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model for meta-analysis with few studies which include
the zero-event studies as well.
For the double-zero-event studies in meta-analysis, we

have shown by reanalyzing COVID-19 data that they do
impact the estimate of the mean effect size, and so they
may not be uninformative. As noted by Friedrich et al.
[44], including the double-zero-event studies moves the
mean effect size estimate toward the direction of the
null hypothesis. If one arbitrarily excluded the informa-
tive double-zero-event studies, there would be a risk of
overstating the treatment effect such that the conclusion
would be less reliable. As recommended by the literature
[7, 13] and the references therein, we suggest including the
double-zero-event studies in meta-analysis.
Apart from model comparison, the selection of effect

sizes has attracted more and more attention in the litera-
ture. In particular, there is a recent debate on the choice
of RR or OR in clinical epidemiology, in which a num-
ber of important properties of RR or OR together with
their pros and cons were discussed including, for exam-
ple, portability and collapsibility [45–47]. In view of this,
we have also analyzed COVID-19 data with OR being the
effect size and present the results in Appendix 6 with R
code in Appendix 7. To handle the zero-event studies,
we apply four methods that have been reviewed in this
paper, including Haldane’s continuity correction, TACC,
the GLMM, and the empirical continuity correction pro-
posed by Sweeting et al. [18]. For more techniques on
meta-analysis of OR with the zero-event studies, one may
refer to [4, 7, 18, 29, 34] and the references therein.

Conclusions
In this paper, we revisited the existing methods that are
widely used to handle the zero-event problem in meta-
analysis of binary data, in particular with RR as the effect
size which is also known as the risk ratio. For the methods
with the continuity correction, we reviewed four existing
estimators of RR and also introduced a new hybrid estima-
tor with their applications to the random-effects model.
Apart from those, the GLMM was also included which is
a state-of-the-art method without the continuity correc-
tion. By a comparative study and also a real data analysis
on COVID-19 data, we found that the random-effects
model with the hybrid estimator can serve as a more reli-
able method for handling the zero-event studies when
there are few studies in a meta-analysis, and recommend
using the GLMM when the number of studies is large.
This paper also provides a useful addition to Chu et al.
[8], and meanwhile, it also calls for further observational
studies in this field.
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