2) !0.0001 92.0

No treatment (1) DBT (3) 2 �0.20 (0.11) �0.19 (0.11) 0.04 (1) 0.85 0.0

No treatment (1) DBTþalarm (7) 4 �1.77 (0.24) �1.64 (0.70) 19.16 (3) !0.0003 84.3

No treatment (1) Diclofenac (8) 2 �0.65 (0.16) �0.77 (0.56) 7.19 (1) 0.007 86.1

No treatment (1) Imipramine (5) 11 �0.26 (0.04) �0.38 (0.15) 476.63 (9) !0.0001 98.1

Note: Estimates are shown on log RR scale and from both FE (reported in original overviewdsee text) and RE meta-analyses (derived from component

systematic reviewsdsee text). Heterogeneity statistics (I2 and Cochran’s Q) and P-value as reported in the seven component systematic reviews. The standard

errors are calculated from the confidence interval in Table 1.

Abbreviations: RCTs, randomized controlled trials; LRR (S.E.), log relative risk (standard error); FE, fixed effect; RE, random effects; df, degrees of

freedom; DBT, dry-bed training; RR, relative risk.
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lines) between each treatment and all the others. There are
eight distinct treatments and 10 pairwise comparisons in the
enuresis network. Treatments are numbered 1e8 and com-
parisons formed such that the comparator treatment has
a lower numerical value than the experimental treatment.
To ensure treatments were entered consistently it was nec-
essary to use the inverse of the reported RR for four of the
pairwise comparisons (enuresis alarm vs. DBT, enuresis
alarm vs. desmopressin, alarm vs. imipramine, and alarm
vs. psychological therapy). RR and 95% confidence inter-
vals (95% CI) were log-transformed (log relative risk
[LRR]) and standard errors calculated from the CIs re-
ported in the overview (Table 2). The summary of RR cited
in the original overview was based on fixed-effect (FE)
meta-analyses. We obtained heterogeneity statistics (Q-sta-
tistic and I2) from the seven component systematic reviews
as they were not reported in the enuresis overview. Note
(Table 2) that there is an evidence of substantial heteroge-
neity in 8 out of 10 of the comparisons. Consequently, we
also conducted random-effects (RE) meta-analyses using
the DerSimonian and Laird method in Stata for all 10 pair-
wise comparisons using the event data reported in the com-
ponent systematic reviews.
CB

A

Fig. 2. A three-treatment network of evidence. All three possible ‘‘direct’’

comparisons have been made, as represented by solid black lines or

‘‘edges’’ of the triangle (‘‘loop’’ of evidence).
2.2. Checking for consistency across the enuresis
network

Suppose there are three treatments A, B and C, then dAB

is the relative effect of treatment B compared with treat-
ment A, dBC the relative effect of treatment C compared
with treatment B, and dAC is the relative effect of treatment
C compared with treatment A. Then the fundamental as-
sumption underpinning an indirect or MTC meta-analysis
is that dBC5dAC � dAB. That is, the true underlying effect
estimate of B vs. C is equal to the difference between A
vs. C and A vs. B. Equations of this sort have been called
‘‘consistency equations’’ [23].
Bucher suggested a simple method for examining con-
sistency in networks of three treatments. Suppose the data
consist of three direct LRRs bdDir

AB ;
bdDir

AC ;
bdDir

BC and their var-
iances VarDir

AB; VarDir
AC; VarDir

BC. Note in Fig. 2 how these
comparisons form a ‘‘loop’’ of evidence in which all three
‘‘edges’’ of the triangle are present. An indirect comparison
of B vs. C can be formed bdInd

BC5 bdDir
AC � bdDir

AB and the discrep-
ancy between the direct and indirect estimates forms the
measure of consistency buBC5 bdDir

BC � bdInd
BC. The null hypoth-

esis of evidence consistency ðbuBC50Þ can then be tested by
referring the test statistic zBC to a standard normal distribu-
tion, where
zBC 5
buBCffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

VarðbuBCÞ
p

and
Var
�buBC

�
5VarDir

BC þVarInd
BC 5VarDir

AB þVarDir
AC

þVarDir
BC
If the zBC statistic leads us to reject the null hypothesis at
say P !0.05, then we might conclude that there is
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inconsistency between the direct and indirect evidence.
Note that in a three-treatment network only one measure
of inconsistency is possible and inconsistency is a property
of the ‘‘loop’’ of evidence AeBeC, rather than of the indi-
vidual edges AB, AC, and BC [23].

