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Abstract

Meta-analyses examining dichotomous outcomes often include single-zero

studies, where no events occur in intervention or control groups. These pose

challenges, and several methods have been proposed to address them. A fixed

continuity correction method has been shown to bias estimates, but it is fre-

quently used because sometimes software (e.g., RevMan software in Cochrane

reviews) uses it as a default. We aimed to empirically compare results using

the continuity correction with those using alternative models that do not

require correction. To this aim, we reanalyzed the original data from 885 meta-

analyses in Cochrane reviews using the following methods: (i) Mantel–
Haenszel model with a fixed continuity correction, (ii) random effects inverse

variance model with a fixed continuity correction, (iii) Peto method (the three

models available in RevMan), (iv) random effects inverse variance model with

the treatment arm continuity correction, (v) Mantel–Haenszel model without

correction, (vi) logistic regression, and (vii) a Bayesian random effects model
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with binominal likelihood. For each meta-analysis we calculated ratios of odds

ratios between all methods, to assess how the choice of method may impact

results. Ratios of odds ratios <0.8 or <1.25 were seen in �30% of the existing

meta-analyses when comparing results between Mantel–Haenszel model with

a fixed continuity correction and either Mantel–Haenszel model without cor-

rection or logistic regression. We concluded that injudicious use of the fixed

continuity correction in existing Cochrane reviews may have substantially

influenced effect estimates in some cases. Future updates of RevMan should

incorporate less biased statistical methods.
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Highlights

What is already known
• Meta-analyses of dichotomous outcomes often use “continuity correction”

to avoid computational issues in studies with zero events in one arm (single-
zero studies). However, this could potentially bias study estimates.

• Despite the availability of more advanced models for handling single-zero
studies, RevMan, the official Cochrane software for meta-analyses, con-
tinues to use continuity corrections.

• While simulation studies have highlighted potential issues associated with
the use of continuity corrections and despite the fact that more advanced
methods have been proposed, the impact of using alternative methods on
effect estimates within established Cochrane reviews remains uncertain.

What is new
• We contrasted the effect estimates obtained by several alternative methods

against the Mantel–Haenszel model with a continuity correction (RevMan
MH), the default model in RevMan software, using data from 885 established
meta-analyses within Cochrane reviews.

• Meta-analyses including single-zero studies were commonly seen in
Cochrane reviews, and 64% of them used RevMan MH to deal with single-
zero studies.

• In scenarios with low event rates and small sample sizes, a difference in the
point estimates of odds ratios of 25% or more was observed in approximately
30% of existing meta-analyses, when comparing results between RevMan
MH and either MH or logistic regression.

Potential impact for Research Synthesis Methods readers
• Our findings underscore that researchers, readers, peer-reviewers, and jour-

nal editors of meta-analyses should interpret results carefully when they
appraise meta-analyses involving single-zero studies, as some commonly
used methods may alter the estimates. Future meta-analyses should avoid
using suboptimal methods.
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1 | INTRODUCTION

Systematic reviews play an important role in decision-
making.1 A meta-analysis is the statistical combination of
results from two or more separate studies. It yields an
overall estimate of the effectiveness of an intervention
compared with a control treatment. There are many
methods that can be used for the meta-analysis of dichot-
omous outcomes, four of which are more widely used
than others, and are also available as analysis options in
RevMan web and RevMan 5, the current and prior offi-
cial software used for Cochrane reviews.1–3 These are
three fixed-effect models, that is, Mantel–Haenszel (MH),
Peto, and inverse variance (IV) methods, and one
random-effects model, that is, the DerSimonian and
Laird method.1

