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ABSTRACT

Small randomized controlled trials (RCTs) in COVID-19 meta-analyses have been associated with more favourable treatment
effects and reduced result stability. This study assessed how trial size impacts effect estimates, statistical stability, and risk of
bias. Following PRISMA guidelines, we identified meta-analyses of COVID-19 treatments included in WHO, NIH, and the
LIVING Project. Trials were classified by log-scale sample size, and separate pooled meta-analyses were conducted for large-
only, small-only, and combined trials. Comparative metrics included the Ratio of Odds Ratios (ROR), Kappa statistics,
Fragility Index (FI), Reverse Fragility Index (RFI), and Cochrane Risk of Bias assessments. Sensitivity analyses applied alter-
native size thresholds (> 1000 participants and median-based cutoffs) and stratified results by treatment and outcome type.
Across 25 meta-analyses including 221 RCTs (46 large, 175 small), small trials produced more extreme estimates in 19 analyses
and wider confidence intervals in 23. The pooled ROR was 0.85 (95% CI: 0.76-0.95; P = 0.004), decreasing to 0.81 (95% CI:
0.68-0.95; P = 0.011) when limited to small trials published before the first large trial. RORs remained below 1 across treatment
and outcome types. Agreement between small and large trials was minimal, while large trials showed substantial agreement
with overall estimates. Stability and bias profiles favoured large trials (FI: 14.0 vs. 4.0; RFI: 10.0 vs. 5.0). In conclusion, small

Abbreviations: CCP, COVID-19 Convalescent Plasma; CI, Confidence Interval; COVID-19, Coronavirus Disease 2019; FDA, Food and Drug Administration; FI, Fragility Index; IL, Interleukin; IQR,
Interquartile Range; JAK, Janus Kinase; NA, Not Applicable; NIH, National Institutes of Health; NS, Not Significant; OR, Odds Ratio; P, P-value; PRISMA, Preferred Reporting Items for Systematic
Reviews and Meta-Analyses; RCT, Randomized Controlled Trial; RFI, Reverse Fragility Index; RoB, Risk of Bias; ROR, Ratio of Odds Ratios; SARS-CoV-2, Severe Acute Respiratory Syndrome
Coronavirus-2.
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RCTs tend to overestimate treatment effects and yield less precise, less stable results. Meta-analyses should prioritise large, high-
quality trials and interpret small-study findings with caution, particularly in rapidly evolving research contexts.

1 | Introduction

The Coronavirus Disease-2019 (COVID-19) pandemic led to an
unprecedented surge in clinical trials investigating a wide range
of treatments, many of which have been synthesised through
meta-analyses to guide clinical practice [1]. As of 2024, meta-
analyses continue to be conducted to refine and update treat-
ment guidelines [2-7]. However, a critical issue in these meta-
analyses is the significant variation in size of the individual
trials included, ranging from small trials with a limited number
of participants to large-scale randomized controlled trials
(RCTs). The pandemic has underscored not only the importance
of well-designed randomized clinical trials but also the necessity
for large-scale trials that are structured according to a pre-
defined and statistically planned protocol [8].

Small-scale trials of hydroxychloroquine, for example, sug-
gested potential benefits, leading to its widespread use despite
insufficient evidence. This rapid adoption resulted in drug
shortages for those who needed it for chronic conditions, and
this was later contradicted by larger trials that found no benefit
and potential harm [9]. Similarly, ivermectin gained attention
from small early studies suggesting potential efficacy [10]. So-
cial media and advocacy groups promoted it as a cure, despite
weak evidence [11]. This led to widespread use in some areas,
even when the Food and Drug Administration (FDA) advised
against its use outside of clinical trials [12]. Larger trials,
including a Cochrane systematic review, later showed no sig-
nificant benefit and reported potential harm [13, 14]. These
examples highlight the risks of prematurely relying on small
trials for critical health decisions without the support of thor-
ough, large-scale research.

Previous research across medical fields [15, 16] has shown that
small trials are more susceptible to publication bias. Studies that
do not show significant differences between treatment arms
may be rejected by journal editors and peer reviewers for being
underpowered while those with significant results are more
likely to be published. This phenomenon, known as ‘small-study
effects’, may lead to unstable meta-analysis results [17]. These
issues are particularly concerning in the context of COVID-19,
where the urgency of treatment development led to the inclu-
sion of smaller, less rigorous trials in meta-analyses, raising
concerns about the reliability of clinical decisions and guide-
lines that heavily rely on these estimates [18]. Despite these
concerns, there has been little exploration into the impact of
study size on outcomes of COVID-19 treatment meta-analyses.