2.3. Composite test for inconsistency

Note from Fig. 1 that there are three closed loops linking
treatment comparisons where the ‘‘indirect’’ estimate can
then be compared with the ‘‘direct’’ evidence, and thus
three possible inconsistencies in the enuresis network;

� Alarm vs. no treatmentdalarm vs. CBTdCBT vs. no
treatment;
� Alarm vs. no treatmentdimipramine vs. no treat-

mentdalarm vs. imipramine;
� Alarm vs. no treatmentdDBT vs. no treatmentd

alarm vs. DBT.

Gleser and Olkin [24], in a similar context, show how
a c2 can be constructed to provide a composite test of the
null hypothesis that evidence on all the contrasts is consis-
tent. Their test is based on a weighted least squares regres-
sion and requires matrix algebra. The enuresis evidence
network of Fig. 1 is, in fact, a special case in which there
are four independent estimates of the same contrast (the
three indirect comparisons of alarm vs. no treatment via
psychological therapy, DBT, and imipramine and the direct
comparison of alarm vs. no treatment). An approximate c2

test can therefore be constructed as follows. For M indepen-
dent estimates, bdm, m 5 1,2., of treatment effect each
with a variance Vm, an estimate of the overall average is
formed by inverse-variance weighting. With wm51=Vm

a weighted average, ~d, of the M estimates is obtained:
~d 5
XM

m 5 1

wm
bdm=

XM

m 5 1

wm
Then the following statistic can be referred to a c2

distribution, on M-1 degrees of freedom (df);
XM

m 5 1

wm

� bdm� ~d
�2

|c2
M�1
2.4. Aggregate MTC method

The MTC model used here is based on the pooled sum-
mary estimates for each pairwise comparison and assumes
consistency. The data inputs are the observed log relative
risks LRRXY and their variances s2

XY . The analysis was un-
dertaken in a Bayesian framework and was implemented
using WinBUGS (http://www.mrc-bsu.cam.ac.uk/bugs/)
[25]. The code is provided in Appendix 1. The approach
is equivalent to Gleser and Olkin [24] but offers a simple
solution in standard software, which is derived from earlier
work on MTC [19,21].
The treatments are numbered 1, 2. k. NT, with Treat-
ment 1 as the reference treatment. No treatment is used here
as the reference treatment, although the choice is arbitrary
provided the network is connected. The (NT-1) ‘‘basic’’ pa-
rameters represent the relative effect of treatment k to treat-
ment 1 and were given vague prior distributions
dk|Nð0;1002Þ, k 5 2,3.NT. The effect of each treatment k
relative to each treatment b is dbk5dk � db. A normal likeli-
hood is assumed LRRbk|Normalðdbk; s

2
bkÞ. The goodness of

fit of the model to the data can be measured by the posterior
mean of the residual deviance [26]. The residual deviance is
equal to the deviance for a given model, minus the deviance
for a saturated model. For normally distributed data, the
contribution to the deviance for each data point is given by,
Devbk 5
ðLRRbk � dbkÞ2

s2
bk
where dbk is based on the assumption of consistency.
Because the likelihood is normal, the individual contribu-
tions to the residual deviance have a c2 distribution under
the null hypothesis of consistency [27]. The sum of the in-
dividual deviance contributions provides an estimate of
overall goodness of fit that can be referred to a c2 distribu-
tion with df equal to the number of data points. In a well-
fitting model, the posterior mean of the summed deviance
contributions D should be close to the number of data
points, in this case 10.