A meta-analysis of odds ratios or risk ratios some-
times includes studies in which one arm has zero events
(single-zero studies). The inclusion of single-zero studies
in meta-analyses can introduce computational errors;
hence, several methods have been proposed to address
these issues.4 The fixed continuity correction, commonly
implemented in software like RevMan, adds a specific
value (usually 0.5) to all cells of the two-by-two tables in
each study. Simulation studies, however, have raised con-
cerns about its validity.4–6 This method can artificially
move the point estimate away from extremes, conse-
quently leading to a bias toward the null effect, especially
when the true effect is substantial. In contrast, alternative
methods such as the MH without continuity correction,
logistic regression models, and the Peto method may out-
perform methods utilizing the fixed continuity correction
as they do not require zero-cell correction. However, Rev-
Man automatically implements the fixed continuity cor-
rection when using the Mantel–Haenszel and IV
methods and may result in biases toward no treatment
effect.1

Although issues associated with the use of fixed conti-
nuity correction have been increasingly recognized and
illustrated through simulation studies, the practice has
not changed. This might be because, despite the theoreti-
cal arguments and simulations, review authors were
uncertain about how various zero-cell correction
methods would impact their results. No previous study
has investigated whether the application of more sophis-
ticated methods such as MH without corrections, logistic
regression, or the Peto method would impact the effect
estimates in existing meta-analyses within Cochrane
reviews.7 In the present study, we aim to empirically
compare results after using the continuity correction with
results from modes that do not require correction, in
terms of the effect estimates and their interpretation
in Cochrane reviews.

2 | METHODS

The protocol of the present study was posted on the OSF
registry.8

2.1 | Eligibility criteria

We included all Cochrane reviews of interventions that
included only randomized controlled trials (RCTs). We
only included the most recent version of the reviews,
when one or more updates are available. Reviews were
eligible if a pair-wise meta-analysis using risk ratio or
odds ratio was performed and included at least one
single-zero study, that is, a study with zero events in
one but not both treatment arms. Since this study primar-
ily focused on methods to address single-zero studies,
when reviews had included double-zero studies (studies
with zero events in both treatment arms), we only
included single-zero studies and excluded double-zero
studies from our analyses. We selected meta-analyses
with event rates of <5% and sample sizes of <1000, as a
previous study showed that the method of dealing with
single-zero studies only played a role in meta-analyses
with small sample sizes and rare events.9 We excluded a
review if it was not possible to extract the 2 � 2 table
from any of the meta-analyses therein, or if we could not
download the data by clicking “Download statistical
data” in the Cochrane library.

2.2 | Searches and study selection

We searched the Cochrane Database of Systematic
Reviews by using a filter aimed at returning reviews on
interventions from inception to September 30, 2022.
We scraped the relevant reviews and downloaded data
from the Cochrane library's website for each review
using Python selenium package version 3.141.0.14

Thereafter, we loaded the data to R statistical software
and checked the eligibility according to the criteria
above.

2.3 | Data extraction

All data used in the present study was obtained from
publicly available dataset of Cochrane reviews. For
each meta-analysis that included a single-zero study
we extracted the following data: number of partici-
pants and events included in each study in the meta-
analysis, types of statistical models used for the meta-
analysis.

TSUJIMOTO ET AL. 3
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2.3.1 | Outcomes of interest of this study

The primary outcome was the difference in effect esti-
mates between the results of each meta-analysis obtained
after using Mantel–Haenszel model with a fixed continu-
ity correction, that is, adding 0.5 to all cells of the 2 � 2
table (the model implemented in the RevMan software—
“RevMan MH”) with results obtained after using various
models listed in the next paragraph. Difference in esti-
mates between two models was quantified as a ratio of
odds ratios (ROR).

2.4 | Statistical analysis

We reported the proportion of reviews with a meta-
analysis including single-zero studies, and the proportion
of such reviews with event rates of <5% and sample sizes
of <1000 among all Cochrane reviews. We tabulated the
following characteristics of included meta-analyses; num-
ber of participants and events included in each study in
the meta-analysis, types of statistical models used for the
meta-analysis.

