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Abstract

Since the early 1990s the number of systematic reviews (SR) of animal studies

has steadily increased. There is, however, little guidance on when and how

to conduct a meta-analysis of human-health-related animal studies. To gain

insight about the methods that are currently used we created an overview

of the key characteristics of published meta-analyses of animal studies, with a

focus on the choice of effect size measures. An additional goal was to learn

about the rationale behind the meta-analysis methods used by the review

authors. We show that important details of the meta-analyses are not

fully described, only a fraction of all human-health-related meta-analyses

provided rationales for their decision to use specific effect size measures. In

addition, our data may suggest that authors make post-hoc decisions to switch

to another effect size measure during the course of their meta-analysis, and

possibly search for significant effects. Based on analyses in this paper we

recommend that review teams: 1) publish a review protocol before starting

the conduct of a SR, prespecifying all methodological details (providing

special attention to the planned meta-analysis including the effect size

measure and the rational behind choosing a specific effect size, prespecifying

subgroups and restricting the number of subgroup analyses), 2) always use the

Preferred Reporting Items for Systematic Review and Meta-Analyses

(PRISMA) checklist to report your SR of animal studies, and 3) use the random

effects model (REM) in human-health-related meta-analysis of animal studies,

unless the assumptions for using the fixed effect model (FEM) are all met.
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Highlights
• The design and conduct of animal studies differs from clinical studies in a

number of aspects, as a consequence meta-analysis methodology and guide-
lines for the interpretation of the results need to be tailored specifically to
animal study data

• There is, little guidance available on when and how to conduct a meta-
analysis of human-health-related animal studies

• To gain insight about the methods that are currently used we present an
overview of the key characteristics of published meta-analyses of animal
studies, with a focus on the choice of effect size measures.

• We show that important details of the meta-analyses are not fully described,
and suggest that authors make post-hoc decisions to switch to another effect
size measure during the course of their meta-analysis, and possibly search
for significant effects.

1 | INTRODUCTION

Since Cochran published the first formalized meta-
analytic methods in 1954,1 and Smith and Glass publi-
shed the first meta-analysis in social sciences in 1977,2

this method of synthesizing results across studies in order
to obtain robust and informative evidence summaries has
become widely used. This is no surprise as meta-analyses
often provide clear overviews of available evidence
as well as guidance for future research on topics with
inconclusive data.

One consequence of the widespread use of meta-
analysis to summarize evidence is that it has changed
how scientists view the results of individual primary
studies. A new study is now often seen as a contribu-
tion to a body of evidence instead of a conclusive
answer to a scientific question.3 In addition, the pro-
cess of conducting meta-analyses often revealed vari-
ous shortcomings of the included original papers that
impacted the ability to conduct analyses or sensitivity
analyses. Scientists are now, for example, more aware
of the need to improve reporting standards of individ-
ual studies, the risk of bias caused by poor methodolog-
ical quality and the value of publishing null or negative
results.

Despite these clear advantages of conducting meta-
analyses, it took almost two more decades after the publi-
cation of Smith and Glass before the first meta-analysis
of animal studies was conducted (1994),4 and two more
decades for meta-analyses of animal studies to become
relatively common.

One reason for this slow adoption may be that animal
researchers are generally unfamiliar with systematic
review and meta-analysis methodology, even though
there is some tailored guidance available on when and
how to conduct meta-analysis of animal studies.5–8

The basic principles of the methodology used for
meta-analysis of animal studies are largely similar to
those used for clinical meta-analysis. However, animal
studies differ from clinical studies in a number of
aspects: 1) animal studies show far greater diversity in
the species studied, the experimental design used, and
other study characteristics, 2) animal studies have goals
beyond establishing efficacy of an intervention, 3) the
goal of meta-analysis of animal studies is generally not
to pinpoint the effect estimate (as in clinical meta-analy-
sis), but rather to assess the direction and magnitude of
the effect and explore sources of heterogeneity; and 4) it
is common for meta-analyses of animal studies to con-
tain dozens or even hundreds of studies, with small
sample sizes per study, rather than a small number of
comparatively large studies, as is common in clinical
meta-analyses. Because of these aspects, both the meta-
analysis methodology and guidelines for the interpreta-
tion of the results need to be tailored specifically to ani-
mal study data.

Meta-analyses of human-health-related animal stud-
ies often have one of two purposes: 1) to facilitate
healthcare decisions and medical research; and/or 2) to
support hazard or risk decisions in toxicology. They may,
for example, aid the selection of interventions with thera-
peutic potential to be tested in clinical trials, inform regu-
latory decisions limiting human exposure to drugs or
toxicants, or guide decisions on the utility of further ani-
mal studies.