Two ‘‘aggregate’’ MTC analyses were conducted, the first
using the FE summary LRRs derived from the RR reported in
the enuresis overview, and the second using RE summaries as
input data. The programs were run for 50,000 iterations,
15,000 of which were discarded as burn-ins. Convergence
was assessed using two chains and was achieved by 15,000
simulations based on the BrookseGelmaneRubin diagnostic
tool in WinBUGS [28].
3. Results

3.1. Composite test of inconsistency

Using Bucher’s measure of inconsistency, Table 3 com-
pares the direct estimate of alarm vs. no treatment with
each of the three indirect estimates, using (a) the summary
LRRs from the pairwise FE meta-analyses and (b) summa-
ries from pairwise RE analyses. Two of the three indirect
estimates are significantly different to the direct estimate
based on the FE summaries (Table 3a). Using the composite
test, the c2 test of the null hypothesis of no difference
between all four RR estimates gives a value of 18.8 on 3
df (P 5 0.0003). This suggests that the enuresis evidence
base is highly inconsistent using the FE summaries reported
in the overview. Using the summary LRRs estimated from
the RE analyses (Table 3b), the discrepancy is no longer
statistically significant (c2 5 0.12 on 3 df, P 5 0.98).

http://www.mrc-bsu.cam.ac.uk/bugs/


Table 3

Comparison of the direct and indirect estimates (LRR) of the effect of enuresis alarms relative to no treatment

Alarm vs. no treatment bd S.E.

Inconsistency (S.E.)

z-statistic P-valuebuBC5bdDirect
BC � bd Ind

BC

a) Based on FE summary estimates from original overview

Direct �0.97 0.08

Indirect via DBT 0.09 0.29 �1.06 (0.30) �3.54 0.00

Indirect via psychological

therapy

�0.58 0.10 �0.39 (0.13) �3.06 0.00

Indirect via Imipramine �0.76 0.18 �0.21 (0.20) �1.08 0.28

Global test: c2 5 18.8 (3df), P 5 0.0003

b) Based on RE summary estimates (as re-analyzed in Stata)

Direct �0.92 0.16

Indirect via DBT �0.23 2.04 �0.69 (2.04) �0.34 0.74

Indirect via psychological

therapy

�0.86 0.62 �0.06 (0.65) �0.09 0.93

Indirect via Imipramine �0.91 0.35 0 (0.38) 0 1

Global test: c2 5 0.12 (3df), P 5 0.98

Abbreviations: LRR, log relative risk; S.E., standard error; FE, fixed effect; DBT, dry-bed training; RE, random effects.
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3.2. MTC analysis of pooled summaries

Table 4 reports the 10 pairwise LRRs and standard devi-
ations reported in the overview (observed) and compares
them with the LRRs as estimated from the consistency
MTC model (expected) for analyses based both on FE
and RE summaries of the original trials. Note that for 3
of the 10 comparisons (asterisked in Table 4), that are not
part of evidence loops in Fig. 1, the MTC estimate is iden-
tical to the observed summary.

In the FE summaries analysis, four treatment compari-
sonsdalarm vs. no treatment, DBT vs. alarm, alarm vs.
imipramine, and DBT vs. no treatmentdshow a discrep-
ancy between the LRRs estimated in the MTC and those
observed in the review. These are also picked out by the
D statistic for ‘‘goodness of fit’’ of the model to the data
(Table 4) [26]. In a well-fitting model, the total D contribu-
tion should be close to the number of data points, in this
case 10. The summed D is 25.8, suggesting that the model
using FE summaries is fitting poorly and that the
assumption of consistency is not supported by the data.

Table 4 also reports the 10 LRRs and standard deviations
estimated from pairwise RE meta-analyses and compares
them with the LRRs estimated from the consistency MTC
model (expected). The D is 7.1, suggesting that the model
based on RE summaries could in principle form a coherent
basis for decision-making, although there are further issues
to be addressed (see discussion).

Table 5 gives the seven estimated RR and their credible
intervals for each treatment relative to no treatment, and re-
ports the probability (P[best]) each of the eight treatments
is the most effective. Note P[best] are Bayesian P-values
and their interpretation is analogous to a frequentist
P-value. DBTþalarm has a probability of being the most
effective treatment of 78%. The closest competitor is diclo-
fenac with a 13% probability of being the most effective
treatment for childhood nocturnal enuresis. Note that
although the estimated relative efficacies should form the
basis of decision-making, the probability [best] statistics,
and the distribution of rankings on which they are based,
provide considerable insight into the statistical strength of
the differences between treatments, and perhaps represent
an alternative to multiple testing. Similar statistics in a fre-
quentist analysis could be generated by bootstrapping.
4. Discussion