We repeated each meta-analysis in the included
reviews using the following methods (i) RevMan MH,
(ii) random effects inverse variance model with a fixed
continuity correction (REIV), (iii) random effects inverse
variance model with the treatment arm continuity correc-
tion (REIV TACC), (iv) Peto method, (v) Mantel–
Haenszel model without correction, (vi) the random
effects logistic regression model, and (vii) a Bayesian ran-
dom effects logistic regression model using a binomial
likelihood for the outcome. We used uninformative prior
distributions for the log-odds of the reference treatment
and the treatment effects (N0, σ

2 = 1000). We also used a
vague half normal prior for the heterogeneity parameter
τ2. We ran 4 chains of 5000 iterations after 1000 burn
in. The R script used for conducting the Bayesian analysis
can be found in the Appendix S1.

Odds ratios were used for the effect estimates. For
each meta-analysis, we calculated the ROR between
these models. We presented the distribution of RORs
using histograms and scatter plots. Further, we charac-
terized their sizes using the following predefined
categories:

1. Small, ROR in the range of 0.9–1.11.
2. Moderate, ROR in the range of 0.8–0.9 or 1.11–1.25.
3. Large, ROR in the range of ≥1.25 or ≤0.8.

For meta-analyses with extremely large differences,
we further explored their characteristics in terms of the

participants, intervention, comparator, outcomes, num-
ber of events in each study in the meta-analyses, and
effect sizes from each statistical method. The criteria for
selecting instances of exceptionally large differences were
based on the highest and lowest values of the RORs
observed in each comparison. All analyses were per-
formed by meta package (ver.2.4-0) of R version 4.1.2,
and RevMan 5.4.1.

3 | RESULTS

Our search identified 2300 Cochrane reviews of interven-
tions, among which there were 1540 reviews that
included 20,535 meta-analyses of dichotomous outcomes.
Of those, 856 (56%) reviews included 4984 meta-analyses
incorporating at least one single-zero study. Ultimately,
we selected 383 (25%) reviews with 885 meta-analyses for
our main analysis, each having a control event rate of less
than 0.05 and a total participant count fewer than 1000
(Figure 1).

Table 1 shows characteristics of the included meta-
analyses with a control event rate of <0.05 and a total
participant count fewer than 1000. Median (interquar-
tile range, IQR) number of studies included in the
meta-analyses was 3 (2–4). RevMan MH model was the
most frequently used model in the original Cochrane
reviews.

Figure 2 visualizes the agreement between the results
of meta-analyses using RevMan MH and other methods.
Ten panels in the lower-left of the figure show histo-
grams of logRORs, the denominator of which can be read
in the diagonal element to the right, and the numerator
to the diagonal element above. The upper-right panels
present scatter plots of logORs, with the vertical axis
representing the statistical methods indicated at diagonal
element at the bottom and the horizontal axis represent-
ing the methods indicated at the left.

We found that the Peto method tended to be incon-
sistent with any other methods, indicated by the wide
distribution of logROR histogram and by many outli-
ners off the 45� diagonal in the scatterplot. RevMan
MH was consistent with REIV or REIV TACC but not
with MH, logistic regression, and the Bayesian model.
MH was mostly consistent with the logistic regression
model.

Table 2 shows the characteristics of the included
meta-analyses categorized according to the RORs for
each method versus RevMan MH. A total of
109 meta-analyses using MH and logistic regression did
not converge due to various computational errors. In the
remaining sample (n = 776), we observed a large

4 TSUJIMOTO ET AL.
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difference between the results obtained from RevMan
MH and MH, logistic regression, and Bayesian model in
27%, 32%, and 63% of cases, respectively. Meta-analyses
with large RORs for methods other than the REIV or
REIV TACC versus RevMan MH tended to have a small
number of participants and events.

Table 3 shows details from meta-analyses that showed
extremely large size of ROR. The extremely large sizes of
ROR were observed when there were many events in
either the intervention group or the control group, and
few events in the opposite group.

