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Restricted network: overall mortality 



Song et al, BMJ 2011 

Inconsistency between the direct and 
indirect comparison was statistically 

significant in 16 cases  
(14%, 95% CI 9% to 22%).  
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Relative risk of myocardial infarction 

I2 = 0% 

Jüni et al, Lancet 2004 



I2 = 92% 

Reichenbach et al, Ann Intern Med 2007 
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      Posterior distribution 

  Prior distribution 



Trials 



Model 



WinBUGS Code 

model{ 

for(i in 1:23) { 

  

# likelihood 

r[i,t[i,1]] ~ dpois(lambda[i,t[i,1]])  

r[i,t[i,2]] ~ dpois(lambda[i,t[i,2]]) 

 

# evidence synthesis model 

log(lambda[i,t[i,1]]) <- log(py[i,t[i,1]]/1000) + mu[i] 

log(lambda[i,t[i,2]]) <-  

  log(py[i,t[i,2]]/1000) + mu[i] + delta[i,t[i,2]] 

 

# trial specific log rate ratio 

delta[i,t[i,1]] <- 0 

delta[i,t[i,2]] ~ dnorm(md[i,t[i,2]],tau)  

 

# mean of log rate ratio distribution 

md[i,t[i,2]] <- d[t[i,2]] - d[t[i,1]] 

}  



WinBUGS Code 

 

# vague priors for trial baselines 

for (i in 1:23){ 

 mu[i] ~ dnorm(0,0.001)  

} 

  

# vague priors for basic parameters 

d[1] <- 0  

d[2] ~ dnorm(0,0.001)   

d[3] ~ dnorm(0,0.001)  

 

# vague prior for random effects standard deviation 

sd ~ dunif(0,2)   

tau <- 1/pow(sd,2) 

tau2 <- 1/tau 

 

} 



Relative risk of myocardial infarction 

Jüni et al, Lancet 2004 
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Is there increased 
uncertainty? 



Palmerini et al, Lancet 2012 





1 estimate of inconsistency 



Not reported 

Inconsistency for remaining loops 

Heterogeneity in the network 

Goodness of fit 

Sensitivity analyses according to 

methodological quality and sample size  



Song et al, BMJ 2009 



Vejakama et al, Diabetologia 2012 

A network meta-analysis was performed 
to compare indirectly all treatment 

effects.  



Not reported 

Everything …! 
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Abst ract

Background: Indirect comparisons of competing treatments by network meta-analysis (NMA) are increasingly in use.
Reporting bias has received little attention in this context. We aimed to assess the impact of such bias in NMAs.

Methods: We used data from 74 FDA-registered placebo-controlled trials of 12 antidepressants and their 51 matching
publications. For each dataset, NMA was used to estimate the effect sizes for 66 possible pair-wise comparisons of these
drugs, the probabilities of being the best drug and ranking the drugs. To assess the impact of reporting bias, we compared
the NMA results for the 51 published trials and those for the 74 FDA-registered trials. To assess how reporting bias affecting
only one drug may affect the ranking of all drugs, we performed 12 different NMAs for hypothetical analysis. For each of
these NMAs, we used published data for one drug and FDA data for the 11 other drugs.

Findings: Pair-wise effect sizes for drugs derived from the NMA of published data and those from the NMA of FDA data
differed in absolute value by at least 100% in 30 of 66 pair-wise comparisons (45%). Depending on the dataset used, the top
3 agents differed, in composition and order. When reporting bias hypothetically affected only one drug, the affected drug
ranked first in 5 of the 12 NMAs but second (n = 2), fourth (n = 1) or eighth (n = 2) in the NMA of the complete FDA network.