To address this gap, we conducted a comprehensive meta-
epidemiological analysis comparing the results of large and
small RCTs within COVID-19 treatment meta-analyses. We
selected a diverse range of treatments in accordance with the
latest World Health Organisation (WHO) and National In-
stitutes of Health (NIH) guidelines, as well as the LIVING
Project, categorising trials as either large or small. By rean-
alysing these meta-analyses separately for large and small trials,

we assessed whether small-study effects persist even within
RCT-only datasets—focussing on effect size, statistical stability,
and risk of bias—to identify specific limitations of small trials
and inform methodological improvements in future public
health responses.

2 | Methods

This meta-epidemiological study examined the impact of trial
size on treatment effect estimates in COVID-19 meta-analyses.
As the analysis synthesised published meta-analyses rather than
primary studies, prospective registration was not undertaken.
Such registration has limited applicability to meta-
epidemiological research [19-21], particularly in the context of
rapidly evolving COVID-19 evidence. Nevertheless, all meth-
odological criteria were defined a priori and applied consis-
tently. The study was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.

2.1 | Search Strategy and Study Selection

A systematic search of PubMed and the Cochrane Database of
Systematic Reviews was performed on February 6, 2025, to
identify meta-analyses of COVID-19 treatments referenced in
WHO and NIH guidelines, as well as the LIVING Project
[22-24]. For each treatment, we prioritised the most recent
meta-analysis that included the largest number of trials,
particularly those assessing all-cause mortality as a primary or
secondary outcome. Eligible meta-analyses included only RCTs
with non-zero events and a Cochrane Risk of Bias (RoB)
assessment, which was carefully reviewed and supplemented by
all authors.

Treatments were categorised into four groups according to their
primary mechanisms of action in COVID-19 trials. Colchicine
was classified as miscellaneous due to its dual action in
microtubule inhibition and potential antiviral effects [25, 26].
The search terms and superseded studies are outlined in Sup-
porting Information S1: Appendix 1.

1. Anti-infective agents: Remdesivir [27], Molnupiravir [28],
Ivermectin [14], Lopinavir [29], Hydroxychloroquine [29],
Azithromycin [30], Favipiravir [31].

2. Anti-inflammatory and immunomodulatory agents: Cor-
ticosteroids, [32] IL-6 (Interleukin-6) Receptor Blockers
(Tocilizumab, Sarilumab), [33] Janus Kinase (JAK) In-
hibitors [34], Interferon [35], IL-1 Receptor Blockers
(Anakinra, Canakinumab) [36].

3. Anti-Severe Acute Respiratory Syndrome Coronavirus-2
(SARS-CoV-2) monoclonal antibodies (Casirivimab-Imde-
vimab) [37].
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4. Miscellaneous agents: Fluvoxamine [38], Colchicine [39],
COVID-19 Convalescent Plasma (CCP) [40].

2.2 | Trial Size Classification

To avoid misclassification arising from fixed thresholds or
quantile-based approaches [19-21], trial size was defined within
each treatment-specific meta-analysis. Large trials were those
whose base-10 logarithms (rounded down) of treatment, con-
trol, and total sample sizes matched those of the largest trial in
the same meta-analysis. This approach minimised arbitrary
dichotomisation and accounted for skewed size distributions
commonly observed in COVID-19 trials.

In meta-analyses with highly skewed size distributions, empirical
adjustments were made to ensure meaningful separation—for
instance, allowing more trials to be classified as large when a
single exceptionally large study dominated the evidence base
(e.g., CCP) [40], or fewer when trial sizes were relatively homo-
geneous (e.g., fluvoxamine) [38]. All classifications were deter-
mined within individual meta-analyses, agreed upon by all
authors, and applied consistently across all analyses, as detailed in
online Supporting Information S1: Appendix 1. Sensitivity ana-
lyses using traditional cutoffs (total participant cutoff of 1000
participants, median splits) were conducted to test robustness.