Many methodological decisions need to be made
when conducting a meta-analysis. For example, which
effect size measure will be used for each outcome, how
the heterogeneity between the studies will be identified
and analyzed, which effect model will be used
(e.g., fixed effect model (FEM) or random effects model
(REM)), whether subgroup analyses or meta-regression
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is planned and whether the subgroups are predefined.
Importantly, these decisions should be made and docu-
mented a priori, before conducting any analyses, in
order to prevent bias in the analysis and avoid data
dredging.

One important aspect of meta-analysis methodology is
the choice of effect size measure. In the majority of animal
studies, many outcomes are reported on a continuous scale
(e.g., weight gain in grams). For such continuous outcome
measures, three effect size measures can be used: the
mean difference (MD, the absolute difference between the
group means), the standardized mean difference (SMD,
the difference between the group means relative to the
standard deviation), or the normalized mean difference
(NMD, the difference between the group means expressed
as a proportion of the mean in the control group).

The MD can be used when all studies report their out-
come data in the same unit of measurement, and the
reported unit of measurement has the same meaning in
all studies. This is not always the case: the units of mea-
surement often differ between studies (e.g., some express
weight gain in grams, others in % increase) and some-
times the interpretation of the same unit of measurement
differs between populations (e.g., a weight gain of 6 g has
a different meaning in studies using mice vs. studies
using dogs). The SMD was developed to overcome this
problem, and is obtained by dividing the MD by study's
pooled standard deviation, to create an effect estimate
that is comparable across studies.

The NMD is an effect size measure that is (to our
knowledge) only used in meta-analyses of animal
studies. It was first described by CAMARADES
(Collaborative Approach to Meta-Analysis and Review
of Animal Data from Experimental Studies) in 2008.9

The NMD can be used when the measurements for nor-
mal, untreated, nonlesioned (sham) animals are known
or can be inferred. A sham animal or sham treatment
is a often a faked (surgical) intervention that omits the
step that is thought to be therapeutically necessary.
Including the values of a sham treatment in the effect
size measure is a useful approach as it relates the mag-
nitude of effect in the treatment group to a normal,
healthy animal. Another advantages of the NMD is that
the MD is expressed as a proportion of the mean in the
control group, which may be easier to interpret.10

Without sham animals, the interpretation of the NMD
changes, and the NMD becomes almost similar to the
ratio of means, which is scarcely used in meta analyses
of clinical trials. For more information about the vari-
ous continuous effect size measures, and the utility
and disadvantagesof each see Supporting Information,
Table S1.

From previous publications and reviews, it is not yet
clear whether the rationale used by review authors for
selecting the MD, SMD, or the NMD in general is valid,
or if there are advantages of the use of one of these effect
size measures over the others in a case where multiple
effect sizes seem appropriate. In order to obtain more
insight into the the methods used in meta-analysis of
human-health-related animal studies (such as the deci-
sion to use a specific effect size measure), we review key
characteristics of published meta-analyses of human-
health-related animal studies, focussing on important
aspects of the methods used and the effect size measures
reported (such as the MD, SMD, and NMD). In addition,
we aim to obtain insight into the rationale behind the
choice in methodology. Insight into the methodology
used, will ultimately aid in optimizing the guidance on
how to conduct meta-analysis of animal studies, and esti-
mate the reliability of the results presented in the publi-
shed meta-analysis.

For this overview, we used the recently created data-
base11 containing all systematic reviews of animal studies
until February 2018 as a resource for this assessment.

2 | METHODS

The database of systematic reviews of animal studies
contains all systematic reviews of animal studies publi-
shed in PubMed, Embase, and Web of Science from
inception through February 2018. The database con-
tained 2391 systematic reviews covering a broad range
of fields including preclinical research and veterinary
medicine, toxicology and environmental health research
(to see the database used in this manuscript visit:
https://data.mendeley.com/datasets/6fr3nw5mpc/1, and
use version AnimalSR_V1.0_12_27_2018.accdb).

The methods used to create the database are
described in detail elsewhere.11 Briefly, for studies to be
included in the database, the aim of the publication
needed to be to systematically review the literature and
this had to be stated in the title or abstract. The publica-
tion needed to summarize the results of studies in labora-
tory animals or veterinary patients, report the eligibility
criteria for the primary studies, specify search terms and
database/electronic sources searched and be available as
a full text version.

All included studies were categorized and labeled.
One of these labels each reference received was whether
or not a meta-analysis was conducted. A study received
this label when data from included studies were extracted
and combined in a quantitative assessment. This
included cluster analysis, pooled risk ratio, pooled odds
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ratio, or vote counting (i.e., integrating evidence by cou-
nting significant positive, significant negative, and non-
significant results).