Conclusions: In this particular network, reporting bias biased NMA-based estimates of treatments efficacy and modified
ranking. The reporting bias effect in NMAs may differ from that in classical meta-analyses in that reporting bias affecting
only one drug may affect the ranking of all drugs.
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Int roduct ion

Comparative effectiveness research (CER) programs have

emerged as having major potential to achieve changes in health

outcomes. CER is defined as ‘‘the generation and synthesis of

evidence that compares the benefits and harms of alternative

methods to prevent, diagnose, treat, and monitor a clinical

condition’’ [1,2]. Frequently, the many existing therapeutic

approaches for a given condition have never been compared in

head-to-head randomized controlled trials [3–6]. In contrast to

usual meta-analyses, which assess whether one specific interven-

tion is effective, adjusted indirect comparisons based on network

meta-analyses (NMAs) may better answer the question posed by all

healthcare professionals: What is the best intervention among the

different existing interventions for a specific condition?

In this framework, intervention A is compared with a

comparator C, then intervention B with C, and adjusted indirect

comparison is then presumed to allow A to be compared with B

despite the lack of any head-to-head randomized trial of A vs. B.

An NMA, or mixed-treatment comparison meta-analysis, allows

for the simultaneous analysis of multiple competing interventions

by pooling direct and indirect comparisons [7,8]. The benefit is in

estimating effects sizes for all possible pair-wise comparisons of

interventions and rank-ordering them. The last few yearshasseen

a considerable increase in the use of indirect-comparison meta-

analyses to evaluate a wide range of healthcare interventions

[9,10]. Such methodsmay have a great potential for CER [11,12],

but prior to their larger dissemination, a thorough assessment of

their limits is needed.

Reporting bias is a major threat to the validity of results of

conventional systematic reviews or meta-analyses [13–17]. Re-

porting biasencompasses various typesof bias, such aspublication

bias, when an entire study remains unreported, and selective

analysis reporting bias, when results from specific statistical

analyses are reported selectively, both depending on the

magnitude and direction of findings [17]. Several studies have

shown that the Food and Drug Administration (FDA) repository

provides interesting opportunities for studying reporting biases

PLoS ONE | www.plosone.org 1 April 2012 | Volume 7 | Issue 4 | e35219
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We assessed the impact of publication bias by comparing the

NMA results for the 51 published trials with effect sizes extracted

from FDA reviews to those for the 74 FDA-registered trials. We

assumed the differences would be attributable to publication bias

only (by construction, selective analysis reporting bias is no longer

operating). Then we assessed the impact of selective analysis

reporting biasby comparing the NMA results for the 51 published

trials with their published effect sizes to those for the 51 published

trials with effect sizes extracted from FDA reviews. We assumed

the differenceswould be attributable to selective analysis reporting

biasonly (by construction, publication bias isno longer operating).

Results

Figure 1 showsthe 2 radiating star networks, with theplacebo in

their centers, for the 74 FDA-registered trials and 51 published

trials. The proportion of trials with unpublished results varied

substantially across antidepressant agents, from 0% for fluoxetine

and paroxetine CR to 60% and 67% for sertraline and bupropion.

Separate meta-analyses of the FDA data showed decreased

efficacy for all drugs, the decrease in effect size ranging from

10% and 11% for fluoxetine and paroxetine CR to 39% and 41%

for mirtazapine and nefazodone (Table 1). Visual inspection of

funnel plotsof published data did not reveal any asymmetry in any

of the 12 comparisons of each drug and placebo (Supporting

Information, Figure S1).

Impact of reporting bias
Figure 2 showsthescatter plot of thepair-wise effect sizesfor the

66 possible pair-wise comparisons of antidepressant agents from

the NMA of the 51 published trialsagainst those from the NMA of

the 74 FDA-registered trials. The estimates differed in absolute

value by at least 100% for 30 of 66 pair-wise comparisons (45%)

and by at least 50% for 44 (67%). The median relative difference

between pair-wise effect sizes from the 2 NMAswas86.1% (25%–

75% percentile 41.4%–203.8%). We found 18 pair-wise effect

sizes of moderate magnitude (0.2–0.5) with published data but

only 3 with FDA data. Agent B was superior to agent A in the

NMA of the 51 published trials and A was superior to B in the

NMA of the 74 FDA-registered trials in 13 comparisons (20%).