2.3 | Meta-Analytic Structure

For each treatment, three random-effects meta-analyses were
conducted using the DerSimonian-Laird model [41]:

1. Large Trials Only: Pooled meta-analysis including only
large trials.

2. Small Trials Only: Pooled meta-analysis including only
small trials.

3. All Trials (Combined): Pooled meta-analysis including all
trials regardless of size.

Effect sizes were reported as odds ratios (ORs), with outcomes
reversed as needed so that ORs < 1 indicated benefit. Between-
trial heterogeneity was assessed using 7, Cochran's Q, and I?
statistics.

2.4 | Primary Outcome: Small-Study Effect

The Ratio of Odds Ratios (ROR) [21, 42]—calculated by dividing
the pooled OR of small trials by that of large trials— was used to
evaluate whether treatment effects estimated from small trials
differed systematically from those derived from large trials. An
ROR less than 1 indicates more favourable effect estimates in
small trials.

We performed an additional analysis by restricting the small
trials to those published on or before the year of the first large
trial. This step was taken to examine whether there was a
diminishing effect in later smaller trials compared to earlier

small trials, consistent with previous research [43-46]. Leave-
one-out sensitivity analysis and subgroup analyses stratified by
treatment class and outcome type were performed.

To quantify the agreement between the results of the large,
small, and combined analyses, we calculated the Kappa statistic
[47] for each set of comparisons. The outcomes of the meta-
analyses were classified as either positive (OR< 1) or negative
(OR> 1). We interpreted Kappa values using Cohen's standard
guidelines [48].

2.5 | Secondary Outcome: Stability and Risk of
Bias

We assessed the stability of trial results using the Fragility Index
(FI) [49, 50] and Reverse Fragility Index (RFI) [51]. The FI
represents the number of event changes required to render a
statistically significant result non-significant, while the RFI
applies to non-significant results and indicates how many event
changes would be needed to achieve significance. Higher values
in both indicate greater result stability. Given the absence of a
standardized framework for applying FI/RFI at the meta-
analytic level, these metrics were calculated for individual tri-
als and used to compare overall stability patterns between large
and small trials. Group-level differences were assessed using the
Mann-Whitney U test.

RoB assessments from the selected meta-analyses were carefully
reviewed by authors and corrected or supplemented as needed
according to the original Cochrane RoB 1.0 or 2.0 tool, as
detailed in Supporting Information S1: Appendix 1. Results
were aggregated by tool version and trial size, and trend
p-values from Wilcoxon rank-sum tests were used to compare
the proportion of high-risk domains between large and small
trials within each RoB tool.

2.6 | Statistical Analyses

All statistical analyses were conducted using R package, version
4.4.1. Data analysis was conducted from February to May 2025.
The threshold for significance was set at a 2-tailed p-value below
0.05 and descriptive data were expressed as either “Median
(interquartile range [IQR])” or “No. (%)”.

3 | Results
3.1 | Treatment and Study Selection

The database search identified 1869 records (1419 from PubMed
and 450 from Cochrane). After removing duplicates (n = 3) and
retracted publications (n = 3), 1344 articles were excluded at the
title level and 33 at the abstract level. Of 486 articles assessed in
full text, 471 were excluded because they were superseded
(n = 291), included non-RCTs (n = 83), lacked quantitative
analyses (n = 62), provided integrated analyses without inter-
vention stratification (n = 28), or were based on a single RCT
(n = 7). Ultimately, 15 articles met eligibility criteria,
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contributing 25 meta-analyses. The PRISMA flow diagram and
checklist are shown in Figure 1 and Supporting Information S1:
Appendix 2.

3.2 | Characteristics of Collected RCTs

The 25 meta-analyses encompassed 221 RCTs evaluating four
outcomes: all-cause mortality (21 meta-analyses, 204 trials),
progression to clinical symptoms (2 meta-analyses, 4 trials),

need for mechanical ventilation (1 meta-analysis, 5 trials), and
clinical improvement (1 meta-analysis, 8 trials). 46 trials were
classified as large [median study size: 1374 (IQR:
523.50-4057.25)], with five of these trials showing statistically
significant results. In contrast, 175 trials were classified as small
[median study size: 126 (IQR: 61.0-292.5)], with 15 showing
statistically significant results. 112 small trials were published
before or up to the year of the first large trial. Individual study
characteristics such as range of participants and p-value are
provided in Supporting Information S1: Table 1.