2.1 | Study selection

For this study, we included all references from the above
mentioned database that were initially labeled as con-
taining meta-analyses, unless they met one or more of
the following exclusion criteria: 1) the study did not pre-
sent a quantitative summary of the evidence or a sum-
mary statistic; 2) the study did not have the aim to
investigate or improve human health (i.e., the target
populations were not humans such as veterinary studies);
3) the study summarized the evidence of a single group
(i.e., no control group present); 4) the study did not
investigate the effect of an intervention, defined here
as a difference between a control and experimental
group controlled by the scientist (i.e., a drug treatment,
exposure [toxicological studies], or a specific group
characteristic such as sex); 5) the study was not peer
reviewed. Studies using vote counting methods were
labeled as such.

2.2 | Data extraction

A single person extracted the following data elements for
each study: study ID from the SR database, health topic
(based on the health topics [generally disease-based]cre-
ated by the Cochrane library), and the number of out-
comes assessed (each outcome was considered a separate
meta-analysis). In addition, we extracted the following
data elements for each meta-analysis: name of outcome,
type of intervention, type of control group, number
of species, species, number of comparisons included,
number of animals in overall analyses, similar units of
measurement (y/n), effect size measure used, unit of
measurement of effect size, rationale for effect size mea-
sure described (y/n), description of rationale (if reported),
effect model used in meta-analysis, type of heterogeneity
measure(s) used, heterogeneity in overall meta-analysis,
pooled summary effect size and confidence interval, sub-
group analyses conducted (y/n), number of subgroup
analyses, type of subgroup analyses (e.g., stratified or
meta-regression), threshold for number of comparisons
needed to conduct subgroup analyses, minimal number
of comparisons indicated in results for subgroup
analyses, test for statistical difference between sub-
groups (y/n).

The number of comparisons indicates the number
of independent experiments included in a meta-

analysis (not publications; as one publication may con-
tain more than one independent experiment). All the
extracted data are presented in Supporting Informa-
tion, File S2.

2.3 | Analyses

In order to provide an overview of the various types of
meta-analyses and the methods used to conduct meta-
analyses of human-health-related laboratory animal
studies, we analyzed:

1. the total number of meta-analyses conducted per
review

2. the average number of meta-analyses (e.g., outcomes)
per review

3. the most common health topics for human-health-
related meta-analyses

4. the average number of species, and number of com-
parisons used per meta-analysis

5. effect size measures used (both continuous and
dichotomous)

6. the percentage of meta-analyses showing significant
effects

7. heterogeneity measures used and the average
level of between-study heterogeneity based on I2

(either directly presented in the original paper or
recalculated based on Q and degrees of free-
dom [DF])

8. the proportion of meta-analyses conducting sub-
group analyses and the average number of subgroup
analyses per outcome

9. minimal number of comparisons per subgroup
defined by the author

10. the method used to conduct subgroup analyses
(meta-regression versus stratified analyses)

We summarized the rationales (as reported by the
authors) for the choice of the effect size measures to
obtain insight into the underlying reasons for the
methodological decisions to choose to use a specific
continuous effect size measure. As we expect the rea-
soning for the methodological decision to use a specific
effect size measure is poorly reported in the included
systematic reviews, we also analyzed the existence of a
possible relation between the following element by
plotting the data: 1) the use of a specific effect size
measure and between-study heterogeneity (defined as
I2); 2) the use of a specific effect size measure and the
proportion of statistically significant findings; and 3)
the use of a specific effect size measures, between-
study heterogeneity and the proportion of statistically
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significant findings. Since we included all human-
health-related animal meta-analyses, (e.g., we did not
take a small sample but included almost the entire
“population” of human-health-related animal meta-
analyses), and we do not aim to extrapolate our results
to another population or subgroup of studies, signifi-
cance tests are inappropriate.

We hypothesize that the heterogeneity levels of the
meta-analyses using MD are higher compared to the het-
erogeneity levels of standardized or normalized effect size
measures as 1) we expect that the MD is regularly used
erroneously in meta-analyses of animal studies when
studying multiple species, and 2) the aim of standardizing
and normalizing is to make the effects more homoge-
neous. Subsequently because high heterogeneity levels
generally cause wide confidence intervals around the
summary effect and decrease the chance of finding signif-
icant effects, we also hypothesize that meta analyses
using the MD have a lower probability of finding signifi-
cant effects compared to the SMD and NMD.

Regarding the relation between statistically signifi-
cant findings, heterogeneity and various effect size mea-
sures, we aimed to investigate whether scientists make

post-hoc decisions regarding their decision to use a spe-
cific effect size measure.

We also considered the effect of the number of species
used in the analyses and the number of comparisons in
the meta-analyses.

3 | RESULTS

All the extracted data used in this manuscript is pres-
ented in Supporting Information, File S2.