Overviews of reviews have thus far been mainly narra-
tive in form, presenting the summary estimates from the
original pairwise meta-analyses in the form shown in the
first three columns of Table 1, and without attempting a co-
herent, overall synthesis for a clinical decision maker. For
multiple treatment evidence structures, a coherent answer
to the treatment question ‘‘which treatment should I use
for this condition?’’ requires a single statistical analysis
providing internally consistent estimates for all possible
pairwise treatment comparisons, based on both the direct
and indirect evidence on each contrast, of the type gener-
ated by MTC synthesis [29]. Using simplified methods tai-
lored to the summary relative effect data provided in
overviews of reviews, we have shown that the evidence
base, as originally reported in the overview, is highly incon-
sistent and does not form a coherent basis for decision-
making. Moreover, when an internally consistent data
ensemble is used, based on RE summaries, the original con-
clusion that DBT is most effective is thrown into doubt.
Here DBTþalarm is most likely to be the effective
treatment, but there is a 0.22 probability that it is not.

Our purpose here is to illustrate methods rather than to
critique a particular overview, however, it is instructive to
consider how to interpret our empirical findings of inconsis-
tency in the FE summaries and apparent consistency with
the RE summaries. Before we turn to this task, note that
the assumptions made in a formal MTC analysis are also
made, implicitly, in the original enuresis overview. To use
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the data provided to answer the question ‘‘which treatment
should I use for childhood nocturnal enuresis?’’ the authors
must assume that the included trials represent a coherent
body of data in which relative treatment effects are effec-
tively identical or at least exchangeable throughout. The
danger in the informal approach currently used in over-
views of reviews is that a decision maker will form treat-
ment recommendations based on an incoherent analysis
of the available data, and more seriously will be unaware
of extreme inconsistency in the evidence base.
4.1. Potential sources of inconsistency in overviews of
reviews

A very clear result from our analysis is that the 10 sum-
mary contrasts in the original review, based on FE summa-
ries, represent a highly inconsistent set of data, whereas the
10 summaries based on RE analysis appear consistent. The
use of RE summaries would be entirely justified a priori,
given the remarkable degree of heterogeneity reported in
the original reviews (Table 2). The RE summaries appropri-
ately reflect a greater degree of uncertainty in the estimates
that serve as inputs to the MTC, with the consequence of
a reduction in the extent of conflict between the different
data sources. Unlike the FE analysis, the RE analysis could,
therefore, potentially form a coherent basis for decision
making although a number of concerns remain to be
addressed.

Firstly, although the MTC analysis based on RE summa-
ries provides an excellent fit to the data, the level of hetero-
geneity in the pairwise meta-analyses raises a series of
questions about the robustness of the MTC findings. If
the RE summaries are each a pooled average of highly het-
erogeneous trials it is legitimate to ask what exactly they
are estimates of. The heterogeneity could be a consequence
of ‘‘lumping’’ together disparate treatments or doses. Of
particular concern here are the psychological therapy com-
parators that are described as ‘‘psychotherapy/cognitive/
counseling’’ interventions and imipramine, for which dose
information is not considereddit varies from 25 mg to
75 mg depending on the age of the child [13]. If the objec-
tive is to identify the most effective treatment, one needs to
be able to specify each format of treatment, rather than
estimate the average effect of what are in fact different
treatments. Covariates, such as dose or type of psycholog-
ical therapy can readily be incorporated into an MTC via
meta-regression [30,31]. Another source of heterogeneity
is, of course, the type of patient. For example, the severity
of nocturnal enuresis and the response to treatment is likely
to vary by age; a 16-year-old with nocturnal enuresis will
require different treatment to a 5-year-old, or even a 10-
year-old. We note that the participant eligibility criteria
for the seven original systematic reviews relied on the tria-
lists’ definition of ‘‘children.’’ In one review [8] trials of
children aged 7e18 [32] and 8e14 [33] were combined
with trials of those aged 4e14 [34]. We also note that some



Table 5

Posterior median RR (95% CrI) of each treatment relative to no

treatment, and probability that each treatment is the most effective for

outcome failure to achieve 14 days consecutive dry nights

Treatment Probability (best)

