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Abstract
This focus article aims to highlight the value of reporting prediction intervals (PIs)

in random effects meta-analysis and to assess the prevalence of PI-reporting in

periodontology and implant dentistry meta-analyses. We searched in the PubMed

database for meta-analyses published in the fields of periodontology and implant

dentistry. We selected meta-analyses related to primary outcomes with at least three

trials. Additionally, we extracted information on the type of the meta-analysis model

(fixed or random) and whether the random effects meta-analyses included PIs in addi-

tion to the 95% confidence intervals. Three-hundred and forty-nine meta-analyses

were found in 94 systematic reviews. Two-hundred and sixty-three (75.4%) subgroup

and full meta-analyses used the random-effects model, 81 (23.2%) used fixed-effect

methods, and 5 (1.4%) did not specify the model used. In 75 systematic reviews, we

found 231 meta-analyses with three or more trials (173 full meta-analyses and 58

subgroup meta-analyses). Only one systematic review reported PIs. Interpretation of

the results of random effects meta-analyses which ignore heterogeneity can be mis-

leading. Heterogeneity should be explored, and two common approaches include sub-

group analyses and meta-regression. Random effects meta-analyses should include

PIs because they convey the extent of heterogeneity in treatment effects across studies

in a clinically relevant context.
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INTRODUCTION

Systematic reviews command the highest level of the evidence

pyramid because they aim, ideally, to combine the totality of

the high-quality evidence in a particular field. The combina-

tion of the evidence, where applicable, is expressed via the

mathematical synthesis, termed meta-analysis, of the results

of the included individual trials. The two most common meta-

analyses models are the fixed effect and the random effects

models [1].
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The fixed effect model assumes that there is a common

effect with no heterogeneity between studies and only within-

study variability due to random error, whereas the random

effects model assumes a distribution of effects and conse-

quently between-study heterogeneity in the treatment effects.

The focus of the interpretation in a meta-analysis is the pooled

estimate, the corresponding confidence interval, the p-value

and for the random effects model in addition the measures

of heterogeneity such as I2 (the proportion of the observed

variance attributed to the true effects rather than to sampling
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error) and τ2 (defined as the between-study variance or the

variance of the distribution of the effect sizes across the popu-

lation of studies). The I2 has been often reported as a between-

study variance metric; however, this interpretation is incorrect

[2].

The pooled estimate in fixed effect and random effects

meta-analysis represents different metrics, and the pooled

estimate in random effects meta-analyses is often misinter-

preted as the overall effect, just as in the fixed effect model.

This naive interpretation ignores the fact that a single param-

eter cannot adequately summarize heterogeneous effects [3],

and so this approach is usually insufficient. This problem is

nicely illustrated by Higgins et al. [4], where the interpretation

of two meta-analyses that produced the same pooled estimates

and were interpreted using only the pooled estimate failed to

highlight important differences between the two datasets that

could radically alter the conclusions. Furthermore, the I2 and

τ2 random effects metrics are difficult to interpret in a clin-

ical context. The interpretation of I2 is not straightforward

due to its dependency on the sample size; this can result in

a low and non-statistically significant I2 when there are few

studies, and vice versa. The τ2, although a better measure,

is again not easy to interpret because it is not expressed in

the same metric as the effect estimates since it is squared.

By contrast, the prediction interval (PI) [4] metric captures

the between-trial heterogeneity and can be readily interpreted

and communicated with the clinician. The PI is defined as the

interval within which the effect size of a new study would

fall if this study were selected at random from the same pop-

ulation of studies already included in the meta-analysis [5].

The PI can be calculated when there are at least three trials

in the meta-analysis, and depending on the extent of hetero-

geneity, the PI is wider than the 95% CI of the pooled estimate,

unless τ2 is zero, reflecting the added uncertainty of a future

trial. A simple 100(1-α)% PI can be calculated as follows

[4]:

𝑀 ± 𝑡
𝛼

𝑘−2

√
𝜏2 + 𝑆𝐸(𝑀)2

where M is the summary mean (pooled estimate) from the

random effects meta-analysis, 𝑡𝛼
𝑘−2 is the 100(1 − 𝛼

2 )% per-

centile of a t-distribution with k-2 degrees of freedom, k is

the number of studies, 𝜏2 is the between-study heterogeneity,

and SE(M), the standard error of the summary mean.