3.1 | Overview of the various types of
meta-analyses and the methods used to
conduct meta-analyses of human-health-
related laboratory animal studies

Out of the 2391 systematic reviews included in our data-
base, 840 contained a meta-analysis (35.1%). Fifty-three
percent of those reviews containing a meta-analysis
(n = 443) were included in further analyses, as they
aimed to improve human health and studied an

FIGURE 1 Health topics. Number and proportion of meta-analyses per health topic. The health topics are based on the health topics

created by the Cochrane library.
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intervention. A total of 1928 meta-analyses were con-
ducted in these 443 references, indicating a mean of 4.4
meta-analyses or outcomes per review.

Sixty percent (60%) of the excluded reviews con-
taining a meta-analysis (n = 230) concerned veterinary
medicine and were not of direct relevance to human
health. Toxicological studies (focused on exposures
instead of interventions) were included, as well as all
other meta-analyses organized by health topics.

Figure 1 shows that the three most common health
topics for human-health-related meta-analyses are: 1)
neurology (27%); 2) heart and circulation (16%); and 3)
endocrine and metabolic (16%).

Thirty-three percent (33%) of the meta-analyses included
only one species, 32% used two or more species, and 35% did
not explicitly describe the number of species included
(Figure 2). By extracting the type of species used from sub-
group analyses and the method 65 different species appear to
be used, and the most frequently used species were rats (72%
of the meta-analyses) and mice (51% of the meta-analyses).

3.1.1 | Number of comparisons

The size of the meta-analyses varied considerably
(Figure 3). The mean number of comparisons included in
a meta-analyses was 28. Three percent of the meta-

analyses contained only 1 comparison, and in 14% of the
meta-analyses, the number of comparisons was unclear.

3.1.2 | Meta-analyses models

The majority of studies used a random effects model
(REM) (79%). This appears also to be the case analyzed
over time (Supporting Information, File S3). A fixed effects
model (FEM) was used in 12% of the studies. Five percent
of the meta-analyses did not report the type of model they
used. The remaining meta-analyses mainly used a vote
counting method or a model in which the individual stud-
ies were summarized but not weighted (Figure 4).

Out of the 1519 meta-analyses that used a REM, 30%
included only one species, 35% did not describe the num-
ber of species included in their analyses, and 35%
included two or more species.

Out of the 230 meta-analyses that used a FEM, the major-
ity of meta-analyses (60%) included only one species in their
analyses. Twenty two percent included two or more species.

3.1.3 | Effect size measures

Figure 5 shows the effect size measures used in the
meta-analyses. Dichotomous outcomes were used in

FIGURE 2 Number of meta-analyses relative to the number of species included in meta-analysis
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FIGURE 3 Number of meta-analyses relative to the number of comparisons included in meta-analysis

FIGURE 4 Type of model

used to summarize the result of

individual studies
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10% of the meta-analyses. The odds ratio (OR) was
used most often. Most meta-analyses were conducted
on continuous outcomes (78%). Those meta-analyses
used either the NMD, SMD or MD. The SMD was
used in the majority of the meta-analyses (55%)
while the NMD was scarcely used (3%; 18 studies,
40 comparisons). In 13% of the studies containing
meta-analyses, the rational for a specific effect size
measure was provided.

3.1.4 | Significance

Out of 1928 meta-analyses, 1630 (85%) published a con-
fidence interval around the summary effect size. Out of
these 1630 meta-analyses, 77% showed significant
effects.

3.1.5 | Heterogeneity

In 67% of the meta-analyses, a measure for between-
study heterogeneity was presented. The level of hetero-
geneity was described by either chi2, I2, Tau2, or a
combination of those measures. In 87% of the meta-
analyses, the I2 was presented, and the chi2 and/or
Tau2 was presented in 59% and 31% of the meta-
analyses, respectively.

Across all meta-analyses that presented the I2 or from
which the I2 could be calculated based on chi2, Tau2, and
DF), the mean I2 was 63% (range 0%–100%) .

Fourteen percent (14%) of all meta-analysis pre-
senting an I2 level showed no heterogeneity at all
(i.e., I2 = 0%).

Altogether, in 24% of meta-analyses, we considered I2

levels to be low (0%–40%) and in 25% of all meta-analysis
the level was considered to be moderate (I2 41%–75%).
Fifty-one percent (51%) of all meta-analyses presented
high levels of between-study heterogeneity (I2 > 75%).

In 58% of the meta-analyses using a FEM and 27% of
the meta-analyses using a REM, the authors did not
report any heterogeneity measures. In 17% of the meta-
analyses using a FEM no between-study heterogeneity
was observed, versus 10% for the meta-analyses using a
REM. In the remaining 25% of the meta-analyses using a
FEM (i.e., the meta-analyses with a between-study het-
erogeneity above 0%) the average amount of between-
study heterogeneity was 60%. This was 72% in the meta-
analyses using a REM.

3.1.6 | Subgroup analyses

Forty seven percent (47%) of the meta-analyses included
one or more subgroup analyses. The mean number of
subgroup analyses per meta-analysis was 4.1.