RR relative to no

treatment (95% CrI)

No treatment (1) 0 1

Alarm (2) 0.08 0.40 (0.31, 0.53)

DBT (3) 0 0.82 (0.66, 1.03)

Desmopressin (4) 0 0.54 (0.35, 0.84)

Imipramine (5) 0 0.68 (0.53, 0.89)

Psychological therapy (6) 0.01 0.65 (0.35, 1.22)

DBTþalarm (7) 0.78 0.19 (0.05, 0.76)

Diclofenac (8) 0.13 0.46 (0.16, 1.38)

Abbreviations: RR, relative risk; CrI, credible intervals; DBT, dry-bed

training.
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trials that included daytime enuresis and children with an
organic cause of enuresis were included where the primary
diagnosis was nocturnal enuresis. Both treatment ‘‘lump-
ing’’ and patient heterogeneity weaken the validity and
interpretability of the MTC estimates.

Whatever the origins of the evident heterogeneity, it points
to the presence of unidentified treatment effect modifiers,
and, particularly in view of the small numbers of trials for
many of the treatment contrasts, this introduces the strong
possibility of confounding between effect modifiers and
treatment contrasts. A more fundamental concern is whether
the body of trials in the overview represent a secure basis for
a decision on ‘‘which treatment is best.’’ The treatments be-
ing compared are not likely to be suitable for all patients:
some would be for younger children, whereas others would
be more suitable for older, more severely affected patients
who had failed on the simpler treatments. The high levels
of heterogeneity among trials suggest that target populations
for the treatment decisions need to be more tightly defined.
Consequently, although DBTþalarm had the highest proba-
bility of being the most effective treatment in our analysis
we do not suggest that this is a robust conclusion.

At a technical level, it may be worth noting that ‘‘over-
views’’ can be vulnerable to biases that might generate
apparent inconsistency. The meta-analytic methods used in
the component systematic reviews should also be examined.
Computational problems can arise in meta-analysis when
observed risks are close to 0 or 1 and choice of continuity cor-
rection can bias the pooled summary [35]. Some frequently
used meta-analytic methods can be seriously biased [36]
and we note that 20 out of 35 trials in the enuresis network
had zero cells. The scale of measurement used in the enuresis
reviews also deserves reconsideration as the consistency
equation underpinning MTC assumes additivity on the
chosen scale [19]. The enuresis overview reported RR that
are known to be problematic in meta-analysis because of
the asymmetry introduced by ‘‘flipping’’ the coding of the
event (p) to the non-event (1-p) [37]. The switching of events
can have a substantial impact on reported effect size, its
significance, and observed heterogeneity [38].
Finally, it is worth considering how the ‘‘aggregate’’
level MTC described here, based on contrast summaries
from standard pairwise meta-analyses, compares to the
‘‘trial level’’ MTC analyses discussed in the literature to
date. A thorough comparison is the subject of ongoing
work, thus a detailed discussion of the advantages and dis-
advantages of both methods is beyond the scope of this ar-
ticle. Note that it is not our intention to propose aggregate
MTC as a replacement for trial level MTC. Indeed, it is our
view that trial level analysis is to be preferred for several
reasons. Firstly, the overview represents a further level of
aggregation, distancing the analyst still further from the
original individual patient data, making it harder to control
for confounders through meta-regression and other tech-
niques. Aggregate MTC may therefore be more susceptible
to the ecological fallacy [39]. Secondly, as noted above, the
contrast summaries are often generated by various kinds of
approximations. Thirdly, eight of the trials had multiple
arms, which are reported in each of the constituent reviews
without sample size adjustment. Although this is reasonable
in the original pairwise reviews it causes problems in an
overview as it involves a degree of ‘‘double-counting’’ that
exaggerates the amount of data that is consistent, and hence
leads to over estimation of consistency.

However, whilst trial-level MTC is to be preferred over
aggregate methods, overviews of reviews reporting only
pooled summaries of treatment effects are being increas-
ingly produced both by the Cochrane Collaboration and
elsewhere [3,40e42]. The methods proposed in this article
provide a simple way of checking the consistency of the es-
timates assembled by these overviews and an approximate
approach to identifying the most effective treatment.
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