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Abstract

Background The transitivity assumption is the cornerstone of network meta-analysis (NMA). Violating transitivity
compromises the credibility of the indirect estimates and, by extent, the estimated treatment effects of the compari-
sons in the network. The present study offers comprehensive empirical evidence on the completeness of reporting
and evaluating transitivity in systematic reviews with multiple interventions.

Methods We screened the datasets of two previous empirical studies, resulting in 361 systematic reviews with NMA
published between January 2011 and April 2015. We updated our evidence base with an additional 360 systematic
reviews with NMA published between 2016 and 2021, employing a pragmatic approach. We devised assessment
criteria for reporting and evaluating transitivity using relevant methodological literature and compared their reporting
frequency before and after the PRISMA-NMA statement.

Results Systematic reviews published after PRISMA-NMA were more likely to provide a protocol (odds ratio (OR):
3.94,95% Cl: 2.79-5.64), pre-plan the transitivity evaluation (OR: 3.01, 95% Cl: 1.54-6.23), and report the evaluation
and results (OR: 2.10, 95% Cl: 1.55-2.86) than those before PRISMA-NMA. However, systematic reviews after PRISMA-
NMA were less likely to define transitivity (OR: 0.57, 95% Cl: 0.42-0.79) and discuss the implications of transitivity (OR:
048, 95% Cl: 0.27-0.85) than those published before PRISMA-NMA. Most systematic reviews evaluated transitivity sta-
tistically than conceptually (40% versus 12% before PRISMA-NMA, and 54% versus 11% after PRISMA-NMA), with con-
sistency evaluation being the most preferred (34% before versus 47% after PRISMA-NMA). One in five reviews inferred
the plausibility of the transitivity (22% before versus 18% after PRISMA-NMA), followed by 11% of reviews that found
it difficult to judge transitivity due to insufficient data. In justifying their conclusions, reviews considered mostly

the comparability of the trials (24% before versus 30% after PRISMA-NMA), followed by the consistency evaluation
(23% before versus 16% after PRISMA-NMA).

Conclusions Overall, there has been a slight improvement in reporting and evaluating transitivity since releas-
ing PRISMA-NMA, particularly in items related to the systematic review report. Nevertheless, there has been limited
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attention to pre-planning the transitivity evaluation and low awareness of the conceptual evaluation methods

that align with the nature of the assumption.

Keywords Network meta-analysis, Transitivity assumption, Consistency assumption, Systematic review, Empirical

study

Background

Systematic reviews have long been advocated for pro-
viding the best evidence to inform decision-making in
various health fields, provided they have been rigor-
ously planned, conducted, and reported. The explosive
rate at which systematic reviews are being published
attests to the popularity of this research tool within
the broad medical community [1]. A pairwise meta-
analysis, following a systematic review, is the simplest
form of evidence synthesis, comparing only two inter-
ventions for a specific health condition and population.
When the research question includes more than two
interventions, the pairwise meta-analysis is extended to
incorporate trials investigating different interventions.
The corresponding model is known as network meta-
analysis (NMA).

The methodological advances in NMA and the num-
ber of published systematic reviews with multiple
interventions have flourished exponentially over the
last decade [2-4]. Considering the increasing num-
ber of alternative intervention options and the limited
available resources to demonstrate their benefit-harm
balance via randomised controlled trials, NMA plays a
crucial role in generating the best evidence for timely
decision-making [5, 6]. However, the quality of the

conclusions delivered to the end-users depends on the
validity of the underlying assumptions that define this
evidence synthesis tool.

Network meta-analysis, as an extension of the pair-
wise meta-analysis, has been developed based on the
same assumptions: sufficient clinical and methodologi-
cal similarity and statistical homogeneity. The clinical
and methodological similarity, known as the transitiv-
ity assumption [5, 7], expands from the similarity within
comparison to the similarity across comparisons [8]. The
transitivity assumption, first arguably coined by Baker
and Kramer [7], states that pre-specified clinical and
methodological characteristics of the synthesised trials,
acting as effect modifiers, are similarly distributed across
the observed comparisons in the network. Interchange-
ably, transitivity further implies the following: (a) the
interventions of the network are similar across the cor-
responding trials; (b) missing interventions in each trial
of the network are missing at random; (c) observed and
unobserved underlying treatment effects are exchange-
able; and (d) participants could be jointly randomisable
to any intervention in the network (Table 1) [5].

The statistical representation of transitivity is known
as (statistical) consistency [5]. Unlike transitivity assess-
ment, consistency requires a closed loop of at least three

Table 1 Interchangeable interpretations of the transitivity assumption (Salanti [5])

(a) Similar interventions in different trials

The interventions of the network do not differ systematically across the corresponding trials. Namely, in a triangle network with interventions A, B,
and C, intervention A would be similar in AB and AC trials. The same holds for intervention B which appears in BC and AB trials, and intervention Cin AC

and BC trials
(b) Missing-at-random treatments

Missing interventions in each trial of the network are missing for reasons unrelated to their benefit-harm profile. Namely, interventions A, B, and C are

randomly missing in BC, AC, and AB trials
(c) Exchangeable missing and observed relative treatment effects

Underlying treatment effects of any observed and unobserved comparison do not differ beyond what is expected by the between-trial heterogene-
ity alone. For instance, the AB trials provide evidence for comparison AB only. Under the random-effects model, had these trials included intervention
C, the underlying treatment effect of AC and BC comparisons could have been estimated, assuming that these missing treatment effects are exchange-
able with the corresponding underlying treatment effects estimated directly in AC and BC trials, respectively

(d) Jointly randomisable participants

If all network interventions could be investigated in one trial, the participants would be eligible to be randomised to any intervention. Namely,
the participants share a similar demographic and clinical profile that makes them suitable for any network intervention for their underlying condition

(e) Similar treatment comparisons concerning important effect modifiers

Different observed treatment comparisons comprise clusters of several trials. These clusters are considered to be similar regarding the distribution
of important effect modifiers. Hence, if AB and AC trials are similar in terms of the distribution of important effect modifiers, the indirect estimate for BC

using these two sets of trials will be valid
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interventions. Transitivity ensures that indirect evidence
(obtained from different sets of trials sharing one or more
common comparators) validly describes the treatment
effect of the corresponding unobserved treatment com-
parison. Consistency signifies agreement between direct
and indirect evidence, ensuring a valid mixed (NMA)
treatment effect. As an extension of transitivity, consist-
ency can be formulated using the interchangeable inter-
pretations presented in Table 1 [5]. While transitivity and
consistency essentially represent the same assumption,
they are typically investigated separately [5].

Transitivity is an untestable assumption and rests on
clinical and epidemiological grounds [2]. Hence, content
expertise, well-validated effect modifiers, and subjective
judgements are required to determine its validity [9-11].
Evaluating transitivity involves the meticulous scrutiny
of the included trials based on the five interchange-
able interpretations (Table 1), which can be assessed
conceptually [5, 9, 12]. Statistical methods can also be
employed to investigate the comparability of treatment
comparisons in terms of the distribution of effect modi-
fiers (item (e) in Table 1), provided there are sufficient
data. Network meta-regression may improve the plausi-
bility of transitivity and mitigate confounding bias in the
indirect estimates when there are enough trials to inform
the comparisons, and the effect modifiers are compre-
hensively reported [5, 13]. However, effect modifiers are
often underreported, with participant-specific charac-
teristics being averaged over trial arms, and compari-
sons include a limited number of trials, complicating the
conceptual and statistical evaluation of the transitivity
assumption [14-16].

Establishing the plausibility of transitivity is vital
because the benefits of randomisation do not general-
ise across randomised controlled trials included in the
network. If there is substantial clinical and methodo-
logical dissimilarity in the evidence base, the feasibility
of conducting NMA may be implausible [17]. Potential
violation of the transitivity assumption compromises
the validity of the indirect estimates and, consequently,
the estimates derived from NMA for some or all possi-
ble comparisons in the network [18]. When transitivity
is questionable, recommendations advocate resorting to
meta-regression to obtain the adjusted indirect effects
(provided there are enough data) [5, 19, 20], splitting the
network to sub-networks where transitivity is justified (if
applicable) [9], or refraining from performing NMA [5].

Most empirical studies on the evaluation and report-
ing quality of the underlying assumptions for NMA have
primarily focused on the quality of the indirect compari-
sons [19, 21, 22]. Donegan et al. [12] conducted the first
survey investigating the reporting quality of the transi-
tivity assumption. The authors devised specific quality
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assessment criteria based on relevant literature recom-
mendations. These criteria were applied to 43 published
systematic reviews [12]. Eligible reviews were required
to include at least one indirect comparison of two inter-
ventions obtained using the Bucher method [23] while
excluding reviews that conducted NMA, thus, providing
limited empirical evidence.