FIGURE 5 Type of effect size measures used in human health related meta-analyses. Abbreviations: HR, hazard rate; MD, mean

difference; NMD, normalized mean difference; OR, odds ratio; RD, risk difference; RR, risk ratio; SMD, standardized mean difference
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Out of the 913 meta-analyses that included subgroup
analyses, 69 (8%) stated a minimum number of compari-
sons that is required to conduct subgroup analyses in their
methods section. The mean minimum number was 3.3
comparisons.

If no threshold for subgroup analysis was explicitly
stated, we assessed the size of the smallest subgroup pres-
ented in the publication. In 13% of all meta-analyses con-
ducting subgroup analyses, the smallest subgroup
contained only 1 comparison.

The majority of studies (45%) used stratified meta-
analyses to analyze differences between subgroups.
Meta-regression techniques were used in 20% of the meta-

analyses that conducted subgroup analyses. In 11% of the
meta-analyses, both stratified and meta-regression tech-
niques were used. In 22% of the meta-analyses that con-
ducted subgroup analyses, it was either unclear or not
reported which techniques were used.

3.2 | Reasons for the methodological
decisions to use a specific effect size
measure

Table 1 provides an overview of the rationales provided
by the authors concerning their choice for a specific effect

TABLE 1 Rationale for effect size selection

Effect size measure Rationale provided in reference

Number of
references
using a
similar rational

Mean difference (MD) Because the outcome parameter was continuous 3

To overcome the differences of sample size 1

When sample size is small, weighted mean difference analysis performs better
compared to SMD

1

Data were presented in the same units and it gives a biologically relevant value. 2

Because outcome remains easy to interpret 1

comparable units of measurement 3

Normalized mean difference
(NMD)

NMD analysis appears to perform better when the size of individual
experiments is small compared to SMD, presumably because the observed
variance used for weighting is a less precise estimate of the population
variance than is the case for larger studies

2

To account for different scales of measurement and differences between species 1

This index of effect size enables outcomes that are measured on different scales
to be combined in the same meta-analysis. The NMD has the additional
advantage that the result is expressed in terms of percent reduction which
may be easier to grasp than another common index of effect size, the
standardized mean difference.

1

Allows for correction of baseline values 1

To compare effects of intervention across multiple studies with widely varying
methods

1

Standardized mean difference
(SMD)

To avoid heterogeneity (in methodology) 2

To account for different scales of measurement and differences between species 1

To account for different scales / units of measurement 25

To account for different species 5

Comparison between different studies 1

More conservative than MD 1

SMD was used because NMD was not possible, because there was no sham data 1

Hazard ratio (HR) For survival HR most appropriate as because it allows for differences in sample
size and time to an event.

1

Proportions Because there was no control group 1

Regression coefficient (r) Specific advantages (not mentioned in paper) over SMD 1
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size measure. The rationale was provided in only 8% of
the included studies (n = 55).

The MD appears to be used when the continuous out-
comes are presented in the same units of measurements.
One publication mentioned that when sample size is
small, weighted mean difference analysis performs better
compared to SMD.12

For the relatively new effect size measure, NMD (used
in 18 studies), a rationale was provided in 33% (n = 6) of
the publications. Generally, authors indicated that the
NMD was chosen to account for different scales of mea-
surement and differences between species. Some authors
stated that the NMD appears to perform better compared
to SMD when the sample size of primary studies is
small.9,13 Last but not least some authors believe the
interpretation of the NMD is easier to grasp compared to
the SMD.14

Table 1 also shows that similar to the NMD, the SMD
is also often used to account for different units of measure-
ment and differences between species. A rationale for
using the SMD was provided in 15% of the publications.

In 10% of the meta-analyses, dichotomous outcomes
were analyzed, using either an odds ratio (OR), relative
risk (RR), hazard ratio (HR), or risk difference (RD). The
most commonly used effect size measure for dichoto-
mous outcomes was the OR, which was used in 58% of
the meta-analyses of dichotomous outcomes. The ratio-
nale provided by the authors for choosing a specific effect
size measure for dichotomous outcomes was only pro-
vided in 3 publications and is listed in Table 1.

Because the rationale for choosing a specific effect size
measure was reported in only a very limited number of
publications, we attempted to gain more insight in the rea-
soning behind the choice of effect size measure by
assessing the relationship between: 1) the use of a specific
effect size measure and between-study heterogeneity
(defined as I2); 2) the use of a specific effect size measure
and the proportion of statistically significant findings; and
3) the use of a specific effect size measures between-study
heterogeneity and the proportion of statistically significant
findings. Of note, these analyses could only be performed
for meta-analyses using the MD or SMD, because of insuf-
ficient data for all other effect size measures.

