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Abstract
In 2006, Peters et al. identified 86 systematic reviews (SRs) of laboratory animal experiments (LAEs). They found 46 LAE metaanalyses (MAs), often of poor quality. Six of these 46 MAs tried to assess publication bias. Publication bias is the phenomenon
of an experiment’s results determining its likelihood of publication, often over-representing positive findings. As such,
publication bias is the Achilles heel of any SR. Since researchers increasingly become aware of the fact that SRs directly
support the ‘three Rs’, we expect the number of SRs of LAEs will sharply increase. Therefore, it is useful to see how
publication bias is dealt with. Our objective was to identify all SRs and MAs of LAEs where the purpose was to inform human
health published between July 2005 and 2010 with special attention to MAs’ quality features and publication bias. We
systematically searched Medline, Embase, Toxline and ScienceDirect from July 2005 to 2010, updating Peters’ review. LAEs
not directly informing human health or concerning fundamental biology were excluded. We found 2780 references of which
163 met the inclusion criteria: 158 SRs, of which 30 performed an MA, and five MAs without an SR. The number of SRs roughly
doubled every three years since 1997. The number of MAs roughly doubled every five years since 1999. Compared with before
July 2005, more MAs were preceded by SR and reported on (quality) features of included studies and heterogeneity. A
statistically significant proportion of MAs considered publication bias (26/35) and tried to formally assess it (21/35).
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Many laboratory animal experiments (LAEs) are performed
to inform human health. They may play an important role in
the identiﬁcation and development of drugs, medical
devices and surgical procedures, in making risk assessments
for safe human exposure and increasing biological knowledge.1 It would seem rational to critically review the relevant LAEs before new LAEs and, in particular, clinical
trials in humans are performed. Systematic reviews (SRs)
and, where appropriate, meta-analyses (MAs) are suitable
tools to summarize the current evidence on a given
subject and therefore directly support the ‘three Rs’ (replacement, reduction and reﬁnement), for example, by preventing unnecessary duplication of animal studies. SRs and
MAs play an important role in physics, the social sciences
and medicine. However, a few years ago, several studies
have shown that, especially compared with other research
ﬁelds, relatively few SRs and MAs had been performed in
LAEs. In 2004, about one in every 1000 Medline records
about human research were said to be tagged as an MA,
compared with one in 10,000 records about animal
research.2 In 2006, Mignini and Khan3 tried to collect all

LAE SRs and found 30. By contrast, around the same
time, Peters et al.,4 found 86 SRs. The discrepancy is
explained by the fact that Peters et al. searched more databases, used a broader deﬁnition of LAEs and also included
studies reviewing human evidence in addition to LAEs.
Unfortunately, SRs and MAs are sensitive to publication
bias. Publication bias is the phenomenon of an experiment’s
results determining its likelihood of publication, often
leading to severe under-representation of negative ﬁndings.5 Since unpublished study results are hard to ﬁnd, publication bias is the Achilles heel of any SR and may lead to
biased syntheses of the evidence in any given ﬁeld.
Publication bias has often been demonstrated in clinical
sciences,6 but little is known about its extent in LAE.3,7,8
However, many authors speculate that publication bias
may be common in LAE3,9 and the number of published
negative results of LAEs is surprisingly low.10
Interestingly, authors of SRs and MAs of LAEs often do
not (explicitly) consider the fact that their results might be
biased by publication bias. Mignini and Khan3 concluded
that only ﬁve out of 30 SRs assessed the risk of publication
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bias. Peters et al. found that only 17 out of 46 MAs mentioned and, to some extent, considered publication bias.
Only six of these made an effort to assess it by means of
visual or statistical methods.4 We expect that over the next
decade the number of SRs and MAs of LAEs will sharply
increase. Therefore, it is useful to see how publication bias
may be dealt with.
The objective of this study is to identify all SRs and MAs
of LAEs published between July 2005 and 2010, thereby
updating the earlier work by Peters et al. To facilitate a comparison with the period before July 2005, we also assessed
how the MAs scored on several quality features and how
they dealt with potential publication bias.

biology, physical functioning or behaviour and was not
directly to inform human health.
One author (DK) extracted relevant data of the included
articles. Of the SRs, authors, publication year, country,
journal, objective, search strategy, assessment of study
quality and any comments on publication bias were
extracted. From MAs, additionally, data on species,
number of experiments included and details on the
methods used (effect estimates reported, assessment of
heterogeneity and synthesis method used) were extracted.
These data were compared with the results before July
2005. Ninety-ﬁve percent conﬁdence intervals (CIs) for
differences between proportions were calculated using
exact binomial methods using STATA version 10.1.