Since the study by Donegan et al. [12] and the advent
of the PRISMA extension statement for NMA (PRISMA-
NMA) [11], the reporting quality of the transitivity
assumption has yet to be revisited empirically. Therefore,
conducting a comprehensive survey in that direction is
timely and imperative. The objective of the present sys-
tematic survey was to revisit the reporting and evalua-
tion quality of the transitivity assumption by including a
broader set of published systematic reviews with multiple
interventions, irrespective of the network structure, to
allow for an extensive and updated evidence base. With
the premise also to identifying any improvements or gaps
in the reporting quality of the transitivity assumption
over time, we considered systematic reviews published
before and after the release of PRISMA-NMA while
expanding upon the quality assessment criteria of Don-
egan and colleagues [12].

The rest of the article is organised as follows: first, we
outline the steps taken to conduct the systematic survey
on published systematic reviews with NMA and describe
the quality assessment criteria for reporting and evaluat-
ing the transitivity assumption. Then, we summarise the
extracted information in textual, tabular, and graphical
formats. The “Discussion” section presents the study’s
findings, strengths, and limitations while highlighting
deficiencies in reporting and evaluation of transitivity
with suggestions for improvement and increased atten-
tion in future systematic reviews with multiple interven-
tions. Finally, we conclude with recommendations for
good reporting and evaluation practices for the transitiv-
ity assumption.

Methods

In this systematic survey, we have used the term NMA
to describe the synthesis of at least three trials compar-
ing different sets of interventions without distinguishing
between methods for anchored indirect comparisons and
networks with closed loops of interventions [24]. The
network size and structure may determine the methods
for assessing transitivity. For example, star-shaped net-
works preclude the evaluation of consistency, and meta-
regression is not feasible in a sparse network. However,
the network features do not dictate the plausibility of
transitivity, which must be adequately evaluated regard-
less [13].
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Systematic review selection

Initially, we considered the collection by Petropou-
lou et al. [3], which included 456 systematic reviews
of multiple interventions published between 1999 and
2015. However, considering that Donegan et al. [12]
published their survey in November 2010, we restricted
our dataset to systematic reviews published from
2011 onwards. The rationale for this restriction was
that subsequent systematic reviews may have incor-
porated the recommendations by Donegan et al. [12]
in their reporting and assessment of the transitivity
assumption, potentially improving the quality of their
conclusions.

The collection from Petropoulou et al. [3] included
systematic reviews with at least four interventions. In
a previous empirical study [25], we updated their col-
lection by including systematic reviews with three
interventions, following the inclusion and exclusion
criteria of Petropoulou and colleagues [3]. This two-
stage approach led to a total of 361 eligible systematic
reviews published between January 2011 and April
2015. Additional file 1: Table S1 presents the screen-
ing process of systematic reviews with at least three
interventions using the collection of Petropoulou et al.
[3], the database of NMAs accessed using the nmadb R
package [26], and the previous empirical study [25].

The PRISMA-NMA statement was published in June
2015 [11]. We adopted a pragmatic approach to retrieve
eligible systematic reviews published after 2015 with at
least three interventions. To be consistent with the pre-
vious step, where we collected 361 systematic reviews
published between January 2011 and April 2015, we
opted to include a total of 360 systematic reviews. We
aimed for 60 systematic reviews per year from 2016 to
2021 to ensure a broader timeframe and create an up-
to-date evidence base. Then, we employed the search
algorithm and the inclusion and exclusion criteria by
Petropoulou and colleagues [3]. The screening pro-
cess was performed in reverse chronological order,
starting from the most recent ones (e.g. 31 December
2016) and working backwards until we reached 60 eli-
gible systematic reviews per year. The screening strat-
egy was pragmatic, as we anticipated that systematic
reviews published later after the PRISMA-NMA release
would be more likely to have incorporated the neces-
sary extensions of good reporting, allegedly improving
their reporting quality. Additional file 1: Table S2 illus-
trates the pragmatic screening process used for system-
atic reviews with at least three interventions published
from 2016 to 2021. The list with all 721 eligible system-
atic reviews comprising the present study’s dataset is
publicly available on figshare [27].
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Extraction process

Initially, pilot testing of the extraction form was con-
ducted to finalise the extracted reporting items and
ensure consistency in the extraction process among the
involved parties. The protocol for the extraction form is
publicly available on figshare [28]. The pilot testing was
performed on randomly selected systematic reviews. All
authors of the study (LMS, CK, JJYN, AMGS, DCRP, SES,
and KP) performed the complete extraction using all 721
eligible systematic reviews. The extraction was under-
taken blinded and independently in pairs of reviewers.
Disagreements were resolved through discussion until a
consensus was reached.

The extracted reporting items

To determine the complete set of reporting items, we
adapted Donegan and colleagues’ quality criteria for
transitivity evaluation [12]. The authors originally devel-
oped the quality criteria following the recommendations
from relevant publications [12]; we refined most criteria
and introduced new items for extraction. In line with
Donegan et al. [12], we scrutinised the systematic reviews
to identify the following information: the definition of the
transitivity assumption; any additional analyses employed
to assess transitivity or explain the statistical heterogene-
ity (including sensitivity analysis, subgroup analysis, or
meta-regression); and the table reporting trial and par-
ticipant characteristics. We recorded the verbatim defini-
tion of the transitivity assumption, where applicable. In
addition to the work by Donegan et al. [12], we sought
information on the planning of the transitivity evalua-
tion in the protocol, whether the authors inferred the
plausibility of transitivity, and whether they discussed the
implications for the conclusions in the systematic review.
The complete set of reporting items [28] also serves as a
checklist to aid researchers in ensuring a thorough and
transparent reporting and evaluation of the transitiv-
ity assumption as it expands on items 14, 16, 25, and 26
of the PRISMA-NMA statement [11] to emphasise the
reporting of transitivity assumption.

Awareness and evaluation of the transitivity assumption

In addition to defining the transitivity assumption, we
sought information on whether the authors (1) explicitly
stated in the methods section of the systematic review to
have evaluated transitivity and (2) reported the evalua-
tion results. Among the methods employed for the tran-
sitivity evaluation, we investigated whether the authors
considered the five interchangeable interpretations
(Table 1) and whether they conducted the transitivity
evaluation as planned in the methods section. We cat-
egorised the methods into direct and indirect evaluation
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of transitivity. The direct evaluation included the statis-
tical or narrative assessment of the comparability of the
observed comparisons based on the characteristics defin-
ing the PICO (population, interventions, comparators,
and outcomes) framework (item (e) in Table 1) and the
remaining four interchangeable interpretations of the
transitivity assumption (items (a)—(d) in Table 1). The
indirect evaluation included statistical methods, such as
sensitivity analysis, subgroup analysis, meta-regression,
and consistency evaluation (the statistical agreement
between direct and indirect evidence), which implies
the statistical manifestation of transitivity [5, 29]. These
reporting items demystified the awareness of the transi-
tivity assumption and the available evaluation methods.
Note that when the consistency evaluation suggests pos-
sible inconsistency, sensitivity analysis, subgroup analy-
sis, and meta-regression may be used to improve the
plausibility of transitivity and mitigate confounding bias.
These statistical tools are also used to assess the sensitiv-
ity of the results to reasonable assumption changes and
investigate statistical heterogeneity [29].

Acknowledging the implications of transitivity evaluation
We extracted information on whether the authors (1)
inferred the (im)plausibility of the transitivity assump-
tion and (2) acknowledged the implications for the inter-
pretation and discussion of the results. We recorded the
method(s) used by the authors to infer or imply the (im)
plausibility of the assumption, where this information
was found in the article (i.e. abstract, results, discussion,
conclusion), and which NMA parameters were consid-
ered, including relative treatment effects, intervention
ranking, heterogeneity parameter, and inconsistency
parameter. For the systematic reviews that questioned
the plausibility of the transitivity assumption, we noted
whether the authors refrained from performing NMA
and recorded the verbatim justification of their decision.
These reporting items provided insights into the authors’
awareness of the implications of the transitivity evalua-
tion on the credibility of the NMA results. Discussing the
NMA results in the context of the transitivity evaluation
increases the credibility of the conclusions drawn in the
systematic review.