Electronic database search (n = 1,869)
(PubMed = 1,419 / Cochrane = 450)

IS |

3 articles retracted |

—|

3 articles duplicated |

v

1,863 articles reviewed by title screening

-

1,344 articles excluded

v

519 articles reviewed by abstract screening

—

33 articles excluded

v

486 articles reviewed by full text screening

« Another eligible meta-analysis chosen (n =291)

« Meta-analysis partially based on non-RCT (n = 83)

« Did not mainly provide quantitative analyses (n = 62)

« Provided integrated analyses without the
classification of intervention (n = 28)

« Analysis only based on a single RCT (n=7)

471 articles excluded

v

15 eligible articles included

FIGURE1 | PRISMA flow diagram. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; RCT, Randomized Controlled

Trial.

40f 14

Reviews in Medical Virology, 2026

8518017 SUOWWOD BAIEa.D 3(gedldde ayy Aq peusenob ae sajolie VO ‘88N JO S9INJ 10j A%eiqiT8UlIUQ AB|IM UO (SUOHIPUOD-PUR-SUR)ALIO" A3 1M ARIq U1 |UO//STIY) SUOIPUOD Pue SWwe 1 8y 88S *[9202/80/y2] Uo Akeidiauluo A(IMm ‘Ariqi] poIN AVSIeAuN BSUO A AQ GZTOZ AUL/Z00T OT/I0p/u0o" A3 (1M Aeiq Ul |uo//sdny Wwolj pepeoumod ‘Z ‘9202 ‘¥S9T660T



3.3 | Investigation of Small-Study Effects

As shown in Table 1 and Figure 2, small trials yielded more
extreme effect estimates in 19 of 25 meta-analyses and had
wider 95% confidence intervals than large trials in 23 of 25,
indicating less precision and greater variability. The pooled ROR
was 0.85 (95% CIL: 0.76-0.95; P = 0.004), demonstrating a sta-
tistically significant association between smaller trial size and
more favourable treatment effect estimates compared with large
trials, as shown in Figure 3A. Supporting Information S1: Figure
1 presents the forest plots of small-only, large-only, and com-
bined ORs for each meta-analysis.

Agreement between large and small trials was minimal
(x = —0.02; P = 0.918), as was agreement between small trials
and pooled estimates (x = 0.12; P = 0.538). In contrast, agree-
ment between large trials and pooled estimates was substantial
and statistically significant (x = 0.62; P = 0.001). Using a stricter
definition of positivity (OR < 1 with statistical significance)
yielded similar results, with low agreement for large versus
small trials (x = 0.12, P = 0.539) and small versus pooled esti-
mates (x = 0.27, P = 0.169), and persistent moderate agreement
between large trials and pooled estimates (x = 0.48, P = 0.016).

Limiting small studies to those published before or up to the
first large trial decreased the pooled ROR to 0.81 (95% CI:
0.68-0.95; P = 0.011), as shown in Figure 3B. Direct comparison
of pre- and post-large trial estimates showed that 19 of 23 meta-
analyses favoured more pronounced effects before large trials
emerged, supported by a pooled ROR of 0.79 (95% CI: 0.68-0.93;
P = 0.005) (Supporting Information S1: Figure 2). Two meta-
analyses (favipiravir and canakinumab for all-cause mortality)
were excluded from this comparison because all small trials
were published after the first large trial.

3.4 | Subgroup and Sensitivity Analyses

In all treatment groups, the pooled ROR remained below 1,
indicating a consistent pattern of smaller trials showing more
favourable treatment effects. Specifically, the pooled ROR was
0.93 (95% CI: 0.82-1.07; P = 0.329) for anti-infective agents, 0.97
(95% CI: 0.88-1.07; P = 0.535) for anti-inflammatory and
immunomodulatory agents, 0.49 (95% CI: 0.25-0.96; P = 0.037)
for anti-SARS-CoV-2 monoclonal antibodies, and 0.78 (95% CI:
0.67-0.90; P < 0.001) for miscellaneous agents. Subgroup ana-
lyses by outcome type showed that the pooled ROR for all-cause
mortality was 0.90 (95% CI: 0.83-0.97; P = 0.004), indicating
significantly more favourable effects in small trials. For 4 meta-
analyses with non-mortality outcomes, the pooled ROR was 0.48
(95% CI: 0.18-1.28; P = 0.143), suggesting a similar trend,
although not statistically significant due to limited data.