In random effects meta-analysis, the confidence interval

quantifies the precision of the mean effect size, and the PI

reflects the dispersion of the true effect sizes of the new stud-

ies. For example, a 95% confidence interval indicates that, in

95% of the cases, the mean effect size will fall within the ran-

dom effects meta-analysis diamond, whereas a 95% PI indi-

cates that, in 95% of the cases, the true effect size of a new

study will fall within the meta-analysis PI.

Despite the differences between fixed effect and random

effects meta-analysis, findings are often interpreted in the

same manner [6]. A confidence interval may indicate a clini-

cal effect, which may not corroborate with the corresponding

PI. The confidence interval is a measure of the precision of the

average effect across the distribution of all effects. The aver-

age effect may indicate that the treatment, on average, works.

The PI indicates the variability and the range of effects, and

it could very well be that some effects are beneficial, while

others are trivial or even harmful. Thus, the interpretation of

the result from a random effects meta-analysis solely based

on the confidence interval may convey an incorrect message

about the range of the plausible effects of an intervention.

Despite the advantages of PIs [6,7], they are not often

reported for the random effects meta-analyses. To the best of

our knowledge, no systematic evaluation of the reporting of

PIs in the field of dentistry (and specifically in periodontol-

ogy and implant dentistry) in random effects meta-analyses

has been undertaken. Accordingly, the aim of this focus article

was to assess the use of PIs in random effects meta-analyses

in periodontology and implant dentistry.

MATERIAL AND METHODS

We included meta-analyses of interventional clinical studies

conducted in the fields of periodontology and implant den-

tistry. Other types of meta-analyses (e.g., on prevalence of

disease), network-meta-analyses, meta-analyses of the asso-

ciation of risk factors and periodontal and dental implant

outcomes, and meta-analyses from other dental fields were

excluded. This sample of meta-analyses is derived from a

sample from another study [8] that addressed a different

research question.

In the PubMed database, we searched for meta-analyses

published between August 2015 and August 2020 by using

specific keywords (see Table S1 in the Supporting Informa-

tion). We selected the forest plots directly related to the pri-

mary outcomes. In the event of no report of primary out-

comes, we selected the forest plots with the greatest number

of primary studies. If multiple examples of the selected forest

plots included the same number of studies, we included all of

them. Forest plots of meta-analyses were identified, and only

meta-analyses using the random-effects approach with at least

three primary studies were selected. From the selected forest

plot, we recorded the reporting or not reporting of PIs and

whether authors interpreted the meta-analyses results based

on the PIs.

RESULTS

The search in PubMed initially generated 282 poten-

tial reviews; after screening and full-text assessment, 94
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T A B L E 1 Outcomes with corresponding 95% confidence and predictions intervalsa

Outcome
Number
of studies

95% Confidence
interval p-value

95% Prediction
interval

Marginal bone level 11 1.27, 2.71 <0.05 −0.4, 4.4

Clinical attachment level gain 8 1.32, 1.22 <0.05 0.6, 3.0

Recession level 10 −0.97, −0.33 <0.05 −1.7, 0.4

Pocket depth reduction 21 2.32, 3.37 <0.05 0.4, 5.3

Bleeding on probing at implants 5 0.23, 0.75 <0.05 0.1, 2.3

Bleeding on probing at implant sites 18 0.15, 0.37 <0.05 0.0, 1.7

aData extracted from Tomasi et al. [9]

systematic reviews produced 349 meta-analyses. Figure S1

reports the search and selection of studies. The median num-

ber of trials included in the random-effects meta-analyses

was 5 (range 2–31). Of the 349 meta-analyses, 263 (75.4%)