3.2.1 | Effect size measures and
heterogeneity

In Figure 6, the distribution of I2 levels as a percentage
of the total number of meta-analyses using a specific
effect size measure (SMD, NMD, and MD) is plotted.
Based on the definition for high/considerable heteroge-
neity in the Cochane handbook, I2 above 75%, meta-
analyses using the NMD and the MD show higher
between-study heterogeneity levels compared to the
SMD. For the SMD 47% of the meta-analyses show an
I2 above 75%, whereas for the MD and NMD this is 55%
and respectively 62% of the meta-analyses. This ten-
dency is also observed when calculating the average
level of heterogeneity per measure. The average I2 level

FIGURE 6 Proportion of meta-analyses relative to the amount of between-study heterogeneity per effect size measures. The amount of

between-study heterogeneity is expressed as I2. Abbreviations: MD, mean difference; NMD, normalized mean difference; SMD, standardized

mean difference [Colour figure can be viewed at wileyonlinelibrary.com]
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for the SMD was 62% and for the MD and respectively
the NMD 72% and 65%.

When the I2 distribution is grouped per “number of
species used in the analyses” we show another difference
between the SMD and MD. For the SMD, the I2 levels

increase as soon as more than 1 species are included in
the meta-analyses (the percentage of meta-analyses with
I2 = 0 decreases). For the MD, a difference in distribution
of I2 levels (e.g., the percentage of meta-analyses with
I2 = 0 decreases) seems to occur when ≥3 species are used.

FIGURE 7 Proportion of meta-analyses relative

to the amount of between-study heterogeneity per

effect size measures and per number of species

group. The amount of between-study heterogeneity is

expressed as I2. Abbreviations: MD, mean difference;

SMD, standardized mean difference [Colour figure

can be viewed at wileyonlinelibrary.com]
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In other words; the distribution of I2 levels shifts to the
right (e.g., higher I2 levels) whenever multiple species are
included. For the SMD this distribution shift starts as soon
as 2 or more species are used, and for the MD when data
from 3 or more species are included (Figure 7). The NMD

is not depicted in these figures because the number of
meta-analyses using the NMD stratified for number of spe-
cies was too small for reliable interpretation.

In addition, in meta-analyses including ≥3 species
there is a larger proportion of studies showing very high

FIGURE 8 Proportion of meta-analyses relative

to the amount of between-study heterogeneity per

effect size measures and per number of comparisons

group. The amount of between-study heterogeneity is

expressed as I2. Abbreviations: MD, mean difference;

SMD, standardized mean difference [Colour figure

can be viewed at wileyonlinelibrary.com]
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heterogeneity levels compared to the meta-analyses with
a MD using one or two species. These proportions of
studies with very high heterogeneity levels are also larger
for meta-analyses using the SMD when including 4 or
more species.

Figure 8 shows that the amount of heterogeneity seems
to increase when the number of comparisons in the analyses
increases. The same trend is seen for the SMD and MD.

3.2.2 | Effect size measures and statistical
significance

The NMD shows the highest proportion of significant
effects (SMD 79%, NMD 85%, MD 75%). Taking into
account the number of comparisons and the number of
species used in the analyses did not change this conclu-
sion (Figures 9 and 10).

FIGURE 9 The proportion of significant effects per effect size

measure and per number of species group. Abbreviations: MD,

mean difference; SMD, standardized mean difference [Colour

figure can be viewed at wileyonlinelibrary.com]

FIGURE 10 The proportion of significant effects per effect

size measure and per number of comparison group.

Abbreviations: MD, mean difference; SMD, standardized mean

difference [Colour figure can be viewed at

wileyonlinelibrary.com]
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3.2.3 | Effect size measures, between-study
heterogeneity, and the proportion of statistically
significant findings

Figure 11 presents the distribution of between-study het-
erogeneity analyses using either a MD or SMD that show
significant or nonsignificant effects. Figure 11 also shows
that for the SMD the distribution of the proportion of meta-
analyses across the various levels of between-study heteroge-
neity follows a similar pattern for significant and nonsignifi-
cant results. The distribution of the proportion of meta-
analyses across the various levels of between-study heteroge-
neity for the MD do seem to differ between significant and
nonsignificant results. There are fewer studies with high het-
erogeneity levels in the nonsignificant group compared to
the group of meta-analyses with significant findings.

4 | DISCUSSION

In order to advance the methodology of meta-analysis
of animal studies, we provided an overview of the key
characteristics of published meta-analyses of human-
health-related animal studies, focussing on important
aspects of the methodology used and the effect size
measures reported. In addition, we aimed to obtain
insight into the rationale behind the choice of a specific
continuous effect size measure, as the decision to use a
specific effect size measure is not always straightfor-
ward but does have consequences for the reliability of
the results and interpretation. To create this overview
we used the recently published database of systematic
reviews of animal studies (https://data.mendeley.com/
datasets/6fr3nw5mpc/1).