Materials and methods
We systematically searched Medline, Embase, Toxline and
ScienceDirect, all from July 2005 to 2010. There were no
language restrictions. For details on the search, see
Supplementary ﬁle 1 [http://la.rsmjournals.com/cgi/content/
full/la.2011.010121/DC1]. In addition, reference lists of relevant articles were manually checked to identify studies
missed by our database searches. We did not search any
grey literature (i.e. literature that has not been formally published) since Peters et al. found no relevant reports out of 960
hits before July 2005. One author (DK) assessed all search
results. When a title and/or abstract could not with certainty
be rejected, the full text of the paper was obtained and
assessed for inclusion. When there was any doubt of
whether an article fulﬁlled the inclusion criteria, the case
was discussed with a co-author (LH/GtR).
To facilitate a formal comparison, we used similar criteria
to identify relevant SRs and MAs of LAEs as Peters et al. An
article was tagged as an SR if it gave details on the source(s)
of evidence and some information on at least one of the following: search terms used, any limitation placed on the
search, or inclusion and exclusion criteria. To qualify as an
MA, a paper had to report on some form of quantitative
synthesis of results of more than one experiment.
SRs and MAs were included if they involved in vivo LAEs,
where the purpose of reviewing animal evidence was to
inform human health and could be allocated to one of the
following groups:

Results
Figure 1 shows the ﬂow of references from electronic
searches to ﬁnal inclusion in our review. The searches identiﬁed 2780 references of which 163 fulﬁlled the inclusion criteria. We excluded 35 studies in whose title, abstract or
methods it was claimed that an SR or a systematic search
had been performed. However, these papers contained no
details on the methods used. Seven studies pertained to
SR or MA of LAEs but were excluded because their main
purpose was not to inform human health.11 – 17
So in total we found 158 SRs of LAEs published between
July 2005 and 2010, of which 30 also included an MA. We
found ﬁve MAs of LAEs which did not fulﬁl the criteria
of an SR. Figure 2 shows to what type of animal research,

(1) A medical intervention was applied, subdivided in
measurement of:
(a) Efﬁcacy of a medical intervention;
(b) Side-effects of a medical intervention, or its toxicity;
(c) The mechanisms of action of a medical intervention.
(2) Risk factor research (epidemiological associations or
mechanisms of action of disease).
(3) Effects of an exposure to a chemical substance were
measured.
(4) An overview of animal models for disease was given.
(5) The accuracy of a test to diagnose disease was measured.
Articles including other experiments, such as human
studies, in addition to the LAEs were also included. We
excluded genome-wide association studies and LAEs
whose main purpose was to learn more about fundamental

Figure 1 Flowchart showing how the papers entered the review
SR: systematic review; MA: meta-analysis; LAE: laboratory animal experiment
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Figure 2 Type of research that was reviewed. The first dot plot shows the
type of animal research which the included systematic reviews (without
meta-analysis) reviewed in percentages. The second dot plot shows the
type of animal research which the included meta-analysis (with or without a
systematic review) reviewed in percentages

as deﬁned in the Materials and methods section, the
included papers were allocated. Supplementary ﬁle 2
[http://la.rsmjournals.com/cgi/content/full/la.2011.010121/
DC2] shows a reference list of all the included articles.
Systematic reviews
Table 1 compares the SRs performed after July 2005 with those
found by Peters et al. Individual summaries of all the included
SRs are in Supplementary ﬁles 3 [http://la.rsmjournals.com/
cgi/content/full/la.2011.010121/DC3] and 4 [http://la.
rsmjournals.com/cgi/content/full/la.2011.010121/DC4].
The number of published SRs of LAEs has been growing
over the past 15 years. There are now 244 SRs and the
number about doubled every three years as of 1997 (Figure 3).
As before July 2005, the majority of the SRs evaluate a
medical intervention. In the subgroup of SRs that performed
an MA this percentage was even higher. The percentage of
SRs incorporating human evidence was comparable before
and after July 2005, as is the case with SRs searching more
than one source of evidence. Only 15 SRs not performing
an MA assessed study quality of included articles and
only 10 commented on the possibility that ﬁndings might
be distorted by publication bias. How SRs performed
before July 2005 scored on these items is unknown.