Statistical significance was reached for 9 pair-wise comparisons in

the NMA of the 51 published trials and for only 2 pair-wise

comparisons in the NMA of the 74 FDA-registered trials. For

detailed results, see Supporting Information, Table S1.

Figure 3 summarizes the probabilities of being the best

antidepressant. These probabilities varied according to the

published or FDA dataset used: 30.2% or 7.3% for mirtazapine,

41.0% or 33.9% for paroxetine, 0.2% or 8.7% for paroxetine CR,

7.7% or 19.3% for venlafaxine, 14.9% or 25.7% for venlafaxine

XR. They ranged from 0% to 3.0% for the other agents

depending on the dataset used. Moreover, the top 3 agents

differed by dataset used. In the NMA of the 51 published trials,

paroxetine and mirtazapine tied for first place and venlafaxine XR

and venlafaxine tied for third; in the NMA of the 74 FDA-

registered trials, paroxetine was first, and venlafaxine and

venlafaxine XR tied for second. Paroxetine ranked first in both

analyses, and mirtazapine was pushed substantially up in the

ranking in the NMA of published trials. For complementary

graphical summaries, including a rankogram and the Surface

Under the Cumulative Ranking line for each treatment, see

Supporting Information, Figure S2, S3, S4 and S5.

Impact of reporting bias affecting only one drug
Figure 4 shows the results of the NMA assuming that reporting

biasaffected a single drug (ie, using published trialswith published

effect sizes for this drug and FDA-registered trials for all the 11

other drugs). For instance, for mirtazapine, we used the effect sizes

from 6 trial publications for this drug (out of 10 FDA-registered

trials) and the effect sizes from 64 FDA-registered trials for the

other 11 agents, which resulted in data for an incomplete network

of 70 trials. Theprobability of mirtazapine ranking first was80.6%

with analysis of the incomplete network but 7.3% with the 74

FDA-registered trials.

Figure 1. Star-shaped networks of comparisons of data from 74 US Food and Drug Administrat ion (FDA)-registered trials of 12
ant idepressan ts and their 51 related publicat ions. The central node represents the placebo, and each leaf node represents an antidepressant
agent. Each node diameter is proportional to the number of patients who received the antidepressant agent; each connecting line width is
proportional to the number of trials that addressed the comparison.
doi:10.1371/journal.pone.0035219.g001

Impact of Reporting Bias in Network Meta-Analyses
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7.7% or 19.3% for venlafaxine, 14.9% or 25.7% for venlafaxine

XR. They ranged from 0% to 3.0% for the other agents

depending on the dataset used. Moreover, the top 3 agents

differed by dataset used. In the NMA of the 51 published trials,

paroxetine and mirtazapine tied for first place and venlafaxine XR

and venlafaxine tied for third; in the NMA of the 74 FDA-

registered trials, paroxetine was first, and venlafaxine and

venlafaxine XR tied for second. Paroxetine ranked first in both

analyses, and mirtazapine was pushed substantially up in the

ranking in the NMA of published trials. For complementary

graphical summaries, including a rankogram and the Surface

Under the Cumulative Ranking line for each treatment, see

Supporting Information, Figure S2, S3, S4 and S5.

Impact of reporting bias affect ing only one drug
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Impact of Reporting Bias in Network Meta-Analyses
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Table 1. Summary effect sizes for the 12 comparisons of each antidepressant agent and placebo.

FDA data Published data Unpublished FDA data

Drug N SMD (95%CI) T2 N SMD (95%CI) T2 N SMD (95%CI) T2

Bupropion 3 0.17 [0.04; 0.31] 0.00 1 0.27 [0.01; 0.53] NA 2 0.14 [2 0.02; 0.30] NA

Citalopram 5 0.25 [0.10; 0.38] 0.00 4 0.30 [0.16; 0.44] 0.00 1 0.01 [2 0.28; 0.30] NA

Duloxetine 8 0.30 [0.21; 0.40] 0.00 6 0.40 [0.29; 0.51] 0.00 2 0.15 [2 0.05; 0.35] NA