Reporting the table of characteristics

Lastly, we extracted information on the content and
structure of the table of characteristics. For the system-
atic reviews that reported a table of characteristics, we
recorded the location of the table (i.e. main body of the
article, at the supplementary material, or both); the num-
ber of quantitative, qualitative, and mixed characteristics
(combination of quantitative and qualitative character-
istics) presented in the table; the number of participant
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features (e.g. demographic and clinical characteristics),
intervention features (e.g. description, doses and co-
interventions), outcome features (e.g. description and
evaluation timepoints), and design features (e.g. country,
publication year, study design, funding, conflicts of inter-
est, duration, sample size, participant losses, risk of bias
results); how the table presented the characteristics (i.e.
at trial-level, at comparison-level or intervention-level
with characteristics summarised across the correspond-
ing trials, or using descriptive statistics for each char-
acteristic); and whether there was at least one trial (or
comparison) that did not report at least one of the char-
acteristics in the table. These reporting items elucidated
the quality of evaluating the transitivity assumption using
the table of characteristics. Depending on the table struc-
ture and quantity of characteristics presented, the table
of characteristics may facilitate or hinder the evaluation
of clinical and methodological heterogeneity necessary
to determine the similarity of comparisons concerning
important effect modifiers (item (e) in Table 1).

Statistical analysis and results presentation

Tabulation and binomial logistic regression

We summarised the extracted information in both textual
and tabular formats. The textual format included quot-
ing the definition of transitivity and the five interchange-
able interpretations (Table 1) as reported in the protocol
and the main body of the systematic reviews. We created
tables and presented each reporting item before and after
the PRISMA-NMA statement. To describe the report-
ing items, we used absolute and relative frequencies.
We applied binomial logistic regression for each report-
ing item to compare the reporting quality of systematic
reviews published after versus before the PRISMA-NMA
statement. The regression results were reported as odds
ratios (OR) and 95% confidence intervals (CI). We inter-
preted the evidence as conclusive when the correspond-
ing 95% CI excluded an OR of 1; otherwise, the evidence
was inconclusive. Specifically, an OR greater than 1
indicated improvement in reporting the corresponding
item, while an OR less or equal to 1 suggested minimal
reporting.

Ad hoc analysis on reporting completeness: 2016 versus 2021
As an ad hoc analysis, we compared the reporting com-
pleteness of two extreme cases: systematic reviews pub-
lished in 2016 and those in 2021. By considering a 5-year
distance after the release of the PRISMA-NMA (June
2015), we aimed to investigate whether allowing for more
time after the PRISMA-NMA release would have led to
improved reporting completeness of transitivity evalua-
tion. We also checked whether these systematic reviews
mentioned the PRISMA-NMA statement in their report
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and illustrated the results from each timeframe using a
bar plot.

Figures and statistical software

To illustrate the distribution of the number of quan-
titative, qualitative, and mixed characteristics and the
number of each PICO feature before and after the
PRISMA-NMA statement, we constructed box plots with
jitter points. Bar plots were used to present various cat-
egorical reporting items, such as the frequency of each
direct and indirect evaluation method of transitivity at
the protocol and systematic review levels, the most and
least popular table structure, and the most and least fre-
quent location of the table of characteristics in the sys-
tematic review. Bubble plots were created to depict the
frequency of each health field before and after the state-
ment. Additionally, bubble plots were used to present the
frequency of each conclusion regarding transitivity (i.e.
plausible, questionable, or difficult to judge due to lim-
ited data) before and after the PRISMA-NMA release.
Finally, lollipop plots were utilised to summarise several
reporting items at protocol and systematic review levels
regarding their reporting frequency before and after the
statement. We also used this plot to illustrate the results
from the ad hoc analysis. For the analyses and figure crea-
tion, we used the statistical software R (version 4.3.0 [30])
and specifically the R-package ggplot2 for the figures [31].

Results

Distribution of health fields

The systematic reviews of our collection spanned across
19 different health fields (Additional file 2: Figure S1).
Cardiovascular diseases (# = 75 out of 361;20.8%) were
the most prevalent among the systematic reviews pub-
lished before the PRISMA-NMA statement, followed by
oncology (n = 32 out of 361;8.9%) and nutrition (n = 27
out of 361;7.5%). Systematic reviews published after
PRISMA-NMA were populated mostly by oncology
research (n = 76 out of 360;21.1%), followed by cardio-
vascular diseases (n = 55 out of 360;15.3%) and gastroen-
terology (n = 28 out of 360;7.8%).

Awareness and evaluation of the transitivity assumption
Protocol level: reporting and evaluating transitivity

Only twenty-nine per cent of the systematic reviews
(n = 210 out of 721) had an available protocol (Table 2).
The percentage of systematic reviews with an available
protocol increased to 42.5% (n = 153 out of 360) after
the PRISMA-NMA release compared to 15.8% (n = 57
out of 361) before PRISMA-NMA. Systematic reviews
published after PRISMA-NMA were approximately four
times more likely to have made their protocol available
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than those published before PRISMA-NMA (OR: 3.94,
95% CI: 2.79-5.64) (Table 2).

Of the 210 systematic reviews that provided a protocol,
the majority did not define the transitivity assumption in
the protocol (n = 179;85.2%), with a similar percentage
observed before and after PRISMA-NMA (84.2% versus
85.6%, respectively) (Table 2). The list with the verbatim
definitions of transitivity in the protocol can be found in
Table S4 on figshare [32].

Furthermore, only 40.5% of the systematic reviews with
an available protocol (n = 85 out of 210) had planned to
evaluate transitivity using at least one direct or indirect
method (Table 2). This percentage increased to 47.1%
(n = 72 out of 153) after the PRISMA-NMA statement
compared to 22.8% (n = 13 out of 57) before PRISMA-
NMA. Systematic reviews published after PRISMA-
NMA were three times more likely to have provided an
analysis plan for the transitivity evaluation than those
published before PRISMA-NMA (OR: 3.01, 95% CI:
1.54-6.23).

The verbatim justifications of the planned direct meth-
ods for transitivity evaluation can be found in Tables
S5 and S6 on figshare [32]. Direct methods were the
least preferred when planning the transitivity evalua-
tion, regardless of the PRISMA-NMA statement (Fig. 1):
10.1% and 9.7% of systematic reviews before and after
PRISMA-NMA, respectively, considered direct methods,
compared to 15.7% and 33.4% of the systematic reviews,
respectively, that opted for indirect methods to evalu-
ate transitivity. Among the direct methods, there was a
slight increase of attention to comparison comparabil-
ity regarding important effect modifiers after PRISMA-
NMA (4.2% from 2.2% before PRISMA-NMA), followed
by justifying whether participants could be jointly ran-
domisable (3.8% from 3.4% before PRISMA-NMA)
(Fig. 1). However, less attention was given to justifying
whether interventions were similar in different com-
parisons after PRISMA-NMA (1.4% from 4.5% before
PRISMA-NMA), and almost none of the systematic
reviews in both timeframes planned to justify whether
treatments were missing at random (Fig. 1).