4 | DISCUSSION

We found that many of existing Cochrane reviews
included at least one meta-analysis including single-zero
studies. Most were analyzed using RevMan MH or Ran-
dom effects IV models, which involve using a fixed conti-
nuity correction. Our reanalysis showed RevMan MH
gave many times substantially different results than
MH without correction or the logistic regression model;
both have been advocated as superior models for han-
dling single-zero studies. MH without correction and
logistic regression models showed agreement with each
other, but the Peto method tended to be inconsistent with
all other methods. Moreover, a substantial difference was
evident in �30% of the existing meta-analyses when com-
paring the results between RevMan MH and either MH
or logistic regression. Such large differences were mainly
seen in meta-analyses with a smaller number of partici-
pants and events. The extremely large difference in the
ORs from RevMan MH and other methods was observed
when there were many events in either the intervention
group or the control group, and few events in the oppo-
site group.

We found that a substantial proportion of the ORs
from RevMan MH were either 25% smaller or larger than
the ORs from MH or logistic regression models. Such
large difference of treatment effects may alter conclusions
drawn from meta-analyses. Our results strengthen previ-
ously expressed concerns that the use of continuity

FIGURE 1 Flow diagram of

the present study.

TABLE 1 Characteristics of included meta-analyses.

Characteristic n = 885

Number of included studies 3 (2, 4)

Number of participants 430 (257, 690)

Number of events 10 (5, 20)

Statistical methods used in the Cochrane
reviews

Fixed IV method with a fixed correction 17 (2%)

RevMan MH modela 566 (64%)

REIV 302 (34%)

Note: Values in parentheses show percentages or interquartile range.
Abbreviations: MH, Mantel–Haenszel; REIV, random effects inverse
variance method with a fixed correction.
aThe Mantel–Haenszel model with a fixed continuity correction, adding 0.5

to all cells of the 2 � 2 table, implemented in the RevMan software.
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correction is common, even though it is not generally
recommended.5–7 This might be mainly due to the fact
that RevMan, which is widely used in preparing system-
atic reviews and meta-analyses, has implemented the
method as the default setting.15 The Peto methods prone
to break down when ORs are large. This observation is in
agreement with prior studies which indicate that the
approximation employed for calculating the log OR is
reliable for modest effects of the intervention.1,16

Our results were consistent with a previous study that
showed that the use of fixed continuity correction led to
biased estimates, while MH without correction or logistic
regression yielded the least biased estimates.6 The agree-
ment that we found between MH and logistic regression
was also seen in a previous study.4 Thus, our findings are
not new; however, we were able to illustrate the issues

related to using a fixed continuity correction utilizing real
data from published meta-analyses.

Our descriptive analysis showed some situations
where there is a high likelihood of large differences
between comparing RevMan MH and other methods,
namely (i) meta-analyses with small number of partici-
pants and events, or (ii) meta-analyses with many events
in either the intervention group or the control group and
few events in the opposite group (i.e., large effects). This
information is crucial for informing researchers, readers,
peer-reviewers, and journal editors of meta-analyses that
when they encounter such situations, they need to inter-
pret the results with caution, as the estimates might be
considerably affected by zero-cell correction methods.

To our knowledge, this study is the largest to investi-
gate the impact of different zero-cell correction methods

FIGURE 2 Agreement in effect estimates obtained by each statistical method to deal with single-zero studies. Panels at the lower-left

present histograms of LogROR, for which the denominator of the ROR appears in the diagonal at the right and the numerator above. Upper

right panels present scatter plots of Log odds ratios, with the vertical axis representing the statistical methods indicated in the diagonal at the

bottom and the horizontal axis representing the methods indicated at the left. RevMan MH denotes the Mantel–Haenszel model with a fixed

continuity correction, adding 0.5 to all cells of the 2 � 2 table, which is the model implemented in the RevMan software. REIV denotes

random effects inverse variance model with a fixed continuity correction, adding 0.5 to all cells of the 2 � 2 table. REIV TACC denotes

random effects inverse variance model with the treatment arm continuity correction. MH denotes the Mantel–Haenszel model without

correction. Bayesian random effects model using a binomial likelihood for the outcome.

6 TSUJIMOTO ET AL.
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on existing meta-analyses. We followed a pre-specified
protocol and adhered to standard reporting guidelines.8,17

Our study illuminates the real-world application of zero
cell correction methods, aiding authors in understanding
the importance of the choice between these methods.