Escitalopram 4 0.31 [0.18; 0.44] 0.00 3 0.36 [0.23; 0.48] 0.00 1 0.15 [2 0.10; 0.39] NA

Fluoxetine 5 0.26 [0.06; 0.45] 0.02 5 0.29 [0.01; 0.49] 0.02 0 - -

Mirtazapine 10 0.35 [0.17; 0.54] 0.04 6 0.57 [0.39; 0.75] 0.00 4 0.19 [2 0.17; 0.56] 0.09

Nefazodone 6 0.26 [0.12; 0.40] 0.00 4 0.44 [0.26; 0.61] 0.00 2 0.09 [2 0.17; 0.34] 0.00

Paroxetine 16 0.42 [0.30; 0.54] 0.00 10 0.59 [0.44; 0.74] 0.00 6 0.20 [2 0.00; 0.39] 0.00

Paroxetine CR 3 0.32 [0.15; 0.49] 0.00 3 0.36 [0.20; 0.51] 0.00 0 - -

Sertraline 5 0.26 [0.12; 0.39] 0.00 2 0.42 [0.24; 0.60] 0.00 3 0.18 [2 0.05; 0.40] 0.00

Venlafaxine 6 0.40 [0.24; 0.55] 0.01 5 0.51 [0.36; 0.65] 0.00 1 0.11 [2 0.21; 0.44] NA

Venlafaxine XR 3 0.40 [0.18; 0.62] 0.02 2 0.51 [0.30; 0.71] 0.00 1 0.19 [2 0.08; 0.46] NA

Weighted mean effect-size values for each drug were derived using a random-effects model with the method of DerSimonian and Laird. N: number of trials; SMD

(95%CI): summary standardized mean difference of drug vs. placebo derived from random effects meta-analysis (95% confidence interval); T2 (SE): between-trial

variance as a measure of heterogeneity in meta-analysis (standard error); NA: not assessable.

doi:10.1371/journal.pone.0035219.t001

Figure 2. Scatterplot of est imates of relat ive efficacy for 66
pair-wise comparisons of the 12 ant idepressant agents with
one another derived from network meta-analyses of data from
74 FDA-registered trials and their 51 trial publicat ions. Data are
effect sizes. Positive effect sizes indicate that drug A has higher efficacy
than drug B. The two areas above the uppermost dotted line (labeled
+100%) and below the lowest dotted line (labeled 2 100%) correspond
to cases in which an effect size derived from the network meta-analysis
of the 51 published trials differed in absolute value from that derived
from the network meta-analysis of the 74 FDA-registered trials by at
least 100%. The two areas between the 2 upper dotted lines (labeled
+50%) and between the 2 lower dotted lines (labeled 2 50%)
correspond to cases in which an effect size derived from the network
meta-analysis of the 51 published trials differed in absolute value from
that derived from the network meta-analysis of the 74 FDA-registered
trials by at least 50%. Red-colored points refer to cases in which agent B
was superior to agent A by one network meta-analysis and A was
superior to B by the other network meta-analysis.
doi:10.1371/journal.pone.0035219.g002

Figure 3. Probabilit ies that each ant idepressant drug is the
best according to network meta-analyses of data from 74 FDA-
registered trials or 51 published trials with published effect
sizes. For instance, for mirtazapine, the probability of being the best
was 7.3% and 30.2% according to network-meta-analysis of the 74 FDA-
registered trials and 51 published trials with published effect sizes,
respectively. Drugs for which the probability of being the best was
, 5% for both published and FDA data are not labeled (blue area).
doi:10.1371/journal.pone.0035219.g003

Impact of Reporting Bias in Network Meta-Analyses
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When a single drug was hypothetically affected by reporting

bias, this drug was in most cases strongly favored. The increase in

probability of being the best obtained from the NMA of the

incomplete FDA network rather than that of the 74 FDA-

registered trials varied from 0.7 to 73.3 percentage points. The

agent affected by reporting bias ranked first in 5 of the 12 NMAs

but second (n = 2), fourth (n = 1) or eighth (n = 2) in the NMA of

the whole network of 74 FDA-registered trials. In addition, the

ranking of other drugs could be modified. In 6 of the 12 NMAs,

the top 3 agentsdiffered from those in the NMA of the FDA data,

whereasonly small modifications to drug rankingsoccurred in 5 of

the 12 NMAs.