Among the indirect methods, planning to inves-
tigate sources of statistical heterogeneity was most
commonly reported compared to planning to evalu-
ate transitivity (Fig. 1): 74.1% and 56.8% of the sys-
tematic reviews before and after PRISMA-NMA,
respectively, applied sensitivity analysis, subgroup
analysis, or meta-regression to assess statistical het-
erogeneity. In contrast, 3.3% and 9.0% of the sys-
tematic reviews before and after PRISMA-NMA,
respectively, applied these indirect methods to assess
sources of inconsistency and increase the plausibility
of transitivity. However, planning to use these indirect
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Table 2 Awareness and evaluation of the transitivity in the protocol and publication of the review
Characteristic Levels Total Before After 0Odds ratio (95% Cl)
(n=721) PRISMA-NMA PRISMA-
(n=361) NMA
(n=360)
n % n % n %
Reporting and evaluating transitivity in the protocol
[11The study protocol is available® Yes 210 291 57 158 153 425 3.94(2.79,5.64)
No 511 709 304 842 207 575
[2] If the protocol is ‘Available’ (210 SRs), the authors defined the transitivity ~ Yes 31 148 9 15.8 22 144 090(040,2.17)
assumption No 179 852 48 842 131 856
[3] If the protocol is ‘Available’ (210 SRs), the authors mentioned that they Yes 85 405 13 228 72 471 3.01(1.54,6.23)
planned to evaluate the transitivity assumption in the review No 125 595 44 772 81 529
Reporting and evaluating transitivity in the systematic review
[4] The authors defined transitivity Yes 218 302 130 360 88 244 0.57(0.42,0.79)
No 503 69.8 231 64.0 272 756
[5] The authors explicitly stated in the methods that they planned to evalu-  Yes 442 613 190 526 252 700 2.10(1.55,2.86)
ate transitivity and reported the evaluation results No 279 387 171 474 108 300
[6] The authors did not state in the methods any plans for transitivity evalua-  Yes 30 42 19 53 11 3.1 057(0.26,1.19)
tion, but evaluation results were found in the manuscript No 691 958 342 947 349 969
Acknowledging the implications of the transitivity evaluation
[71 The authors conclude or imply the (im)plausibility of transitivity, Yes 265 36.8 128 355 137 38.1 1.12(0.83,1.51)
or the difficulty to judge No 456 632 233 645 223 619
[8] Among the reviews with a conclusion about transitivity (265 SRs), some  Yes 4 15 1 08 3 22  2.84(0.36,57.89)
authors explicitly refrained from NMAP No %61 985 127 990 134 978
[9] Among the reviews with a conclusion about transitivity (265 SRs), impli-  Yes 199 75.1 105 820 94 686 0.48(0.27,0.85)
cations were discussed or implied concerning at least one NMA parameter® No 66 249 23 180 43 314
Reporting the table of characteristics
[10] A table of characteristics is providedd Yes 680 946 336 936 344 956 1.47(0.77,2.88)
No 39 54 23 64 16 44
[11] If a table of characteristics is provided (680 SRs), the structure Yes 669 984 331 985 338 98.3 0.85(0.24, 2.85)
of the table facilitates transitivity evaluation® No 11 16 5 15 6 17
[12] Among the reviews with a proper table structure (669 SRs), there Yes 564 843 272 822 292 864 1.38(0.91,2.10)
is at least one missing characteristic across the trials or comparisons No 105 157 59 178 46 136

Cl confidence interval, NMA network meta-analysis, PRISMA-NMA PRISMA extension statement for NMA, SR systematic review

2 A protocol is considered available when the systematic review reports a PROSPERO number, provides the protocol as supplementary material, or has published the
protocol in the same or a different Journal; otherwise, a protocol is considered not available

b These authors judged transitivity to be questionable or difficult to judge due to limited data (e.g. few trials, low events, poor trial reporting, missing characteristics);
hence, they decided to refrain from conducting network meta-analysis

“The network meta-analysis parameters include the summary treatment effects, intervention hierarchy measures, statistical heterogeneity, and inconsistency
evidence (i.e. the difference between direct and indirect estimates and comparing pairwise meta-analysis with network meta-analysis treatment effects for the same
comparisons)

dThere was no access to the supplementary material of two eligible articles published before the PRISMA-NMA; hence, we could not extract any necessary
information related to the table of characteristics. Only for the items related to ‘Reporting the table of characteristics, we have restricted the articles published before
PRISMA-NMA to those with access to their supplementary material, namely, 359 articles

€ Tables of characteristics that facilitate transitivity evaluation include those with a trial-level structure (i.e. trials-by-characteristic table), trials grouped by comparison
with characteristics at trial-level, or comparison-level summarised characteristics. Tables of characteristics that hinder transitivity evaluation include those with
intervention-level summarised characteristics or descriptive statistics for each characteristic

methods for heterogeneity assessment dropped after
the PRISMA-NMA release and followed the increased
planning for consistency evaluation (24.4% from
12.4% before PRISMA-NMA). Attention to sensitiv-
ity analysis, subgroup analysis and meta-regression

for transitivity evaluation increased partly after the
release of PRISMA-NMA, with subgroup analysis
being slightly preferred (3.8% after versus 1.1% before
PRISMA-NMA) (Fig. 1).
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the PRISMA-NMA statement: 44 systematic reviews before and 130 after PRISMA-NMA planned at least one method for transitivity or statistical
heterogeneity assessment. A systematic review may have planned more than one method. Dark blue refers to direct and indirect methods used
exclusively for transitivity assessment. Light blue refers to indirect methods used exclusively to investigate sources of statistical heterogeneity. A
Justifying treatment similarity in different trials. B Justifying treatments as missing at random. C Justifying participants as jointly randomisable.
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evaluation

Systematic review level: reporting and evaluating transitivity
One out of three systematic reviews stated the notion of
transitivity in their report (n = 218 out of 721) (Table 2):
the percentage was conclusively higher in systematic
reviews published before the PRISMA-NMA statement
(36.0%; n = 130 out of 361) than those published after
the statement (24.4%; n = 88 out of 360) (OR: 0.57, 95%
CI: 0.42-0.79). The definition of transitivity was most
often reported in the methods and discussion sections
of the systematic review report (Additional file 2: Figure
S2 (a)). Table S7 on figshare [32] lists the verbatim defini-
tions of the transitivity assumption and their location in
the systematic review reports.

More than half of the systematic reviews (61.3%;
n =442 out of 721) described how they evaluated
transitivity in the methods section and reported the
results (Table 2). Systematic reviews published after
PRISMA-NMA were twice as likely to report the tran-
sitivity evaluation and results as those published before
PRISMA-NMA (OR: 2.10, 95% CI: 1.55-2.86). Only 4.2%
(n =30 out of 721) of all systematic reviews reported

results from the transitivity evaluation without describ-
ing the evaluation in the methods section: the percent-
age was similarly low before and after PRISMA-NMA
(Table 2), indicating that systematic reviews were trans-
parent overall in reporting the methods for transitivity
evaluation.

Most systematic reviews that described the transitivity
evaluation in the methods section evaluated transitivity
as planned (93.2% before versus 90.9% after PRISMA-
NMA) (Additional file 2: Figure S3). Some systematic
reviews faced challenges evaluating the transitivity
assumption due to limited data (6.8% before versus 9.1%
after PRISMA-NMA).

Tables S8 and S9 on figshare [32] list the verbatim jus-
tifications of the reported direct methods for transitiv-
ity evaluation. In line with the protocol of the systematic
reviews (Fig. 1), direct methods were the least utilised
in the transitivity evaluation (11.8% before versus 11.0%
after PRISMA-NMA) as opposed to the indirect methods
(40.2% before versus 54.1% after PRISMA-NMA) (Fig. 2).
Among the indirect methods, consistency evaluation was
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the most prevalent method for evaluating transitivity,
particularly after PRISMA-NMA (34.2% before versus
47.5% after PRISMA-NMA) (Fig. 2). Furthermore, sen-
sitivity analysis, subgroup analysis and meta-regression
were mainly applied to investigate sources of statistical
heterogeneity rather than to assess transitivity (Fig. 2):
47.9% and 34.9% of the systematic reviews before and
after PRISMA-NMA, respectively, applied these indi-
rect methods to explain the statistical heterogeneity only,
as opposed to 6.0% and 6.6% of the systematic reviews,
respectively, that explicitly aimed to assess sources of
inconsistency.

Systematic review level: discussing the transitivity evaluation
Three out of eight systematic reviews discussed the
results of the transitivity evaluation (n = 265 out of 721)
(Table 2), with the percentage being very similar before
and after the PRISMA-NMA statement (35.5% versus
38.1%, respectively). Fifty-five per cent of the systematic
reviews concluded that transitivity might be plausible
(n = 145 out of 265), followed by 29.1% (n = 77 out of

265) that could not infer in favour of or against transitiv-
ity due to limited available data, and 16.2% (n = 43 out of
265) that questioned the plausibility of transitivity (Addi-
tional file 2: Figure S4). A similar pattern of conclusions
was observed when PRISMA-NMA was considered:
62.5% of the systematic reviews before versus 47.4% after
PRISMA-NMA inferred transitivity was plausible, fol-
lowed by 26.6% before versus 31.4% after PRISMA-NMA
that could not conclude due to limited available data,
and 10.9% before versus 21.2% after PRISMA-NMA that
questioned transitivity (Additional file 2: Figure S4).
Generally, systematic reviews mostly mentioned the
comparability of trials or treatment comparisons when
discussing the transitivity evaluation (24.3% before versus
29.6% after PRISMA-NMA), followed by the consistency
evaluation (22.7% before versus 16.3% after PRISMA-
NMA) and the limited available data (13.9% before versus
17.5% after PRISMA-NMA) (“Total’ category in Fig. 3).
Trial or comparison comparability and consistency eval-
uation were considered the most frequently reported fac-
tors in supporting conclusions regarding the plausibility
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or questioning of transitivity in systematic reviews before
and after PRISMA-NMA (‘Plausible’ and ‘Questionable’
categories in Fig. 3). At the same time, the limited avail-
able data was the main argument for the respective con-
clusions (‘Difficult to judge’ category in Fig. 3).