Table 2 compares MAs published before July 2005 with
those published later. Individual summaries of all the
included MAs are in Supplementary ﬁle 4.
There are now 81 published MAs of LAEs. As of 1999, the
number of MAs of LAEs roughly doubled every ﬁve years
(Figure 4). MAs performed after July 2005 more often evaluate a medical intervention (group A) than those before. In
addition, a larger percentage is preceded by an SR.
Some general features, such as the percentage of studies
incorporating human data, the minimum and maximum
number of experiments combined and the number of
species included, have not changed. All the MAs performed
after July 2005 reported the number of studies being combined and the number of MAs providing exact details
on animal species has grown. Furthermore, the percentage
of MAs assessing study quality and between-study heterogeneity has increased.
Publication bias
The proportion of MAs commenting on the possibility that
their results might be affected by publication bias increased
from 37% before to 74% after July 2005. Four MAs performed after July 2005 mentioned that their results might
be biased by publication bias but made no effort to assess
it more formally and one mentioned that the number of
publications was too small to test for publication bias statistically. Nine MAs did not mention publication bias. Four
of the latter group performed an MA not preceded by an SR.
The proportion of MAs trying to assess publication bias
increased from 13% before to 60% after July 2005. The
ways in which publication bias was addressed were
Egger’s test for funnel plot asymmetry, the Fail-Safe
Number (indicating the number of negative studies necessary to render the pooled estimate non-signiﬁcant18), the
‘trim and ﬁll’ method (imputes missing studies based on a
statistical model18) and comparison of abstracts with full
papers (Table 3).

Discussion
Using SR methods, we updated previous work by Peters
et al. and found that the number of published SRs of
LAEs increased from 86 to 244 between mid-2005 and
2010. The number of LAE SRs roughly doubled every

Table 1 Features of systematic reviews of laboratory animal experiments published before and after July 2005
Systematic review characteristic

Before July 2005
n (%)

July 2005 –2010
n (%)

Total number
Evaluating a medical intervention (group A)
Reviewing research on risk factors for disease (group B)
Reviewing research on effects of exposure to chemicals (group C)
Also performing a meta-analysis
of which evaluate a medical intervention (group A)
Assessing human evidence in addition to laboratory animal experiments
Searching more than one source of evidence

86
71
–
–
29
23
52
73

158
115
22
16
30
27
104
125

(100)
(83)

(34)
(79)
(60)
(85)
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(100)
(73)
(14)
(10)
(19)
(90)
(66)
(79)

Difference % (95%
confidence interval)
29.8 (220.4 to 0.8)

214.7
10.7
5.4
25.8

(226.4 to 23.0)
(27.5 to 28.9)
(27.3 to 18.1)
(215.6 to 4.1)
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Figure 3 Systematic reviews of laboratory animal experiments. Bar graph
shows the number of published systematic reviews (SRs) of laboratory
animal experiments (LAEs) for the years 1990 – 2010. Line graph shows the
cumulative number of such reviews. As of 1997, the number of SRs of LAEs
about doubles every three years

Figure 4 Meta-analyses of laboratory animal experiments. Bar graph shows
the number of published meta-analyses (MAs) of laboratory animal experiments (LAEs) for the years 1990 –2009. Line graph shows the cumulative
number of such meta-analyses. As of 1999, the number of MAs of LAEs
about doubles every five years

three years as of 1997. Similarly, the number of published
LAE MAs increased from 35 to 66 roughly doubling every
ﬁve years since 1999. Compared with the number of SRs
and MAs of clinical trials and observational studies in
humans (over 23,000 through Medline alone), the absolute
numbers in LAEs are still modest, but the growth rate is
impressive.
The quality of MAs seems to be increasing. A larger percentage is being preceded by an SR (statistically signiﬁcant
improvement by 23% [95% CI 4.5 –40.8]), thus ensuring
proper searches and data extraction methods, reporting of
the number of studies combined (statistically signiﬁcant
improvement by 11% [95% CI 1.9– 19.9]) and providing
details on animal species included (improvement by 11%
not statistically signiﬁcant [95% CI 214.1– 25.7]).
Furthermore, study quality of included studies is more
often assessed (statistically signiﬁcant improvement by
27% [95% CI 5.6– 47.8]), as in the case for between-study
heterogeneity (improvement by 6% not statistically signiﬁcant [95% CI 215.1 – 27.8]). Unfortunately, in SRs not performing an MA, study quality and publication bias are
seldom considered or assessed.