Leave-one-out analyses yielded stable pooled RORs ranging
from 0.83 to 0.89. The heterogeneity investigation showed that
excluding 6 meta-analyses with only one large and one small
trial reduced heterogeneity to I* = 0.0, while the pooled ROR
remained significant and consistent (0.89; 95% CI: 0.83-0.96;
P =0.001), as detailed in Supporting Information S1: Appendix
3. Alternative trial size cutoffs, including a fixed threshold of
1000 participants and a median split, as well as alternative

random-effects estimators, yielded similar pooled ROR esti-
mates (Supporting Information S1: Appendix 4).

3.5 | Comparisons of Stability and Bias Between
Large and Small Trials

Among meta-analyses with statistically significant results, large
trials exhibited higher stability than small trials, with median FI
values of 14.0 (IQR: 12.5-19.0) versus 4.0 (IQR: 2.5-5.3),
respectively (P = 0.018). Similarly, among non-significant re-
sults, large trials showed higher median RFI values than small
trials [10.0 (IQR, 6.5-26.0) versus 5.0 (IQR, 2.0-6.3); P < 0.001],
as shown in Figure 4A.

Of the included meta-analyses, 10 used the Cochrane RoB 1.0
tool and 15 used RoB 2.0. Given the limited number of large
trials assessed with RoB 1.0, comparative analyses focused on
RoB 2.0. Large trials consistently demonstrated a higher pro-
portion of low-risk assessments and fewer high-risk domains
than small trials, with significant differences observed for
missing outcome data (P = 0.031) and outcome measurement
(P = 0.048), as illustrated in Figure 4B. Summary data are
provided in Supporting Information S1: Table 2, with full trial-
level assessments in Supporting Information S1: Table 3. Results
were consistent across alternative trial size definitions (Sup-
porting Information S1: appendix 4, Supporting Information S1:
Figure 3).

4 | Discussion
41 | Summary

In this meta-epidemiological study of COVID-19 treatment
meta-analyses, small trials consistently produced more favour-
able and less precise effect estimates than large trials. Small
trials showed wider confidence intervals in most comparisons
and more extreme effect estimates in nearly three-quarters of
meta-analyses. These differences translated into a pooled ROR
of 0.85, indicating systematic overestimation of treatment effects
in smaller trials. The finding remained robust across extensive
sensitivity analyses, alternative size thresholds, and subgroup
stratifications by treatment class and outcome type.

When restricted to small trials published before the first large
trial, the pooled ROR decreased to 0.81, indicating greater
overestimation of treatment effects in early evidence. Agree-
ment analyses demonstrated minimal concordance between
small and large trials, whereas pooled estimates aligned sub-
stantially with large trials. Complementary stability metrics
showed that large trials were markedly more robust, with higher
FI and RFTI values, and RoB assessments revealed greater sus-
ceptibility to bias among small trials, particularly related to
missing outcome data and outcome measurement.

4.2 | Significance of This Study

Although small-study effects have been well documented in
other areas of medicine, their role within COVID-19 treatment
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FIGURE 2 | Scatter plot of effect size comparisons between large and small trials. Each point represents a meta-analysis, comparing the effect size

from large trials (x-axis) and small trials (y-axis). Points are coloured by treatment group: anti-infective agents (blue), anti-inflammatory and

immunomodulatory agents (red), anti-SARS-CoV-2 monoclonal antibodies (green), and miscellaneous agents (cyan). The dotted diagonal line

represents equal effect estimates from large and small trials. Points above the line indicate a greater benefit in large trials, while points below the

line indicate a greater benefit in small trials. The marginal density plots illustrate the distribution of effect sizes by trial size and treatment group.

Exp, Exponential.

meta-analyses has not been systematically examined. While
prior meta-epidemiological studies in the COVID-19 literature
have primarily focused on methodological quality or publication
venue [52, 53], none have directly quantified small-study bias
across treatment domains. This study extends established
frameworks to the COVID-19 setting and demonstrates that
small-study effects persist even within RCT-only datasets.