Among the 120 systematic reviews that questioned
or found it difficult to postulate transitivity (Additional
file 2: Figure S4), only one systematic review before
PRISMA-NMA and three after the statement explicitly
stated to have refrained from conducting NMA (Table 2).
Limited available data, limited trial comparability con-
cerning clinical and methodological heterogeneity, and
statistically significant inconsistency comprised the rea-
sons these systematic reviews did not pursue NMA. The
verbatims of the systematic reviews that refrained from
NMA can be found in Additional file 1: Table S3 [33—-36].

One hundred ninety-nine (75.1%) out of 265 system-
atic reviews with a conclusion about transitivity consid-
ered at least one NMA parameter (Table 2). Systematic
reviews published before PRISMA-NMA were conclu-
sively more likely to include NMA parameters in their
discussion about transitivity (82.0%; n = 105 out of 128)

compared to systematic reviews after PRISMA-NMA
(68.6%; n = 94 out of 137) (OR: 0.48, 95% CI: 0.27-0.85)
(Table 2). Specifically, the summary treatment effects
were the most preferred NMA parameter (45.4% before
versus 51.2% after PRISMA-NMA), followed by con-
sistency evaluation (27.0% before versus 22.0% after
PRISMA-NMA), statistical heterogeneity (19.5% before
versus 15.4% after PRISMA-NMA), and intervention
ranking (8.0% before versus 11.4% after PRISMA-NMA)
(Additional file 2: Figure S5). Most systematic reviews
used the discussion section to confer transitivity (76.7%
before versus 90.3% after PRISMA-NMA) (Additional
file 2: Figure S2 (b)).

Systematic review level: reporting the table of characteristics
Almost all systematic reviews provided a table of char-
acteristics, populated with several participant, out-
come, intervention, and design features (94.6%; n = 680
out of 719) (Table 2): 93.6% (n = 336 out of 359) before
and 95.6% (n = 344 out of 360) after PRISMA-NMA
reported that table. The structure of the table of charac-
teristics facilitated the transitivity evaluation, particularly
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regarding the comparability of treatment comparisons,
in almost all systematic reviews (98.4%; n = 669 out of
680) (Table 2, and Additional file 2: Figure S6 (a)): 98.5%
and 98.3% of the systematic reviews published before
and after PRISMA-NMA, respectively, considered such
a table (Table 2). Most systematic reviews reported the
characteristics at the trial level (i.e. the characteristics
occupied the columns, and the trials occupied the rows
of the table) (84.5% before versus 94.2% after PRISMA-
NMA), followed by stratifying the trials by comparison
(13.1% before versus 2.6% after PRISMA-NMA) (Addi-
tional file 2: Figure S6 (a)). Three systematic reviews
before and five after PRISMA-NMA (0.9% versus 1.5%)
tabulated the summary statistics of each quantitative
characteristic by comparison (Additional file 2: Figure S6
(a)). Table structures that hindered transitivity evaluation
included tabulating the summary statistics of each quan-
titative characteristic by the intervention (n =4 out of
336 before versus n = 2 out of 344 after PRISMA-NMA)
and presenting summary statistics for each characteris-
tic (n = 1 out of 336 before versus n = 4 out of 344 after
PRISMA-NMA) (Additional file 2: Figure S6 (a)).

Among the systematic reviews with a properly struc-
tured table of characteristics, approximately six out of
seven reported having at least one missing characteristic

(a)
40

30
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N
=]
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across the trials or comparisons in the table (84.3%;
n = 564 out of 669), with the percentage being similar
before and after the PRISMA-NMA release (82.2% ver-
sus 86.4%, respectively) (Table 2). Of the 680 system-
atic reviews with a table of characteristics, the majority
reported the table in the main body of the article (67.6%
before versus 63.7% after PRISMA-NMA), followed by
supplementary material (28.0% before versus 33.4% after
PRISMA-NMA) (Additional file 2: Figure S6 (b)).

The number of characteristics included in the table
ranged from 0 to 35 (median: 2, interquartile range: 0
to 5) across the systematic reviews (Fig. 4a). Most of the
characteristics were quantitative, followed by qualita-
tive, with this pattern being consistent before and after
PRISMA-NMA. When distinguishing among the PICO
components that populated the table of characteristics,
various participant features were the most prevalent, fol-
lowed by design and intervention features, with the same
trend before and after PRISMA-NMA (Fig. 4b).

Improvements and gaps in reporting and evaluating
transitivity

Figure 5 summarises the results of the reporting items
before and after PRISMA-NMA, distinguishing between
the items that have shown improvement and those that

(b)
40

20

Total Before PRISMA-NMA After PRISMA-NMA

E£4 Quantitative =7 Qualitative 3 Combination

Total Before PRISMA-NMA After PRISMA-NMA

Participants £ Interventions £2 Outcomes E3 Design

Fig. 4 Box plots with incorporated jitter dots on the number of quantitative, qualitative, and mixed characteristics (plot (a)) and the number
of participant, intervention, outcome, and design characteristics (plot (b)) reported in the table of characteristics of systematic reviews published

before and after the PRISMA-NMA statement
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required more attention in reporting and evaluating tran-
sitivity. The reporting items associated with the system-
atic review protocol were less frequently utilised overall.
Although protocol availability and indirect method appli-
cation have increased since the PRISMA-NMA release,
their reporting frequency was low (43% and 33%, respec-
tively). Describing the notion of transitivity and adopting
direct methods to evaluate transitivity comprised major
gaps in reporting and evaluating transitivity at the proto-
col level for having a very low reporting frequency since
the PRISMA-NMA release (14% and 9%, respectively).

At the systematic review level, there was an overall
increase in the frequency of the related reporting items
(Fig. 5). Specifically, there has been an increased imple-
mentation of indirect methods and transparency in
reporting the evaluation methods and results since the
PRISMA-NMA release (54% and 70%, respectively).
Discussing the results of or challenges with transitivity
evaluation maintained a low frequency at 38%; acknowl-
edging the implications on the NMA parameters dis-
played an improved yet, moderate reporting frequency
at 69% since the PRISMA-NMA release. In line with the

evidence at the protocol level, the reporting frequency
for describing transitivity was very low at 24%, and that
for using direct methods was even lower at 11% after
PRISMA-NMA, requiring immediate attention. Dis-
cussing the implications of transitivity evaluation on the
NMA parameters before PRISMA-NMA was the only
item with a high reporting frequency at 82%.

Ad hoc analysis on reporting completeness: 2016 versus 2021
Overall, the ad hoc analysis revealed similar patterns
with those observed by analysing all 721 systematic
reviews (Fig. 6): protocol availability was higher dur-
ing 2021, reaching moderate levels (60% versus 27%).
Transitivity definition and implementation of direct
methods had very low reporting frequency in proto-
col and review reports (Fig. 6). Interestingly, planning
indirect methods in protocol was slightly higher, but
at low reporting frequency, during 2016 (43% versus
38%). Planning and reporting of transitivity evalua-
tion in the review report were similarly distributed
with a moderate reporting frequency in both periods
(65% versus 60% during 2016 and 2021, respectively).
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Both periods almost coincided regarding the report-
ing frequency of indirect methods (61%) and had the
same low reporting frequency for transitivity conclu-
sions (37%). Parameter discussion showed the same
tendency as that from analysing all systematic reviews,
though, at moderate and low levels for 2016 and 2021,
respectively.

PRISMA-NMA was more frequently mentioned
among the systematic reviews published in 2021 than
those published in 2016 (58.3% versus 21.7%; Addi-
tional file 2: Figure S7 [24, 37, 38]). In contrast, almost
half of the systematic reviews published in 2016 did
not mention if they were reported according to a
PRISMA statement. However, the completeness of
transitivity reporting among systematic reviews pub-
lished in 2021 did not align with the observed popu-
larity of PRISMA-NMA since 7 in 10 reporting items
were associated with very low and low reporting fre-
quency (Fig. 6), necessitating the scrutiny of the sys-
tematic reviews to understand whether they employed
the PRISMA-NMA statement properly.

Discussion

This study provides comprehensive empirical evidence
on reporting and evaluating the transitivity assumption
in systematic reviews before and after the PRISMA-
NMA release. The evidence is overall underwhelming
with a partial improvement in certain reporting items
since PRISMA-NMA but low awareness of the evalua-
tion methods. The transitivity assumption and its evalu-
ation remain elusive to most users of NMA. Systematic
reviews showed limited emphasis on direct methods,
which are crucial for transitivity evaluation for aligning
with the conceptual nature of the assumption. Infrequent
descriptions of the transitivity notion at the protocol and
systematic review levels may have led to the low applica-
tion of direct methods.