Among meta-analysts of LAEs the awareness of publication bias appears to have grown over the last ﬁve years.
Seventy-four percent (26/35) mentioned it, compared with
37% (17/46) before July 2005. This is a statistically signiﬁcant improvement by 37% (95% CI 17.2 – 57.4).
Furthermore, 60% (21/35) formally addressed publication
bias, compared with 13% (6/46) before July 2005. This is a
statistically signiﬁcant improvement by 47% (95% CI 28.0 –
65.9). In the MAs assessing publication bias, evidence was
found in 62% (13/21) (up from 50% [3/6]). However, the
value of methods to assess publication bias in MAs
should not be overestimated. Funnel plot asymmetry
cannot be translated into evidence for publication bias
straightforwardly because other phenomena may cause
asymmetry, as is the same for the ‘trim and ﬁll’ method.18
In addition, the power of Egger’s test for funnel plot asymmetry is low unless there is severe bias.18 Finally, different
versions of the Fail-Safe Number produce different results
and no statistical criterion exists for its interpretation.18
Therefore, publication bias may be underestimated as well
as overestimated with these methods. However, we think
that its existence is plausible.

Table 2 Features of meta-analyses of laboratory animal experiments published before and after July 2005
Meta-analysis characteristic

Before July 2005
n (%)

July 2005 –2010
n (%)

Total number
Evaluating a medical intervention (group A)
Preceded by a systematic review
Combining animal with human data
Reporting the number of studies being combined
Minimum number of experiments combined
Maximum number of experiments combined
Providing exact details on species included
Including only one species or strain of animal
Assessing study quality of included articles
Attention to between-study heterogeneity
Assessing between-study heterogeneity
Attention to publication bias
Assessing publication bias
of which find evidence of publication bias

46
30
29
5
41
3
397
37
14
14
34
26
17
6
3

35
29
30
4
35
3
484
32
13
20
24
22
26
21
13

(100)
(65)
(63)
(11)
(89)

(80)
(30)
(30)
(74)
(57)
(37)
(13)
(50)

Difference % (95%
confidence interval)

(100)
(83)
(86)
(11)
(100)

17.6
22.7
0.6
10.9

(91)
(37)
(57)
(69)
(63)
(74)
(60)
(62)

11.0
6.7
26.7
25.3
6.3
37.3
47.0
11.9
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(21.0 to 36.2)
(4.5 to 40.8)
(213.3 to 14.4)
(1.9 to 19.9)

(23.8 to 25.7)
(214.1 to 27.5)
(5.6 to 47.8)
(225.3 to 14.6)
(215.1 to 27.8)
(17.2 to 57.4)
(28.0 to 65.9)
(233.2 to 257.0)
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Table 3 Methods for assessment of publication bias used in
meta-analyses published before and after July 2005
Method for assessment
of publication bias

Before July 2005
n (%)

July 2005– 2010
n (%)

Meta-analyses assessing
publication bias
Funnel plot only
Egger’s test only
Funnel plot & Egger’s test
Fail-Safe Number
Trim and fill method
Comparison of abstracts
with full papers

6 (100)

21 (100)

0
2
2
1
0
1

7
0
11
2
1
0

(0)
(33)
(33)
(17)
(0)
(17)

(33)
(0)
(52)
(10)
(5)
(0)

Our study has some limitations. Firstly, our deﬁnition of
SR causes that also several reviews have been included
which do not fulﬁl the deﬁnition of SR as deﬁned by the
Cochrane Collaboration,19 an international non-proﬁt
organization that promotes the production and accessibility
of SRs. Many studies included in this review performed a
systematic search but the presentation of their results is
more narrative rather than systematic since, for example,
study quality of included studies is often not assessed.
However, we maintained the deﬁnition used by Peters
et al. for comparability.
Secondly, our deﬁnition of LAE was slightly different
from Peters et al., with ﬁve subgroups instead of three. We
added two subgroups since we considered the subgroup
of LAEs ‘measuring an epidemiological association’, as
described by Peters et al., rather vague. However, we do
not expect this to have affected our results to an important
degree since 83% of the included studies fall in subgroup
A, in which a medical intervention was applied, or subgroup C, in which effects of an exposure to a chemical substance were measured, which were similar in both studies. A
large proportion, if not all, of the remaining 17% may be
included in the ‘epidemiological association’ subgroup
used by Peters et al.
Thirdly, our results might be biased by publication bias.
Although we did a thorough literature search, we did not
search any grey literature since Peters et al. searched
Cancerlit, UK DoH, Graylit, Agricola and British Library
and found 0 out of 960 candidate references. However,
even if we have missed studies, this would not change
our main ﬁnding that the number of SRs and MAs in
LAEs has increased strongly.
Finally, we were not able to check to which extent the
included MAs adhered to the guidelines for good quality
reporting of MAs of LAEs as proposed by Peters et al. and
which were based on the guidelines of the Quality of
Reporting of MA (QUOROM) statement.20 Peters et al. presented the results of the MAs before July 2005 but did not
clearly describe how they applied these guidelines. With
the help of the reference list of included MAs provided by
Peters et al., we tried to reproduce their methods of
scoring. However, when we applied the guidelines to
these references exactly, the results were different from
those presented by Peters et al. Therefore, we concluded
that they had used a different method of scoring and
exact comparison seemed impossible.