belonging to 75 systematic reviews used the random-effects

model and 81 (23.2%) used the fixed-effect model. Two

systematic reviews produced five (1.4%) meta-analyses not

reporting the meta-analysis model. Seventy-five systematic

reviews included 231 meta-analyses with three or more tri-

als (173 full meta-analyses and 58 subgroup meta-analyses,

respectively). Only one systematic review [9] reported PIs

in one meta-analysis related to the primary outcome (change

of marginal bone level [MBL]). That systematic review also

reported PIs for the following secondary outcomes: clinical

attachment level gain, recession, pocket depth reduction, and

bleeding on probing at implants and implant sites. Table 1

presents the outcomes with the corresponding 95% confi-

dence intervals and the 95% PIs. The interpretation of all six

outcomes using the confidence interval shows a statistically

significant treatment effect, whereas, when using the PI, for

four out the six outcomes the results suggest that no effect is

also possible in a future trial using this intervention in a simi-

lar population mix. For the primary outcome (MBL), the 95%

CI (1.27–2.71 mm) suggests (on average) clinically relevant

improvements; however, the 95% PI (−0.4 to 4.4 mm) also

includes trivial effects or effects that do not preclude reduc-

tion in the MBL. In fact, the PIs conveyed a different result

from the confidence intervals in four of six meta-analyses.

This indicates the uncertainty of the estimates and in the con-

clusions, given the observed between-study heterogeneity.

DISCUSSION

Our study found that most meta-analyses in periodontol-

ogy and implant dentistry used the random-effects model,

whereas PIs, despite their advantages, are rarely reported.

However, calculation of the PIs would temper the conclusions

drawn from meta-analyses of most outcomes. This change in

interpretation has been reported elsewhere on a large sam-

ple of Cochrane systematic reviews [5]. In that study, the PI

indicated that the range of the intervention effect could be

null or could even include negative effects in 72.4% of 479

statistically significant (in terms of the average effect) ran-

dom effects meta-analyses. The oversimplistic interpretation

of the random effects meta-analysis based only on the mean

of the random-effects distribution can be quite deceptive. Het-

erogeneity across trials, expressed via τ2, communicates the

degree of inconsistency among the included trials, which is

an integral part of random effects meta-analysis. A key ele-

ment of random-effects meta-analysis is to provide inferences

for trials not included in the meta-analysis (generalization) by

considering the uncertainty of treatment effects over different

settings.

On the other hand, true heterogeneity in treatment effects

can be confounded by bias in the included trials, and in

the presence of bias, interpretation of random-effects meta-

analysis can be difficult. Meta-analyses with a small number

of trials, which is a common theme in oral health [10,11], pose

additional problems in precisely estimating heterogeneity and

treatment effects. Statistical assessment of heterogeneity in

meta-analyses with few trials has very low power and inter-

pretation of heterogeneity based on p-values can be mislead-

ing. This occurs because p-values are very sensitive to sample

size. In the same way, a meta-analysis with many trials can

have high power and a highly statistically significant result on

the heterogeneity estimate when, in fact, true heterogeneity is

low [12].

A possible explanation for the low use of PIs in this sam-

ple of meta-analyses is lack of awareness [6]. The preci-

sion of the estimate derived from the PI is dependent on

the number and size of trials included in the meta-analysis

[7,13]. The fewer and smaller the studies, the less pre-

cise is this estimate. However, if the small number of tri-

als (fewer than three) negates the use of PIs, resorting to

the naive interpretation of the random-effects meta-analytic

estimate is not appropriate, as explained earlier. Accordingly,

despite the imprecision of the PI due to the limited num-

ber of trials, its use and appropriate interpretation should be

encouraged.
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Although our assessment was focused on two specific

fields, we believe that there is no evidence to suggest that this

scenario is different in other dental fields. We examined for-

est plots related only to primary outcomes; however, we do

not expect that forest plots for any other outcomes in the same

meta-analysis will include PIs.

In conclusion, we find that PIs are important for the

proper interpretation of treatment effects estimated from

random-effects meta-analyses. Unfortunately, PIs are rarely

provided in random-effects meta-analyses in periodontology

and implant dentistry. Journals should include recommenda-

tions for authors submitting systematic reviews with random-

effects meta-analyses to report PIs together with confidence

intervals.
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