Our study found a more frequent definition of tran-
sitivity in systematic reviews published before the
PRISMA-NMA release than those after (Fig. 5 and item 4
in Table 2). This trend may be attributed to the increased
emphasis on consistency assessment and investigation of
possible effect modifiers since Donegan and colleagues’
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publication [12], potentially overshadowing the relevance
of transitivity [2, 5, 8, 29]. The lack of an established tran-
sitivity evaluation framework, unlike the extensive litera-
ture on consistency and effect modification over time [2,
5, 8, 29], likely contributed to the infrequent definition of
transitivity in post-PRISMA-NMA systematic reviews.
A methodological framework for transitivity evaluation
could involve reformulating some of the interchangeable
interpretations in Table 1 into testable hypotheses (e.g.
item e)), employing unsupervised methods to explore
similarity in the participant, interventions and trial char-
acteristics and incorporating mixed methods to address
the qualitative nature of the transitivity assumption
properly.

Of the 721 systematic reviews analysed, only four
explicitly refrained from conducting NMA after evaluat-
ing transitivity (item 8 in Table 2). This remarkably low
figure raises serious concerns regarding the conclusions
presented to end-users. It also underscores the authors’
limited awareness of intransitivity implications. While
transitivity assessment and reporting are crucial, pur-
suing NMA when transitivity is uncertain or challeng-
ing due to evidence limitations could yield meaningless
results with harmful decision-making implications.

There was a misconception regarding appropriately
investigating the comparability of treatment compari-
sons with respect to the distribution of effect modifiers
(Tables S6 and S9 on figshare [32]). Of the 89 systematic
reviews reporting this direct method, most compared
trials on effect modifiers and employed statistical meth-
ods to assess trial similarity within comparisons, or it
was unclear whether the evaluation pertained to trials,
interventions, or comparisons of interventions (60.7%;
n = 54 out of 89) (Table S9 on figshare [32]). However,
demonstrating similarity across trials, interventions, or
within comparisons is insufficient to conclude transitiv-
ity. Transitivity depends on the distribution of the effects
modifiers across observed comparisons [13]. Trials may
be homogeneous within comparisons, but the compari-
sons may differ on average regarding the PICO features,
indicating possible intransitivity. Alternatively, trials
may differ within comparisons, with comparisons being
similar on average, suggesting possible transitivity in the
network.

Our findings aligned with those of Donegan et al. [12]
on the frequency of stating the transitivity assump-
tion (25.6% versus 30.2% in our study) and reporting
a table of characteristics (88.4% versus 94.6% in our
study). Donegan et al. [12] reported that 44.2% of the
systematic reviews used sensitivity analysis, subgroup
analysis, or meta-regression for transitivity assessment,
and 25.6% compared participant or trial characteris-
tics across trials. In our study, these percentages were
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lower: 6.0% before and 6.5% after PRISMA-NMA for
the former and 1.6% before and 5.0% after the statement
for the latter (Fig. 2). This difference may be attributed
to associating the transitivity assessment mostly with
consistency evaluation, as most networks in our study
included closed loops of interventions. The statisti-
cal methodology for consistency evaluation intensified
and established after 2010, owing to available statisti-
cal software. Notably, none of the systematic reviews
retrieved by Donegan et al. [12] described the transi-
tivity evaluation in the methods section. In our study,
most systematic reviews mentioned at least one evalu-
ation method in the methods section and reported the
results. The small sample of systematic reviews in Don-
egan et al. [12] may explain this discrepancy. If they had
considered systematic reviews with more than three
interventions, they might have obtained a larger sam-
ple, likely detecting reviews describing the transitivity
evaluation in the methods section.

Petropoulou et al. [3] assessed whether and how
researchers evaluated the transitivity assumption and
what conclusions they drew. For the overlapping period
of 2011 to 2015, the authors found that 24.6% of the sys-
tematic reviews reported that transitivity might hold,
aligning with our findings (22.2%; 80 out of 361; Addi-
tional file 2: Figure S4) [3]. Our results agree with the
authors’ that most systematic reviews did not discuss
transitivity: 74.3% (263 out of 354) in Petropoulou et al.
[3] versus 64.5% (233 out of 361; item 7 in Table 2) in our
study. Veroniki et al. [4] evaluated the reporting quality
of 1144 systematic reviews with NMA before and after
the PRISMA-NMA statement. While our study does
not directly compare to theirs, as they focused on over-
all reporting completeness based on the PRISMA items,
we also observed a slight improvement in reporting com-
pleteness post PRISMA-NMA, particularly for the transi-
tivity assumption component.

The table of characteristics plays an important role in
facilitating or hindering the evaluation of the transitivity
assumption with respect to the comparability of the char-
acteristics (effect modifiers) across comparisons. A table
that organises trials by treatment comparison and pre-
dominantly reports quantitative and qualitative charac-
teristics supports both conceptual and statistical aspects
of the transitivity evaluation. This structure aligns with
the PRISMA-NMA statement’ recommendation (item
18: ‘Study Characteristics’ in [11]). A table summarising
the characteristics at the comparison level also facili-
tates the evaluation of the transitivity assumption. On
the contrary, a table emphasising textual characteristics,
including unreported characteristics in most trials, or
summarising the characteristics at the intervention level
complicates the transitivity evaluation.
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Direct methods for transitivity evaluation, outlined in
Table 1, do not necessarily depend on data availability,
except when statistically assessing the comparability of
comparisons in terms of important effect modifiers. In
contrast, indirect methods have limitations when insuf-
ficient trials inform the comparisons or when the net-
work does not contain closed loops of interventions. In
such cases, conceptual evaluation of transitivity using
interchangeable interpretations (Table 1) is essential.
Despite the importance of the direct methods, our find-
ings revealed that they received less attention than indi-
rect methods, with the latter holding the spotlight in the
published literature and statistical software [2, 5, 8, 29].
PRISMA-NMA also promotes direct methods for tran-
sitivity evaluation through examples and accompanying
explanations. To promote direct evaluation methods,
collaborative efforts among clinical experts are needed
to develop guidelines and methodological research for
selecting interventions and proper effect modifiers.
Emphasis should be placed on the importance of a tran-
sitive network of interventions supported by examples
from clinical practice and relevant literature.

The present study has several strengths; comprising
721 systematic reviews, it is the most comprehensive
empirical investigation of the reporting and evaluation
quality of the transitivity assumption. We assessed the
researchers’ awareness of both conceptual and statisti-
cal methods examining the impact of the PRISMA-NMA
statement on the completeness of reporting and evalu-
ating transitivity. Following relevant methodological
literature, we developed a set of reporting items appli-
cable at the protocol-writing phase and throughout the
conduct and reporting of a new systematic review. Our
framework aids in gauging NMA feasibility and comple-
ments existing guidelines [17, 24, 38—40], as well as the
PRISMA-NMA statement [11] for a more in-depth and
transparent reporting and evaluation of transitivity.

A limitation of our study is our pragmatic approach
to collecting systematic reviews published after the
PRISMA-NMA statement, driven by project time-
lines amid the exponential growth of such reviews [4].
This approach, though, may have missed some relevant
reviews. However, we do not anticipate that including all
eligible systematic reviews published after the statement
would have materially changed the trend of our results.
Furthermore, we attempted to determine the conclusions
of most researchers on transitivity, relying on a subjective
evaluation to some extent, as our judgements hinged on
the clarity of the systematic review reports. Additionally,
insufficient information in a few systematic reviews ham-
pered our judgement as to whether the researchers con-
ducted sensitivity or subgroup analysis. Finally, we did
not check whether our collection of systematic reviews
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published after the PRISMA-NMA release mentioned
to have been PRISMA-NMA compliant since this would
also require scrutinising all reports to judge the reporting
completeness of PRISMA-NMA, which was out of our
scope.

Conclusions

Despite conclusive evidence in certain Table 2 items,
there is limited awareness regarding appropriately report-
ing and evaluating the transitivity, which raises concerns
about the quality of the conclusions drawn from system-
atic reviews. The lack of a methodological framework for
transitivity evaluation and clear guidance on the conse-
quences of intransitivity and how systematic reviewers
should respond may partly contribute to this low aware-
ness. It is essential for systematic reviewers to always reg-
ister their protocol to international repositories, such as
PROSPERO. In the protocol, they should outline direct
and indirect methods, emphasising the former if limited
data prohibit the application of indirect methods. Plan-
ning the transitivity evaluation, reporting its results, and
documenting any challenges during the process should
be integral to the systematic review report. Efforts should
be put into justifying the inclusion or exclusion of some
interventions and doses and whether the investigated
network contains a jointly randomisable population, as
these considerations would determine the feasibility of
NMA [11].