Notably, conventional funnel-plot-based methods detected
asymmetry in only two cases, consistent with prior reports of
limited sensitivity in heterogeneous and rapidly evolving evi-
dence bases [54]. In contrast, the ROR approach revealed an
approximately 15% overestimation attributable to small trials,
likely reflecting the proliferation of underpowered trials early in
the pandemic. Importantly, this magnitude is comparable to the
mortality reduction later confirmed for corticosteroids in large
trials [55], illustrating how small-study bias alone can mimic the
apparent effect size of an effective therapy. However, as our pre-

versus post-large analysis confirms, the prompt arrival of large,
well-conducted platform trials attenuated this bias over time,
preventing it from reaching historical extremes [56].

FI, RFI, and structured RoB assessments, further reinforce the
conclusion that larger trials confer greater evidentiary stability.
Notably, smaller trials showed higher risk of missing data and
outcome misclassification, likely reflecting limited follow-up
infrastructure, with implications for internal validity and
meta-analytic accuracy [57, 58]. However, given that these
metrics are restricted to binary outcomes and no standardized
meta-analytic framework currently exists, they should be
regarded as complementary measures of robustness rather than
replacements for effect estimates and confidence intervals.

Despite these concerns, small trials remain indispensable in
early outbreak phases due to their feasibility, speed, and lower
resource requirements [59, 60]. The objective should not be
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A
Treatment Outcome ROR (95% CI) P-value Weight (%)
Anti-infective Agents
Remdesivir Mortality »—CH 0.88 (0.67—1.16) 0.363 6.4%
Molnupiravir Mortality 0.59(0.05 - 6.88) 0.670 0.2%
Ivermectin Mortality — 0.64 (0.18 -2.33) 0.499 0.7 %
Lopinavir Mortality —O— 0.89(0.58-1.37) 0.597 4.1%
Hydroxychloroquine Mortality FCH 0.88 (0.70 - 1.10) 0.264 72%
Azithromycin Mortality 2 F(:)" 1.09 (0.84 — 1.40) 0.513 6.8 %
Mortality b 0.94 (0.09 - 10.01) 0.958 0.2%
Favipiravir Mortality 1.62(0.31-8.58) 0.568 0.5%
Anti-infl y and T y Agents
Corticosteroids Mortality 1.02 (0.87 - 1.20) 0.791 8.5%
IL-6 Receptor Blockers Mortality cd g 0.98 (0.82-1.19) 0.866 8.0%
Mortality & ¢ 0.98 (0.75-1.29) 0.899 6.4%
Clinical Improvement B O 0.86 (0.68 —1.07) 0.178 72%
JAK Inhibitors Mortality —=O— 1.05 (0.69 — 1.59) 0.837 43%
Interferon Mortality —@— 0.54 (0.30 - 0.96) 0.036 2.8%
IL-1 Receptor Blockers Mortality & 00— 2.32(0.98-5.52) 0.056 1.5%
Mortality h 0.98 (0.21 - 4.61) 0.980 0.5%
Mechanical Ventilation Risk i 1.02 (0.26 —4.07) 0.975 0.6 %

Monoclonal Antibodies

Monoclonal Antibodies Mortality i —@— 0.55(0.32-0.94) 0.030 3.1%
Monalityj O 0.74 (0.41 - 1.33) 0.311 2.7%
Mortality ¥ ® 0.84(0.73 - 0.97) 0.017 8.7%
Progression of clinical symptoms i <o— 0.13 (0.06 - 0.26) 0.000 2.1%
Progression of clinical symptoms k — 0.56 (0.18 - 1.79) 0.328 0.9 %
Miscellaneous Agents
Fluvoxamine Mortality ! O 0.80(0.35-1.82) 0.587 1.6 %
Colchicine Mortality >—'—| 0.77 (0.60 — 0.98) 0.034 6.9%
Convalescent Plasma Mortality *‘* 0.79 (0.65-0.95) 0.013 79 %
Random Effects Model
Heterogeneity: I = 55%, 1 = 0.034, P < 0.001 [ ] 0.85(0.76 — 0.95) 0.004 100.0 %
Test for overall effect: Z = 2.843, P = 0.004 0.1 02 0.5 2 34 10
ROR (95% CI)
More bel:eﬁts in small trials More benefits in l;rge trials