FIGURE 11 The distribution of between-study heterogeneity analyses using either a MD or SMD that show significant or non-significant

effects. Abbreviations: MD, mean difference; SMD, standardized mean difference [Colour figure can be viewed at wileyonlinelibrary.com]
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4.1 | Overview of published meta-
analyses of animal studies

Our overview shows 12% of the meta-analyses used a
FEM to estimate the pooled effect. This is a reason for
concern, as a FEM assumes that all studies estimate the
same real effect, and differences between studies are only
a consequence of random error (sample size). In the case
of animal studies, there is often a lot of heterogeneity
between the studies, as animal studies are often explor-
atory by nature and therefore show far greater diversity
in the species and strains studied, the experimental
design used, and other study characteristics. We show
that in 30% of the meta-analyses that used a FEM, multi-
ple species were involved, and that the average between-
study heterogeneity levels were considerable (60%) in a
quarter of the meta-analyses using a FEM. We therefore
believe that a FEM was inappropriately used in in part of
the meta-analyses included in our database, and we rec-
ommend to always use the REM in human-health-related
meta-analysis of animal studies (unless the assumptions
for using the FEM are all met). Although it was beyond
the scope of the current analyses, it would be interesting
to investigate if the assumptions for using a FEM were
correct in those reviews. For example, when significant
small study effects are observed and a specific animal
trial was dominating the meta analyses of a very homoge-
nous set of studies, a FEM may be appropriate. Neverthe-
less, we postulate that a FEM is rarely appropriate in
meta-analyses of animal studies aimed at improving
human health. The REM has the advantage of yielding
almost identical results to a FEM when between-study
heterogeneity is low, whereas it will safeguard against
overly precise effect estimates when between-study het-
erogeneity is high.

We showed that in almost half of all meta-analyses
subgroup analyses were conducted, and that the average
prespecified minimum number of comparisons needed to
perform subgroup analysis was relatively low (i.e., n = 3).
In 13% of the subgroup analyses, the smallest subgroup
contained only one comparison. Although we do not
know the actual average number of comparisons across
all subgroup categories, we assume that the studies that
specified a low minimum number of comparisons in their
subgroup categories, also included some small subgroups
in their analyses. The statistical power for detecting dif-
ferences between subgroups is therefore suggested to be
low in many meta-analyses of animal studies, and con-
clusions based on subgroup analyses cannot be any more
than hypothesis-generating. It is important to emphasize
that failure to obtain statistical difference between those
subgroups should never be interpreted as evidence that
the covariate is not related to the effect size.

The relatively large number of subgroup analyses con-
ducted per meta-analyses suggests that many of the meta-
analyses were hypothesis generating (aim to explore which
factors may influence the overall effect).

It would be interesting to know how often the sub-
group analyses where pre-specified in a protocol, as pre-
specifying the methodological details of the meta-analysis
reduces the risk of inappropriate post-hoc analyses and
selective outcome reporting (i.e., reporting only the
results of subgroup analyses that show significant
effects). Although one of the aims of meta-analysis of ani-
mal studies is to identify sources of heterogeneity, there
is a risk of performing too many subgroup analyses,
resulting in multiple comparison problems and loss of
power. We therefore recommend to prespecify subgroups
and restrict the number of subgroup analyes.

For this overview is was not possible to assess how
often the subgroup analyses were prespecified in a proto-
col as the first protocol format for SRs of animal studies
was published by SYRCLE in 201515 and before that SR
protocols were not often prepared, and seldom publicly
available. Since 2017, the protocol format for SRs of ani-
mal studies is implemented in PROSPERO, the interna-
tional database of prospectively registered systematic
reviews where there is a health-related outcome. In
updates of the database we will be able to investigate if
pre-specifying methodological details regarding the meta-
analyses reduces reporting bias.

Pre-specifying methodological details in a protocol will
probably also improve the reporting quality of essential
details of the meta-analysis methods and results section in
the ultimate publication. This is very much needed, as we
show that important details regarding the methodology
are often not reported. For example, the number of species
included was not mentioned in 35% of the meta-analyses,
the rationale for using a specific effect size measure was
only provided in 13% of the meta-analyses, the effect
model used was not described in 5% of the meta-analyses,
and the number of comparisons included in analyses was
unclear in 14% of all meta-analyses.

We strongly recommend to use the PRISMA checklist
for reporting systematic reviews and meta-analyses of
animal studies.16,17 This checklist is not tailored to
human-health-related animal studies but is, until a PRI-
SMA extension for this type of studies becomes available,
a very good alternative.