Depending on data availability (i.e. enough trials per
comparison and fully reported effect modifiers) and
provided that the network connectivity is not compro-
mised, explicit statements should be made regarding the
implementation of network meta-regression, subgroup
analyses, and sensitivity analyses to investigate important
effect modifiers as possible sources of statistical hetero-
geneity and inconsistency. Statements on the plausibility
of transitivity and its implications on the quality of NMA
results should also be made explicit and accompanied by
the results of the direct and indirect methods employed
and the associated NMA parameters. If the feasibility
of the NMA cannot be ensured, systematic reviewers
should justify their decision to refrain from NMA or syn-
thesise only a part of the network, following a transpar-
ent transitivity evaluation.

Finally, careful consideration should be given to the
table of characteristics; presenting the characteristics
at the trial level, grouped by comparison, aids in assess-
ing the relevance of trials to the research question and
investigating clinical and methodological heterogeneity.
Summarising the characteristics at the comparison level
in tabular or graphical format, such as box and bar plots,
aids in the evaluation of transitivity.



Spineli et al. BMC Medicine (2024) 22:112

Abbreviations

cl Confidence interval

NMA Network meta-analysis

OR Odds ratio

PICO Population, interventions, comparators, and outcomes
PRISMA-NMA  Preferred Reporting Items for Systematic Reviews and Meta-

analyses extension statement for network meta-analysis

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512916-024-03322-1.

Additional file 1: Table S1. Results of the nmadb database [26] and a
previous empirical study [25] of systematic reviews published between
01/2011 and 04/2015. Table S2. Results of pragmatic searches of system-
atic reviews published between 2016 and 2021. Table S3. List of verbatim
on refraining from conducting network meta-analysis.

Additional file 2: Figure S1. Bubble plot on the distribution of the health
fields among systematic reviews published before and after the PRISMA-
NMA statement. Figure S2. Bar plots on location in the systematic review
report where the transitivity notion was found (plot (a)) and where con-
clusions about transitivity were found (plot (b)) among systematic reviews
published before and after PRISMA-NMA. Figure S3. Bar plots on whether
transitivity was evaluated as planned among systematic reviews published
before and after the PRISMA-NMA that planned transitivity evaluation in
the methods section. Figure S4. Bar plots on the conclusions regarding
transitivity among systematic reviews published before and after the
PRISMA-NMA statement that discussed transitivity. Figure S5. Bar plots on
the parameters considered when discussing the implications of transitiv-
ity evaluation on the network meta-analysis results among systematic
reviews published before and after the PRISMA-NMA statement. Figure
S6. Bar plots on the structure of the table of characteristics reported in
systematic reviews (plot (a)) and the location in the systematic review
report where the table of characteristics was found (plot (b)) among sys-
tematic reviews reported in systematic reviews published before and after
the PRISMA-NMA statement. Figure S7. Bar plots on whether (and which)
PRISMA statement was mentioned in the report among the 60 systematic
reviews published in 2016 and those in 2021.

Acknowledgements

Chrysostomos Kalyvas is employed by Merck Sharp & Dohme. Katerina
Papadimitropoulou is employed by Amaris Consulting. The authors alone are
responsible for the views expressed in this article, and they should not be con-
strued with the views, decisions, or policies of the institutions with which they
are affiliated. We would like to thank the reviewers for their helpful comments,
which greatly improved this article.

Authors’ contributions

LMS conceived the study. LMS, CK, SES, and KP designed the study. LMS col-
lected the eligible studies for the pilot study and full extraction. All authors
(LMS, CK, JJYN, AMGS, DCRP, SES, and KP) performed the pilot study and full
extraction. LMS performed the analyses and drafted the manuscript. LMS,

CK, JJYN, AMGS, DCRP, SES, and KP revised the manuscript, interpreted the
results, and critically reviewed the manuscript for intellectual content. LMS
produced the final version of the submitted article, and all co-authors (CK,
JJYN, AMGS, DCRP, SES, and KP) approved it. All authors read and approved the
final manuscript.

Funding

Open Access funding enabled and organized by Projekt DEAL. LMS received
funding from the German Research Foundation (Deutsche Forschungsge-
meinschaft; grant SP 1664/2-1). The sponsor had no influence on the study
design, collection, analysis, interpretation of data, reporting, and decision to
submit the article for publication.

Availability of data and materials
The data that support the findings of this study are available online at https://
github.com/LoukiaSpin/Empirical-study-transitivity-assumption-evaluation.git.

Page 16 of 17

The protocol for the extraction form is publicly available on figshare (https://
doi.org/10.6084/m9.figshare.23618037.v1). The list of the included systematic
reviews is publicly available on figshare (https://doi.org/10.6084/m?9.figshare.
23618040.v1). The list of verbatims is publicly available on figshare (https://doi.
0rg/10.6084/m?9.figshare.23618043.v2).

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Midwifery Research and Education Unit (OF 9210), Hannover Medical School,
Carl-Neuberg-StraRe 1, 30625 Hannover, Germany. 2Biostatistics and Research
Decision Sciences, MSD Europe Inc,, Brussels, Belgium. *School of Medicine,
Universidad de los Andes, Bogota, Colombia. *Pulmonology Service, Internal
Medicine Section, Fundacion Santa Fe de Bogoté University Hospital, Bogotd,
Colombia. *School of Global Health Management and Informatics, University
of Central Florida, Orlando, USA. ®Institute of Medical Biometry, University Hos-
pital Heidelberg, Heidelberg, Germany. ”Health Economics and Market Access,
Amaris Consulting, Lyon, France.

Received: 7 July 2023 Accepted: 27 February 2024
Published online: 13 March 2024

References

1. Bastian H, Glasziou P, Chalmers I. Seventy-five trials and eleven systematic
reviews a day: how will we ever keep up? PLoS Med. 2010;7(9):e1000326.

2. Efthimiou O, Debray TP, van Valkenhoef G, et al. GetReal in network
meta-analysis: a review of the methodology. Res Synth Methods.
2016;7(3):236-63.

3. Petropoulou M, Nikolakopoulou A, Veroniki AA, et al. Bibliographic study
showed improving statistical methodology of network meta-analyses
published between 1999 and 2015. J Clin Epidemiol. 2017,82:20-8.

4. Veroniki AA, Tsokani S, Zevgiti S, Pagkalidou I, Kontouli KM, Ambarcioglu
P et al. Do reporting guidelines have an impact? Empirical assessment of
changes in reporting before and after the PRISMA extension statement
for network meta-analysis. Syst Rev. 2021;10(1):246.

5. Salanti G. Indirect and mixed-treatment comparison, network, or
multiple-treatments meta-analysis: many names, many benefits, many
concerns for the next generation evidence synthesis tool. Res Synth
Methods. 2012;3(2):80-97.

6. Salanti G, Nikolakopoulou A, Sutton AJ, et al. Planning a future rand-
omized clinical trial based on a network of relevant past trials. Trials.
2018;19(1):365.

7. Baker SG, Kramer BS. The transitive fallacy for randomized trials: if A bests
B and B bests C in separate trials, is A better than C? BMC Med Res Meth-
odol. 2002;2:13.

8. Dias S, Ades AE, Welton NJ, Jansen JP, Sutton AJ. Introduction to Evidence
Synthesis. In: Network meta-analysis for decision making. Hoboken: Wiley;
2018.p. 1-17.

9. Linde K, Rucker G, Schneider A, Kriston L. Questionable assumptions
hampered interpretation of a network meta-analysis of primary care
depression treatments. J Clin Epidemiol. 2016;71:86-96.

10. Xiong T, Parekh-Bhurke S, Loke YK, et al. Overall similarity and consistency
assessment scores are not sufficiently accurate for predicting discrepancy
between direct and indirect comparison estimates. J Clin Epidemiol.
2013;66(2):184-91.

11. Hutton B, Salanti G, Caldwell DM, et al. The PRISMA extension statement
for reporting of systematic reviews incorporating network meta-analyses


https://doi.org/10.1186/s12916-024-03322-1
https://doi.org/10.1186/s12916-024-03322-1
https://github.com/LoukiaSpin/Empirical-study-transitivity-assumption-evaluation.git
https://github.com/LoukiaSpin/Empirical-study-transitivity-assumption-evaluation.git
https://doi.org/10.6084/m9.figshare.23618037.v1
https://doi.org/10.6084/m9.figshare.23618037.v1
https://doi.org/10.6084/m9.figshare.23618040.v1
https://doi.org/10.6084/m9.figshare.23618040.v1
https://doi.org/10.6084/m9.figshare.23618043.v2
https://doi.org/10.6084/m9.figshare.23618043.v2

Spineli et al. BMC Medicine

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

(2024) 22:112

of health care interventions: checklist and explanations. Ann Intern Med.
2015;162(11):777-84.

