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Introduction

Meta-analysis, from Greek petd (meta, after) and
dvé-Mog (ana-lysis, breaking up), refers to the analysis
of analyses. Meta-analyses address what existing studies
collectively allow to be inferred, rather than answering a
primary research question. The use of meta-analysis has
expanded rapidly, with more than 400000 meta-analyses
indexed in PubMed between 1980 and 2025 (appendix
p 9). Yet the trustworthiness of meta-analyses varies
widely. Some have reshaped clinical practice and policy;
others have added noise or conveyed false certainty. The
key question is not whether meta-analyses are influential,
but which deserve clinical confidence.

Often positioned near the apex of the evidence-based
medicine hierarchy (appendix p 10), meta-analyses can
help to guide clinical decision making, inform guidelines,
and identify effects not evident in individual trials. High-
quality meta-analyses also refine existing knowledge,
identify gaps, and generate hypotheses for future
confirmation. However, visibility and citation do not
necessarily reflect clinical value (appendix p 11). True
impact depends on the quality and coherence of the
evidence, the appropriateness of the methods, and the
validity of the inferences drawn. To quote William Bruce
Cameron, “not everything that can be counted counts,
and not everything that counts can be counted”.!

The believability of a meta-analysis depends on the
alignment between these elements—evidence, methods,
and inference. This Viewpoint outlines how to identify
meta-analyses that merit clinical confidence. Although
the examples mostly relate to cardiology, the principles
are generalisable.

Have meta-analyses shaped clinical practice?
Examples of success and failure

Meta-analyses have both informed and misled practice.
They offer unique value when individual trials have
insufficient statistical power to assess subgroups,
secondary endpoints, rare safety signals, or combination
therapies. Key successes, such as the Cholesterol
Treatment  Trialists'  Collaboration’s  prospectively
designed individual participant data (IPD) meta-
analysis™—which demonstrated that intensive LDL
cholesterol lowering reduces major vascular events and
underpins modern lipid guidelines—are shown in the
appendix (p 2).

Conversely, the 2007 rosiglitazone meta-analysis’—
based on short trials in heterogeneous populations
(mostly type 2 diabetes, but also impaired glucose
tolerance, psoriasis, and Alzheimer’s disease), not
designed for cardiovascular outcomes, analysed at the
trial level rather than individual level without adjustment
for zero-event trials, and with no sensitivity

analyses—suggested an increased risk of myocardial
infarction and possibly cardiovascular death. This meta-
analysis illustrates both the risks of overinterpretation
and the potential value of early synthesis in identifying
safety concerns and prompting further investigation. A
dedicated cardiovascular outcomes trial, RECORD,*
ultimately provided a more complete picture. Other cases
where meta-analytic conclusions conflicted with the
results of randomised controlled trials, reflecting not
flawed methods but the limitations of pooling evolving
data, are highlighted in the appendix (p 3). Combining
heterogeneous or premature data can mislead; studies
must be sufficiently aligned in population, endpoints,
and design to allow adequate pooling.

Meta-analyses versus pooled analyses: clarifying
a common confusion
Meta-analyses combine effect estimates, typically using
random-effects or fixed-effects models (or Bayesian
variants), weighting studies and accounting for between-
study heterogeneity. Pooled analyses merge raw or
harmonised participant-level datasets from multiple
trials into a single cohort analysed as one population.
The SMART-C collaborative meta-analyses of SGLI2
inhibitors®® illustrate how meta-analyses can clarify class
effects across heterogeneous trials, and the pooled IPD
analysis of the VICTORIA and VICTOR trials’ exemplifies
the inferential complexity of pooling related but distinct
trial populations, particularly when patients differ in
disease severity, background therapy, and endpoint
patterns, and when the validity of a single pooled estimate
is itself open to question. The approaches are
complementary, but not interchangeable.

How to assess the quality of meta-analyses: can
we trust what we read?

The quality and trustworthiness of meta-analyses have
long been debated.® As structured syntheses, the
conclusions of meta-analyses can be misleading if based
on sparse data, indirect comparisons, or clinically or
statistically heterogeneous studies. Even formally correct
analyses might convey unwarranted confidence; rigorous
analyses can help inform, but do not replace clinical
judgement.

A practical ten-point appraisal checklist for clinicians
(intended as a structured guide, not a formal scoring
system) is presented in the appendix (p 4), covering:
protocol and transparency; study design; methodological
rigour; data richness; effect size and clinical
interpretability; dose-response gradient; statistical
precision; heterogeneity; publication bias; and direction
of residual bias. The first step is always to assess: would
pooling be valid and helpful (ie, are the trials sufficiently
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aligned to support a common inference)? High-
confidence meta-analyses use prospectively registered
protocols, independent reviewers, and high-quality
randomised controlled trials, and accrue sufficient events
for precise, clinically meaningful estimates, with
consistent effects, and heterogeneity that is low or
explicable in clinical and statistical terms. Confidence
grows when searches are comprehensive, publication
bias is minimal, and any residual bias is more likely to
attenuate than inflate effects.