4.2 | Effect size measures and rationale

Only 13% of the meta-analyses reported a rationale for
their decision to use a specific effect size measure. This
percentage is surprisingly low, as the decision to use a
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specific effect size measure is not always straightforward.
We recommend to always present a rationale for the
choice of the effect measure.

For the NMD, the percentage of studies providing a
rationale was highest (36%, n = 6). This is, however, not
very surprising as a CAMARADES member was listed on
the author list in the majority of papers using a NMD,
and this leading center working on systematic reviews of
animal studies developed the NMD.

Based on the rationales provided in the included
papers, both the NMD and SMD generally appear to be
used to account for different scales of measurement and
differences between species. Using the SMD to take into
account differences between species seems to be a rela-
tively new application of the SMD, as the rationale in
the Cochrane handbook reads: the SMD is used as a
summary statistic in meta-analyses when the studies all
assess the same outcome but measure it in a variety of
ways. However, using the SMD also when studying dif-
ferent species/ populations is in a way not so different to
regular use of the SMD because in both applications, the
absolute effect of a specific outcome calculated in an
individual study may mean something different across
studies and therefore needs to be standardized.

Generally, the NMD was also chosen when authors
needed to account for different scales of measurement
and differences between species. However, some authors
state that the NMD appears to perform better compared
to SMD when the sample size of primary studies is small.
However, we cannot investigate this in our review as the
amount of studies using the NMD was too low (n = 14).

Because the rationale for choosing a specific effect size
measure was reported in only a very limited number of
publications, and we wanted more insight in the reasoning
behind the decision to use a specific effect size measure,
we also assessed the existence of a possible relationship
between the use of a specific effect size measure and
between-study heterogeneity and the proportion of statisti-
cally significant findings. This is of interest because high
heterogeneity levels generally cause wide confidence inter-
vals around the summary effect and decrease the chance
of finding significant effects, and the decision to use a spe-
cific effect size measure may influence these factors. It is
also possible that it works the other way around, and the
decision to use a specific effect size measure is based on
the observed heterogeneity levels and the presence of sta-
tistically significant findings.

With regard with the SMD, we showed that the
between-study heterogeneity levels seem to increase as
soon as more than 1 species is used, whereas for the MD,
the distribution starts to change when 3 or more species
are used (Figure 7).

Including more species into the analysis would
logically increase between-study heterogeneity levels,
as observed for the SMD. It is surprising that this
relationship is, not as obvious as for the SMD, seen
for the MD.

One possible explanation might be that scientists
decide post-hoc on which effect size measure to use. In
other words, in cases where the between-study heteroge-
neity is low, scientists stick to the MD, but when the het-
erogeneity levels are higher they might search for other
possibilities to summarize the effects (e.g., change effect
size measures, and for example use the SMD).

In this meta research we identified another finding
which suggests post-hoc decision making. We observed
different distributions of the proportion of meta-analyses
across the various levels of between-study heterogeneity
for significant and non-significant results regarding the
MD (Figure 11). More specifically, there are fewer studies
with high heterogeneity levels in the nonsignificant
group of the MD compared to the significant findings.

This may indicate that in case of high heterogeneity
levels and no significant outcomes, authors make a post-
hoc decision to switch to another effect size measure, and
possibly search for a significant effect.

Further investigation into whether scientists make
post-hoc decisions based on heterogeneity levels and/or
significant findings is needed, but if scientists do make
such decisions, it clearly advocates for preregistering a pro-
tocol before starting the conduct of a SR. regardless, we
recommend to prespecify the effect size measure and the
rationale behind choosing a specific effect size measure.

Future studies are needed to investigate if one effect
size measure performs better than another. The database
used as a resource in this paper is not appropriate for
such assessments as the included data suffer from con-
founding. In other words: the decision of authors to
choose an effect size measure could have been dependent
on the observed results.

There is, however, one study that shows that the use
of SMD estimates in stratified meta-analysis has a low
statistical power to detect the effect of a variable of inter-
est (compared to the NMD). This indicates that a SMD
may not be very powerful in detecting an effect.18 How-
ever, this study is a simulation study and might be prone
to bias, as the assumptions underlying the simulation
study might influence the result found. (e.g., the scientist
decides upon which data to use).

In order to really compare the SMD, NMD, and MD,
and get insightinto whether or not a particular effect size
measure performs better or is more reliable compared to
another, we plan to conduct reanalyses of the data used
in some published meta-analyses in the near future.
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5 | CONCLUSION

Based on all analyses in this paper we recommend to 1)
publish a review protocol before starting the conduct of a
SR in which all methodological details are prespecified
(providing special attention to the effect size measure
and the rational behind choosing a specific effect size,
prespecifing subgroups and restricting the number of
subgroup analyze), 2) always use the PRISMA checklist
to report your systematic review of animal studies and 3)
always use the REM in human-health-related meta-
analysis of animal studies, unless the assumptions for
using the FEM are all met.
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