Donegan S, Williamson P, Gamble C, Tudur-Smith C. Indirect compari-
sons: a review of reporting and methodological quality. PLoS ONE.
2010;5(11):11054.

Jansen JP, Naci H. Is network meta-analysis as valid as standard pairwise
meta-analysis? It all depends on the distribution of effect modifiers. BMC
Med. 2013;11:159.

Cipriani A, Higgins JP, Geddes JR, Salanti G. Conceptual and technical
challenges in network meta-analysis. Ann Intern Med. 2013;159(2):130-7.
Chaimani A, Caldwell DM, Li T, Higgins JPT, Salanti G. Additional consid-
erations are required when preparing a protocol for a systematic review
with multiple interventions. J Clin Epidemiol. 2017,83:65-74.

Chaimani A, Salanti G, Leucht S, Geddes JR, Cipriani A. Common pitfalls
and mistakes in the set-up, analysis and interpretation of results in net-
work meta-analysis: what clinicians should look for in a published article.
Evid Based Ment Health. 2017;20(3):88-94.

Cope S, Zhang J, Saletan S, Smiechowski B, Jansen JP, Schmid P. A process
for assessing the feasibility of a network meta-analysis: a case study of
everolimus in combination with hormonal therapy versus chemotherapy
for advanced breast cancer. BMC Med. 2014;12:93.

Papakonstantinou T, Nikolakopoulou A, Egger M, Salanti G. In network
meta-analysis, most of the information comes from indirect evidence:
empirical study. J Clin Epidemiol. 2020;124:42-9.

Glenny AM, Altman DG, Song F, et al. Indirect comparisons of competing
interventions. Health Technol Assess. 2005:9(26):1-134, iii—iv.

Cooper NJ, Sutton AJ, Morris D, Ades AE, Welton NJ. Addressing between-
study heterogeneity and inconsistency in mixed treatment comparisons:
application to stroke prevention treatments in individuals with non-
rheumatic atrial fibrillation. Stat Med. 2009;28(14):1861-81.

Song F, Loke YK, Walsh T, Glenny AM, Eastwood AJ, Altman DG. Meth-
odological problems in the use of indirect comparisons for evaluating
healthcare interventions: survey of published systematic reviews. BMJ.
2009;338:b1147.

Edwards SJ, Clarke MJ, Wordsworth S, Borrill J. Indirect comparisons of
treatments based on systematic reviews of randomised controlled trials.
Int J Clin Pract. 2009;63(6):841-54.

Bucher HC, Guyatt GH, Griffith LE, Walter SD. The results of direct and indi-
rect treatment comparisons in meta-analysis of randomized controlled
trials. J Clin Epidemiol. 1997;50(6):683-91.

Jansen JP, Fleurence R, Devine B, et al. Interpreting indirect treatment
comparisons and network meta-analysis for health-care decision making:
report of the ISPOR Task Force on Indirect Treatment Comparisons Good
Research Practices: part 1. Value Health. 2011;14(4):417-28.

Spineli LM, Yepes-Nurfiez JJ, Schinemann HJ. A systematic survey shows
that reporting and handling of missing outcome data in networks of
interventions is poor. BMC Med Res Methodol. 2018;18(1):115.
Papakonstantinou T. nmadb: Network Meta-Analysis Database API. R
package version 1.2.0. 2019. Retrieved from https://CRAN.R-project.org/
package=nmadb.

Spineli LM, Kalyvas C, Yepes-Nufiez JJ, Garcia Sierra AM, Rivera-Pinzén DC,
Seide SE, et al. Included systematic reviews. figshare. Journal contribu-
tion. Retrieved from https://doi.org/10.6084/m9.figshare.23618040.v1.
2023.

Spineli LM, Kalyvas C, Yepes-Nufiez JJ, Garcia Sierra AM, Rivera-Pinzén DC,
Seide SE, et al. Extraction form protocol. figshare. Journal contribution.
Retrieved from https://doi.org/10.6084/m?9.figshare.23618037.v1. 2023.
Dias S, Sutton AJ, Welton NJ, Ades AE. Evidence synthesis for decision
making 3: heterogeneity-subgroups, meta-regression, bias, and bias-
adjustment. Med Decis Making. 2013;33(5):618-40.

R Core Team. R: a language and environment for statistical computing.
Vienna, Austria: R Foundation for Statistical Computing; 2023. Retrieved
from https://www.r-project.org.

Wickham H. ggplot2: elegant graphics for data analysis. New York:
Springer-Verlag; 2016.

Spineli LM, Kalyvas C, Yepes-Nufez JJ, Garcia Sierra AM, Rivera-Pinzén DC,
Seide SE, et al. List of verbatims. figshare. Journal contribution. Retrieved
from https://doi.org/10.6084/m9.figshare.23618043.v2. 2023.

Reinecke H, Weber C, Lange K, Simon M, Stein C, Sorgatz H. Analgesic
efficacy of opioids in chronic pain: recent meta-analyses. Br J Pharmacol.
2015;172(2):324-33.

34.

35.

36.

37.

38.

39.

40.

Page 17 of 17

Mehrholz J, Pohl M, Kugler J, Elsner B. The improvement of walking ability
following stroke. Dtsch Arztebl Int. 2018;115(39):639-45.

Piechotta V, Jakob T, Langer P, Monsef |, Scheid C, Estcourt LJ, et al. Mul-
tiple drug combinations of bortezomib, lenalidomide, and thalidomide
for first-line treatment in adults with transplant-ineligible multiple
myeloma: a network meta-analysis. Cochrane Database Syst Rev.
2019;2019(11):CD013487.

Parry Smith WR, Papadopoulou A, Thomas E, Tobias A, Price MJ, Meher

S, et al. Uterotonic agents for first-line treatment of postpartum
haemorrhage: a network meta-analysis. Cochrane Database Syst Rev.
2020;11(11):CD012754. https://doi.org/10.1002/14651858.CD012754.
pub2.

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med. 2009;6(7):e1000097.

Hoaglin DC, Hawkins N, Jansen JP, et al. Conducting indirect-treatment-
comparison and network-meta-analysis studies: report of the ISPOR Task
Force on Indirect Treatment Comparisons Good Research Practices: part
2.Value Health. 2011;14(4):429-37.

Jansen JP, Trikalinos T, Cappelleri JC, et al. Indirect treatment comparison/
network meta-analysis study questionnaire to assess relevance and cred-
ibility to inform health care decision making: an ISPOR-AMCP-NPC Good
Practice Task Force report. Value Health. 2014;17(2):157-73.

Ades AE, Caldwell DM, Reken S, Welton NJ, Sutton AJ, Dias S. Evidence
synthesis for decision making 7: a reviewer's checklist. Med Decis Making.
2013;33(5):679-91.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://CRAN.R-project.org/package=nmadb
https://CRAN.R-project.org/package=nmadb
https://doi.org/10.6084/m9.figshare.23618040.v1
https://doi.org/10.6084/m9.figshare.23618037.v1
https://www.r-project.org
https://doi.org/10.6084/m9.figshare.23618043.v2
https://doi.org/10.1002/14651858.CD012754.pub2
https://doi.org/10.1002/14651858.CD012754.pub2

	Low awareness of the transitivity assumption in complex networks of interventions: a systematic survey from 721 network meta-analyses
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Systematic review selection
	Extraction process
	The extracted reporting items
	Awareness and evaluation of the transitivity assumption
	Acknowledging the implications of transitivity evaluation
	Reporting the table of characteristics

	Statistical analysis and results presentation
	Tabulation and binomial logistic regression
	Ad hoc analysis on reporting completeness: 2016 versus 2021
	Figures and statistical software


	Results
	Distribution of health fields
	Awareness and evaluation of the transitivity assumption
	Protocol level: reporting and evaluating transitivity
	Systematic review level: reporting and evaluating transitivity
	Systematic review level: discussing the transitivity evaluation
	Systematic review level: reporting the table of characteristics

	Improvements and gaps in reporting and evaluating transitivity
	Ad hoc analysis on reporting completeness: 2016 versus 2021


	Discussion
	Conclusions
	Acknowledgements
	References