However, our study has several limitations. First, we
included meta-analyses having a control event rate of
<0.05 and a total participant count of fewer than 1000.
We found a significant number of Cochrane reviews
included such meta-analyses, enabling to test our

TABLE 2 Characteristics of the included meta-analyses categorized according to the ratio of odds ratios for each method versus RevMan

Mantel–Haenszel model.a

Characteristics

Sizes of RORs (vs. RevMan MH)b

Small Moderate Large

Methods

REIVc 658 (74%) 144 (16%) 83 (9%)

REIV TACCd 606 (68%) 179 (20%) 100 (11%)

Peto 492 (56%) 176 (20%) 217 (25%)

MHe 399 (51%) 167 (22%) 210 (27%)

Logistic regression 359 (46%) 167 (22%) 250 (32%)

Bayesian modelf 136 (15%) 194 (22%) 555 (63%)

Median number of studies in meta-analysis

REIVc 3 (2, 4) 3 (2, 5) 3 (2, 4)

REIV TACCd 3 (2, 4) 3 (2, 4) 2 (2, 4)

Peto 3 (2, 4) 3 (2, 4) 2 (2, 3)

MHe 3 (2, 4) 3 (2, 4) 2 (2, 3)

Logistic regression 3 (2, 4) 3 (2, 4) 3 (2, 4)

Bayesian modelf 4 (3, 5) 3.5 (3, 4.75) 2 (2, 3)

Median number of participants

REIVc 408 (242, 691) 507 (269, 675) 490 (262, 685)

REIV TACCd 430 (237, 702) 400 (270, 662) 443 (253, 683)

Peto 518 (298, 754) 359 (220, 627) 326 (191, 594)

MHe 552 (317, 777) 490 (273, 735) 330 (196, 551)

Logistic regression 528 (310, 761) 426 (242, 699) 398 (228, 654)

Bayesian modelf 582 (319, 845) 558 (337, 746) 360 (206, 622)

Median number of events

REIVc 9 (4, 18) 11 (7, 25) 21 (10, 36)

REIV TACCd 10 (5, 18) 10 (6, 21) 19 (8, 33)

Peto 13 (7, 22) 8 (4, 16) 5 (3, 19)

MHe 15 (8, 26) 11 (6, 24) 7 (4, 14)

Logistic regression 14 (7, 24) 10 (6, 23) 8 (5, 17)

Bayesian modelf 15 (6, 25) 13 (8, 27) 8 (4, 17)

Note: Values in parentheses shows percentage or interquartile range. Percentage calculations were based on a denominator that excluded 109 missing values
resulting from non-convergence for the MH and logistic regression models.

Abbreviations: MH, Mantel–Haenszel; REIV, random effects inverse variance; ROR, ratio of odds ratios; TACC, treatment arm continuity correction.
aThe Mantel–Haenszel model with a fixed continuity correction, adding 0.5 to all cells of the 2 � 2 table, which is the model implemented in the RevMan
software.
bSmall, ROR in the range of 0.9–1.11; Moderate, ROR in the range of 0.8–0.9 or 1.11–1.25; Large, ROR in the range of ≥1.25 or ≤0.8.
cRandom effects inverse variance model with a fixed continuity correction, adding 0.5 to all cells of the 2 � 2 table.
dRandom effects inverse variance model with the treatment arm continuity correction.
eThe Mantel–Haenszel model without correction.
fBayesian random effects model using a binomial likelihood for the outcome.
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TABLE 3 narrative summary of the meta-analyses that had extremely large size of ROR.a