Impact of publication bias and selective analysis

report ing bias
For publication bias, effect sizes obtained from the NMA of the

51 published trials with FDA effect sizes and the NMA of the 74

FDA-registered trials differed by at least 100% in 19 of 66

comparisons (29%) and by at least 50% in 36 (55%). The median

relative difference between pair-wise effect sizes from these 2

NMAs was 60.6% (25%–75% percentile 28.5%–103.3%).

Similarly, for selective analysis reporting bias, effect sizes

obtained from the NMA of the 51 published trials with published

effect sizes and the NMA of the 51 published trials but with FDA

effect sizesdiffered by at least 100% in 21 of 66 comparisons (32%)

and by at least 50% in 35 (53%). The median relative difference

between pair-wise effect sizes from these 2 NMAs was 56.2%

(25%–75% percentile 16.3%–135.7%).

Discussion

In this study, we assessed the impact of reporting bias on the

results of NMAs, using as an example FDA-registered placebo-

controlled trials of antidepressants and their matching publica-

tions. First, we found substantial differences in the estimates of the

relative efficacy of competing antidepressants derived from the

NMAs of FDA and published data. For about half the pair-wise

drug comparisons, effect sizes from the NMA of published data

differed, in absolute value, by at least 100% from that from the

NMA of FDA data. The rank-order of efficacy was also affected,

with differences in the probability of being the best agent. Second,

reporting biasaffecting only one drug may affect the ranking of all

drugs. Third, publication biasand selective-analysis reporting bias

both contribute to these results.

Our research, based on FDA-registered trials of antidepressants

and their matching publications, aimed not to compare antide-

pressant agentsagainst each other but, rather, to assess the impact

of reporting bias in NMA. We used the dataset already described

and published previously by Turner et al. [19] because to our

knowledge it is the only one available offering the opportunity to

evaluate the impact of reporting bias on NMA. Other studies

compared FDA and published data but they did not cover all

Figure 4. Probabil it ies of being the best among compet ing ant idepressant agents when report ing bias affects one specific agent.
The first stacked bar at the left corresponds to the network meta-analysis free of reporting biases (ie, with the data from the 74 FDA-registered trials).
The other stacked bars correspond to the 12 network meta-analyses in which reporting bias hypothetically affects one specific agent in turn. For
instance, for mirtazapine, we used the 6 published trials (out of 10 FDA-registered trials), with published effect sizes, and data from the 64 FDA-
registered trials for the other 11 agents, which resulted in an incomplete FDA network of 70 trials; the probability of mirtazapine being the best was
80.6% with data from the incomplete FDA network and 7.3% with data from the 74 FDA-registered trials. For the sake of clarity, we presented in each
analysis the 3 drugs with the 3 highest probabilities of being the best among competing antidepressant agents. Bup: Bupropion; Cit: Citalopram; Dul :
Duloxetine ; Esc: Escitalopram; Flu: Fluoxetine; Mir: Mirtazapine ; Nef: Nefazodone ; Par: Paroxetine; Par CR: Paroxetine CR; Ser: Sertraline; Ven:
Venlafaxine; VenXR: Venlafaxine XR.
doi:10.1371/journal.pone.0035219.g004

Impact of Reporting Bias in Network Meta-Analyses

PLoS ONE | www.plosone.org 5 April 2012 | Volume 7 | Issue 4 | e35219

Effect of reporting biases 
affecting single drugs  



Conclusions 

Potential of clinically useful syntheses 
of evidence  

Same pitfalls as in traditional meta-
analyses … and a few more 

Quality of reporting even more crucial 
than in traditional meta-analysis 

Beware of star-shaped NWMAs!  