How might SRs and MAs affect the 3Rs? SRs and MAs
help to reﬁne LAEs since mistakes made by others performing a similar study can be prevented. For example, they can
give us important insights into limitations of particular
animal models, deﬁciencies in experimentals’ design or
execution, and reporting. These insights provide the opportunity to improve the quality of the research process. MAs
offer a unique opportunity to explore the reasons behind
heterogeneity of ﬁndings from related studies. Different
animal species and models can be included and compared
with each other and with SRs and MAs of human research.
This may lead to more knowledge about consistency and
generalizability of effects between these different groups.
Quality of conduct and reporting can be assessed by
scoring included studies using a relevant and standardized
checklist. For example, the CAMARADES collaboration
published a checklist for study-quality of preclinical stroke
research.21 There are several examples in which there was
an inverse association between studies’ methodological
quality and the magnitude of their ﬁndings.22 – 24
Results of SRs and MAs provide an overview of all the
available evidence on a given subject. Since more data are
combined, the precision of estimated effects is usually
much increased, resulting in conclusions with more power
than those of a single study. This increased precision
reduces the number of animals needed in future experiments, directly supporting the principle of reduction. On
the other hand, it may become clear that larger studies are
needed to solve a particular problem. This may imply
expansion on the short term, but reduction ultimately. By
means of cumulative MA, newer trials can be added to
update the MA.25,26 The increased precision of estimated
effects provides the possibility to select the most promising
treatments and therefore ensures a better translation to
human research. This way, performing more SRs might
also promote a closer cooperation between animal and
human research.
However, performing more of these studies also poses
some concerns. Firstly, the large number of studies claiming
to have performed an SR or systematic search but lack
details of their methods of searching is a cause for
concern. The credibility of these studies is low since the
reader does not know how thoroughly the literature was
searched and replication is not possible. Secondly, SRs
and, especially, MAs are sensitive to several types of bias.
Poor quality of included studies, between-study heterogeneity and publication bias can signiﬁcantly affect results, and
must therefore always be assessed and, where possible,
accounted for. Publication bias may lead to unnecessary
duplication of research efforts and waste of time, money
and animals. If one agrees that SRs and MAs are important
to any ﬁeld of science, it is also important to tackle the issue
of publication bias since it may compromise the validity of
these studies. Although there are statistical techniques to
estimate the extent of the problem, a more fundamental solution is to simply have all the relevant data available avoiding the need for statistical assumptions that cannot always
be checked.
The rise of SRs and MAs in the ﬁeld of applied clinical
medicine caused reviewers to become much more aware
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of the impact poor study quality, between-study heterogeneity and publication bias may have on their study results.
This, in turn, led to a wide debate on these problems and
potential solutions, for example trial registries.27,28 Since
2005, many top medical journals vowed to no longer
publish unregistered trials although this has proven difﬁcult.29 Considering the growing number of MAs that
assessed study quality and publication bias, it seems that
the performance of SRs and MAs has a similar effect
in the LAE ﬁeld. However, little is currently known about
the extent of publication bias in this ﬁeld. The evidence
that does exist indicates that LAEs too are affected by publication bias.10 An obvious approach would be to, either
prospectively or historically, follow up a cohort of ethically
approved protocols of LAEs.6,30 This way, the proportion
of studies that are being ﬁnished and published can be
established and determinants of (non-)publication studied.
In summary, compared with human research, the absolute number of SRs and MAs of LAEs appears to be low.
However, the number has been growing strongly since
July 2005. Furthermore, the quality of MAs has increased
and publication bias is more often considered and assessed.
The majority of the MAs that assess publication bias ﬁnd
evidence of missing ‘negative’ studies, indicating that this
problem should probably not be underestimated.
Therefore, we recommend that further research is performed to determine the extent of publication bias in the
LAE ﬁeld. In the meantime, given SRs’ potential for
reduction and reﬁnement, it seems advisable for animal
researchers to consider performing an SR before embarking
on new experiments.
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