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e There 1s a risk of study sample overlap in a
meta-analysis, when multiple studies in the meta-
analysis are based on similar pre-existing data.

e Sample overlap potentially leads to increased
type one error and distorted representativness of
the result.

e In meta-analyses of observational studies in-
cluding registry-based studies, the analyses are
usually based only on aggregated data, and for
such cases there 1s no systematical solution to
handle sample overlap.
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Overlap 1s an multivariate relationship. In contrast
to bivariate relationship such as correlation, i1t can-
not be fully represented using a single matrix. Fig-
ure 1 gives a simplified graphical explanation of it.
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Figure 1: Overlap 1s not a bivariate relationship.

We developed a theory for describing and estimat-
ing the overlap structure in a meta-analysis. The
theory could work as a basis for further steps of
overlap handling, namely the evaluation of 1ts 1m-
pact and the correction of the result.
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Figure 2: An example of overlap structure among four studies

We suggested a value to quantity the degree of over-
lap, the risk of overlap € [0, 1]. It can be calculated
for all subsets of the set of study samples of a meta-
analysis, and only aggregated data 1s required for
the calculation. O means there 1s no overlap among
the sample of studies in the set; 1 means all samples
in the group has the same ranges ot key character-
istics. Figure 3 shows our approach of visualising
the risks of overlap.
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Figure 3: Visualization of the risks of overlap
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Step 1: Collect the ranges of characteristics for
each study sample.

Step 2: Choose the key characteristics.

Step 3: Vectorize the key characteristics.

Step 4: Calculate the risks of overlap.
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Figure 4: An example of the result of step 3
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Figure 5: An example of the result of step 4

>

One application of risk of overlap 1s to calculate the
set of overlap-free samples with the largest sample
size, following the steps below.

1. We find the set B of all the sets of study sam-
ples whose risk of overlap i1s zero.

2. In By, we keep only the sets that have all their
subsets also 1n B, and denote the new set as 5;.

3. In B,, we keep only the sets who do not have a
proper superset in 5, and denote it as Bo.

4. Choose the set in B that has the largest sample
S1Ze.
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Figure 6: Step 1 Figure 7: Step 2 Figure 8: Step 3
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We applied our method to several published real
world meta-analysis. For example, in one meta-
analysis that investigated the impact of ethnicity on
clinical outcomes in COVID-19 [1], we calculated
the overlap-free sample group with the largest sam-
ple size. The result 1s a set of 5 study samples (out
of 51 tudies 1n total), which are marked 1n the fig-
ure 9. Although we only have 3 studies left, it has
a total sample size of 14,317,870 compare with the
original total sample size of 17,211,742 from 31
studies. In other words, we obtain a overlap-iree
meta-analysis population at the cost of only 16.8%
sample size reduction.
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Figure 9: The result of vectorization, and the choice of overlap-free set of
study samples with the largest sample size
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We suggested a quantity “risk of overlap” which 1n-
dicates the degree of overlap . Our approach trans-
forms the task of finding overlapping observations
between study samples into 1dentifying overlaps in
samples’ characteristics, which 1s much more fea-
sible 1n practice. We described the theory behind
our method using a combination of common con-
cepts 1n set theory and the coding of the basic 1n-
formation about the study samples. The method
1s viable even when only very limited information
about the sample 1s given, for example when only
the papers of the studies are available, which 1s of-
ten the case 1n practice.

We designed an algorithm based on ’risk of over-
lap” that find out the overlap-free set of samples
that has the largest sample size, based on character-
istics of the samples that are easily available. This
set can be used for further analysis, which should
provide valuable insight of the potential impact of
sample overlap.

We applied our methods to existing meta-analyses
in this paper, and were able to confirm the viabil-
ity of our method to complex real-world scenario.
The result also showed the necessity of such over-
lap analysis due to the high risk of overlap we dis-
covered with the help of our method 1n the 1investi-
gated cases.
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