Conversely, low-confidence meta-analyses are post hoc,
underpowered, or marked by attrition, bias, and
unexplained heterogeneity. Transparency and critical
appraisal remain essential. Validity also depends on
completeness of trial inclusion (so-called moving target)
and the integrity of source data. Unlike trialists, meta-
analysts typically work with secondary data and inherit
their limitations. Selective reporting, undefined follow-
up, shifting endpoints, and retractions can distort pooled
estimates.” Another potential threat is fabricated trials.
Standard risk-of-bias tools assume a trial occurred as
reported and cannot detect fabrication; fraudulent
studies typically mimic well conducted ones, rendering
heterogeneity ~statistics an unreliable safeguard.
Retracted trials are a small part of a much larger
problem—for example, the VITALITY study identified
847 systematic reviews incorporating retracted studies.’
Cochrane endorses the INSPECT-SR trustworthiness
tool and a policy on managing potentially problematic
studies.®" Authors should document integrity checks
beyond risk-of-bias assessment. More commonly, poor
trial quality—inadequate randomisation, outcome
reporting bias, or selective follow-up—is an equally
important threat; a rigorous risk-of-bias assessment
remains essential.

Alongside existing quality checklists (appendix pp 6, 12),
a pragmatic three-tier hierarchy, adapted from US Food
and Drug Administration draft guidance, can help grade
meta-analyses (appendix p 13).2 The top-tier gold standard
includes prospectively planned meta-analyses with
harmonised trials, rigorous outcome ascertainment,
defined exposure periods, and, typically, participant-level
data (eg, EMPEROR-Reduced and EMPEROR-
Preserved).” Mid-tier analyses are prospectively planned
but use existing trials included without previous
knowledge of outcomes. Lower-tier analyses lack
prospective planning, include trials selected with
knowledge of outcomes, have less rigorous ascertainment,
and rarely include participant-level data.

IPD meta-analyses offer increased precision, but study-
level meta-analyses can still generate meaningful
insights (appendix p 7). Meta-analyses of observational
data remain valuable when randomised controlled trials
are unavailable, unethical, or impractical—common in
studies of aetiology (eg, smoking and lung cancer),
prognosis, risk prediction, harms, and public health—
but risk spurious precision and confounding.

A 2016 audit found only 3% of meta-analyses offer
clinical utility; many are unpublished, redundant, flawed,
or misleading." Even IPD meta-analyses can be limited by
inadequate rigour. A 2021 audit identified unsatisfactory
bias assessment, protocols, searches, and data integrity.”
Statistical heterogeneity (I2, 12) characterises variability
across studies, but clinical heterogeneity (ie, differences in
populations, interventions, comparators, and settings) is
equally important and often receives inadequate attention.
Some heterogeneity is expected; what matters is whether
that heterogeneity is explicable and clinically coherent.
Industry funding can influence trial design, study
selection, and conclusions; these influences have been
documented in network meta-analyses but are not
confined to them.* Funding sources and conflicts should
be disclosed transparently and considered alongside the
evidence.

Systematic reviews in noisy evidence landscapes
Systematic reviews are a foundational framework:
they define the question, search strategy, eligibility
criteria, and appraisal process. Meta-analysis is
one component—a quantitative synthesis that can
reasonably be performed when pooling is deemed
appropriate. Reporting standards (eg, PRISMA 2020)
and appraisal tools (eg, Joanna Briggs Institute frame-
works) provide practical guidance on how to assess both
systematic reviews and meta-analyses.”*

How have meta-analytic methods evolved?
Standardised frameworks (appendix pp 6, 12) and
advanced methods (appendix p 8) improve rigour,
transparency, and consistency, but no checklist rescues
weak evidence, inappropriate pooling, or poor clinical
relevance. Diagnostic and prognostic meta-analyses face
spectrum bias—when study populations do not
encompass the full spectrum of disease severity—and
inconsistent outcomes. Preprints and grey literature add
complexity because such data are not typically peer-
reviewed or indexed.

How can meta-analyses inform guideline
recommendations?

The 2024 revision of the European Society of Cardiology
(ESC) level of evidence grading system specifies that
level of evidence A ratings (ie, the highest level of
evidence, denoting conclusive evidence) require meta-
analyses providing substantial evidence against play of
chance, alongside consistency, trial quality, and real-
world applicability.” These criteria are specific to the ESC
framework and not universal statistical standards; other
bodies apply different approaches.

Conclusion

Meta-analyses are not definitive truths, but rather
structured efforts to interpret incomplete, evolving, and
sometimes inconsistent evidence. The value of
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meta-analyses comes from addressing clinically relevant
gaps with robust data and methodological rigour. High-
confidence meta-analyses can clarify when individual
trials are insufficient, but many fall short. The decisive
test of a meta-analysis is whether a synthesis
addresses meaningful questions, draws on coherent and
combinable evidence, and produces robust, generalisable
findings. Even high-quality meta-analyses can under-
represent populations by sex, age, or ethnicity, limiting
real-world applicability.

The goal of evidence synthesis is not more incremental
meta-analyses, but more credible ones built on
transparent, prospective planning, use of IPD, and
honest appraisal of uncertainty. Updates to meta-analyses
remain essential as new data emerge, whereas redundant
re-analyses add noise, not insight. As argued by the
Roman philosopher Seneca the Younger, quantity is no
substitute for quality.” Tools such as living reviews,
Bayesian analyses, and structured trust checklists help,
but cannot replace clinical judgement. The first question
must always be: is a meta-analysis warranted at all?
Evidence synthesis is best served by fewer, better
meta-analyses.
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