CDSR
Participants, intervention,
control, and outcome

Events in the intervention
arm for each study

Events in the control
arm for each study

ORs from
different models

CD00663310 Participants: patients with
schizophrenia

Study 1: 28/31 Study 1: 1/32 RevMan
MHb

182.73

Intervention: clozapine Study 2: 23/36 Study 2: 0/36 REIVc 209.00

Control: quetiapine REIV
TACCd

209.00

Outcome: hypersalivation—short
term

Peto 23.96

MHe 530.83

Logistic 372.02

Bayesian
modelf

582.42

CD00506711 Participants: patients with Old
World cutaneous leishmaniasis

Study 1: 49/60 Study 1: 0/60 RevMan
MHb

221.89

Intervention: oral dapsone Study 2: 18/20 Study 2: 2/20 REIVc 156.47

Control: placebo REIV
TACCd

156.47

Outcome: Participants complete
cure

Peto 26.89

MHe 326.00

Logistic 276.91

Bayesian
modelf

457.41

CD00559012 Participants: non-HIV
immunocompromised patients

Study 1: 0/30 Study 1: 1/30 RevMan
MHb

0.12

Intervention: TMP/SMX Study 2: 0/80 Study 2: 18/80 REIVc 0.25

Control: placebo, no treatment or
non-PCP drug

Study 3: 1/22 Study 3: 0/20 REIV
TACCd

0.25

Outcome: documented PCP
infections—hematological cancer
subgroup

Study 4: 0/61 Study 4: 0/59 Peto 0.14

Study 5: 0/74 Study 5: 0/63 MHe 0.05

Study 6: 0/27 Study 6: 0/61 Logistic 0.11

Study 7: 0/52 Study 7: 0/50 Bayesian
modelf

0.04

Study 8: 0/74 Study 8: 0/64

CD00837013 Participants: patients received
pancreatic surgery

Study 1: 16/16 Study 1: 0/16 RevMan
MHb

19.38

Intervention: somatostatin
analogues

Study 2: 2/38 Study 2: 1/37 REIVc 40.48

Control: none Study 3: 0/35 Study 3: 0/32 REIV
TACCd

40.51

Outcome: number with adverse
effects due to treatment

Study 4: 0/107 Study 4: 0/104 Peto 21.81

MHe 19.65

Logistic 634.97

Bayesian
modelf

92.25

8 TSUJIMOTO ET AL.
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hypothesis. However, this also means that the general-
izability of our findings beyond such scenarios might be
limited. Furthermore, we did not examine bias in esti-
mates per se, only differences in effect estimate across
models. Second, although we used a generic Bayesian
random effects model for all meta-analyses, we
acknowledge that this is not an optimal way of perform-
ing Bayesian statistics. Ideally, such analyses should
have been done in separation, with a more careful
selection of prior distributions (e.g., after using infor-
mative priors for heterogeneity, as in Turner et al.18),
by carefully checking convergence, and so on. We used
the generic Bayesian model here, however, as a means
of exploring general differences between models. Third,
because we focused on Cochrane reviews of interven-
tions, the proportion of reviews that used RevMan MH
might be smaller in non-Cochrane reviews. Fourthly,
we did not directly compare the effect estimates from
RevMan MH obtained by the RevMan software, but
instead, we compared those obtained using R software.
Nevertheless, we expect potential differences to be
minor, as they are based on the same mathematical
models. Finally, although a 25% difference in odds
ratios was deemed large, we were unable to explore
whether the interpretation of the effect estimates would
change when using different methods. In Cochrane

reviews, the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) approach is
used to assess the certainty of evidence. When applying
GRADE to the estimates, the small number of events in
our sample could result in a downgrade of imprecision.
If the certainty of evidence was already very low in the
original reviews, GRADE guides us to interpret the evi-
dence as being very uncertain about the effect of the
intervention on an outcome. Therefore, the difference
in effect estimates might not significantly impact the
interpretation of the results in such cases.

In conclusion, the influence of zero-cell correction
methods on effect estimates could be significant in exist-
ing Cochrane reviews. We strongly propose that RevMan
web, the software for Cochrane reviews, should incorpo-
rate more advanced statistical methods such as MH with
no continuity correction and logistic regression. Even
more advanced models such as the beta-binomial model,
which have been shown to perform well, should be also
ideally utilized.19 Additional research is required to deter-
mine if the use of these improved methods will change
interpretation of results.
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