
Meta-analysis is a powerful tool for synthesizing quan-
titative evidence from multiple studies, but its utility is 
shaped by a series of crucial methodological choices—
none more prominent than the selection of the appropri-
ate statistical model. A recent article by Vatvani et al. [1], 
published in the Korean Journal of Pain, examined the 
efficacy and safety of low-dose naltrexone for patients 
with fibromyalgia. This paper prompted a constructive 
discussion regarding model selection in meta-analysis. 
The authors employed a random-effects model, citing an-
ticipated heterogeneity due to clinical and methodologi-
cal differences among the included studies. In response, 
a letter to the editor raised concerns about the lack of 
empirical justification for this choice, advocating for the 
use of statistical thresholds—such as I² and Cochran’s Q 
test—as criteria for model selection [2]. Hariyanto et al. [3] 
replied with a detailed defense of their approach, draw-
ing upon both theoretical and practical considerations.

This discussion underscores the complex and evolv-
ing nature of statistical model selection in meta-analytic 
research. As editors, we welcome such scholarly engage-
ment, which provides an opportunity to revisit founda-
tional principles while recognizing the contextual factors 
that inform analytical decisions.

At the heart of this debate is a fundamental question: 

What assumptions should guide the pooling of effect siz-
es across studies? The fixed-effect model assumes that all 
studies estimate the same true effect, and any observed 
variation is due to sampling error alone. In contrast, the 
random-effects model assumes that true effect sizes may 
differ across studies due to clinical, methodological, or 
contextual variability. The fixed-effect model, therefore, 
estimates the common effect in a specific set of studies, 
whereas the random-effects model estimates the average 
effect across a broader distribution of related studies [4].

The letter to the editor proposed a rule-based decision 
framework: apply a fixed-effect model when I² ≤ 50% 
and Pchi

2 ≥ 0.05, and a random-effects model when I² > 
50% and Pchi

2 < 0.05. This approach is commonly taught 
in evidence-based medicine curricula and often used in 
practice. However, as Hariyanto et al. [3] correctly point 
out—and as recent methodological reviews have empha-
sized—relying solely on statistical thresholds may be too 
simplistic and, in some cases, misleading [4,5].

There are several reasons why relying exclusively on 
I² and Cochran’s Q test can be problematic. First, the 
Cochran’s Q test has limited statistical power, especially 
when the number of studies is small, increasing the risk 
of failing to detect true heterogeneity. Second, I² quanti-
fies the proportion of the true effect variance to the ob-
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served variance attributable to between-study heteroge-
neity, but it is a relative—rather than absolute—measure. 
It does not indicate the magnitude of heterogeneity on 
the original outcome scale. Moreover, I² often has wide 
and imprecise confidence intervals when few studies are 
available, reducing its reliability. These limitations sug-
gest that heterogeneity statistics should inform—but not 
dictate—model selection.

That said, as the letter’s authors rightly observe, ap-
plying empirical or even arbitrary thresholds—such as 
those based on I²—can help standardize interpretation 
and improve transparency [2]. While these rules may not 
fully capture the complexity of between-study variation, 
they can still serve as useful rules of thumb for clinicians, 
researchers, and readers aiming for consistent interpreta-
tion.

That said, as the letter’s authors point out, considering 
both objectivity and practicality, setting empirical cutoffs 
for heterogeneity—such as using I² thresholds—can help 
standardize interpretation and improve transparency [2]. 
Although somewhat arbitrary, these thresholds may serve 
as useful heuristics for clinicians, researchers, and read-
ers who seek more consistent guidance when interpreting 
meta-analytic findings.

The random-effects model is generally more conserva-
tive and robust in the presence of study-level variability. 
Notably, when the between-study variance (τ²) is small, 
results from random-effects and fixed-effect models tend 
to converge, reducing the practical risk of misestimation. 
In the study by Vatvani et al. [1], the I² for the primary 
outcome was 33%, typically interpreted as low-to-moder-
ate heterogeneity. Interestingly, the pooled estimates un-
der both models were nearly identical [3]. This suggests 
that, even without applying empirical or arbitrary thresh-
olds, the use of a random-effects model in this instance 
produced results that were not meaningfully different. As 
such, the model choice was unlikely to introduce bias or 
alter the clinical interpretation.

This finding supports a more flexible, context-sensitive 
approach to model selection. As we have previously 
argued, heterogeneity is an intrinsic feature of meta-
analysis and should be seen not merely as a statistical 
complication, but as a reflection of real-world variation 
in clinical practice, patient populations, and method-
ological design [4]. Therefore, decisions regarding model 
choice should also take into account the presence of 
clinical heterogeneity, variability in study designs, and 
the intended scope of generalizability [4]. When studies 
are drawn from diverse settings involving different in-
terventions and populations—as in the case of low-dose 

naltrexone—a random-effects model often better reflects 
the likely distribution of effects.

To improve the characterization and communication 
of heterogeneity, we also recommend supplementing I² 
with additional metrics such as τ (the standard deviation 
of true effects), τ² (its variance), and prediction intervals. 
Unlike I², τ and the prediction interval are expressed in 
the same units as the outcome of interest, making them 
more intuitive for clinical interpretation. Prediction in-
tervals, in particular, offer insight into the expected range 
of effects in future studies and may be more informative 
than a single summary estimate for decision-making [4].

Moreover, we advocate for the use of additional tools—
such as τ, τ², and prediction intervals—to better charac-
terize and communicate heterogeneity. Unlike I², which 
expresses heterogeneity as a percentage, τ and the pre-
diction interval are expressed in the same units as the 
outcome of interest, allowing for more intuitive interpre-
tation. Prediction intervals in particular offer insights into 
the range of likely effects in future studies, which can be 
more informative for clinicians and policymakers than a 
single summary estimate [4,5].

Another important point highlighted by the letter writ-
ers was the use of the term “random-effect model” in-
stead of the technically correct “random-effects model.” 
We concur that precise terminology is essential in schol-
arly writing, as even seemingly minor errors can reflect 
a lack of clarity or attention to important distinctions 
in statistical concepts. In this case, adopting the correct 
term not only aligns with established conventions in me-
ta-analysis but also reinforces the conceptual distinction 
that the model accounts for variability in multiple effect 
sizes. We appreciate the authors for bringing this to at-
tention, as such corrections enhance both the clarity and 
credibility of scientific communication.

In conclusion, this dialogue highlights the importance 
of thoughtful, transparent, and context-aware decision-
making in meta-analytic research. There is no one-size-
fits-all rule for model selection. Both empirical measures 
and conceptual reasoning should guide analytical choic-
es. We encourage authors to prespecify their analytical 
strategy in a registered protocol, justify their model selec-
tion using both statistical and clinical arguments, and 
perform sensitivity analyses to evaluate the robustness of 
their results. Editors and reviewers, in turn, should assess 
these decisions within the broader context of the research 
question and the characteristics of the included studies.

We thank both the letter authors and the original inves-
tigators for contributing to this important methodologi-
cal conversation. Such discussion not only enhance the 
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quality of individual publications but also fosters a more 
thoughtful and rigorous scientific community.
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