FIGURE 3 | Forest plot of pooled meta-analysis of ROR (A) Between large and small trials (B) Between large and small trials preceding the large
trials. The blue square shows the pooled ROR, while white and black dots represent individual meta-analyses’ ROR, with black dots indicating
significance. The arrow indicates when the effect size interval exceeds the range of 0.1-10. CI, Confidence Interval; IL, Interleukin; JAK, Janus
Kinase; ROR, Ratio of Odds Ratio. Footnotes: * Severe patients, ® Non-severe patients, © Tocilizumab, ¢ All-cause mortality at day 28, © All-cause
mortality at day 60, f Sarilumab, & Anakinra, h Canakinumab, | Seronegative baseline patients,j Seropositive baseline patients, X Overall baseline
patients, ! Inpatients.
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B)
Treatment Outcome ROR (95% CI) P-value ‘Weight (%)
Anti-infective Agents
Remdesivir Mortality ’—O—( 0.87 (0.60 — 1.27) 0.479 6.0 %
Molnupiravir Mortality 0.59 (0.05-6.88) 0.670 0.4%
Ivermectin Mortality | e e 0.64 (0.18 - 2.33) 0.499 1.4 %
Lopinavir Mortality —O— 0.78 (0.46 — 1.32) 0.355 4.7 %
Hydroxychloroquine Mortality —CR—< 0.99 (0.72 - 1.37) 0.964 6.6%
Azithromycin Mortality a FO* 1.09 (0.84 — 1.40) 0.513 72%
Mortality b 0.50 (0.02 - 14.46) 0.684 0.2%
Anti-inf y and I 'y Agents
Corticosteroids Mortality O 1.02 (0.87 - 1.20) 0.791 8.0%
IL-6 Receptor Blockers Mortality c.d 64 0.95(0.78 - 1.15) 0.593 7.7 %
Mortality & ¢ j‘ 0.92 (0.64 - 1.32) 0.660 6.1%
Clinical Improvement f ‘ 0.86 (0.68 —1.07) 0.178 7.4 %
JAK Inhibitors Mortality >—O—< 1.01(0.63 - 1.62) 0.966 51%
Interferon Mortality & —@— 0.54 (0.30-0.96) 0.356 43 %
IL-1 Receptor Blockers Mortality & H—=CO—— 2.03 (0.84 — 4.90) 0.115 2.5%
Mechanical Ventilation Risk 1.15(0.21 - 6.27) 0.871 0.9%
Monoclonal Antibodies
Monoclonal Antibodies Mortality i —@— 0.55(0.32-0.94) 0.030 4.5%
Mortality § —QOT— 0.74(0.41 - 1.33) 0.311 42%
Mortality ke [ ] 0.84(0.73-0.97) 0.017 8.1%
Progression of clinical symptoms i <@— 0.13 (0.06 - 0.26) 0.000 3.4%
Progression of clinical symptoms k O 7 0.56 (0.18-1.79) 0.328 L7%
Miscellaneous Agents
Fluvoxamine Mortality | 0.13 (0.01 - 2.36) 0.167 03%
Colchicine Mortality F.'i 0.85(0.70 - 1.04) 0.108 7.7%
Convalescent Plasma Mortality e 0.46 (0.14 - 1.50) 0.198 1.6 %
Random Effects Model
Heterogeneity: I* = 57%, 1 = 0.084, P < 0.001 [ 0.81(0.68 - 0.95) 0.011 100.0 %
Test for overall effect: Z=2.535,P =0.011 0.1 0.2 0.5 2 34 10
ROR (95% CI)

More benefits in small trials

FIGURE 3 | (Continued)

exclusion, but rather the integration of such trials into meta-
analyses through standardized methodological safeguards.
Random-effects models address heterogeneity by weighting
more precise studies, while advanced approaches may further
mitigate bias, each with inherent limitations [61]. The trim-and-
fill method [62] assumes distributional symmetry; the Copas
selection model [63] is highly sensitive to model assumptions;
regression-based approaches [64] may oversimplify causal
pathways; and trial sequential analysis [65] focuses on individ-
ual trial conclusiveness rather than systematic trends. Accord-
ingly, our findings inform evidence synthesis and guideline
development focused on evidentiary certainty, rather than pre-
scribing sample-size targets for individual trials.

More benefits in large trials

Furthermore, restricting the analysis to smaller trials published
before the publication of large trial showed a more pronounced
small-study effect. This finding aligns with recent research [66]
comparing mega trials to earlier-published smaller trials, raising
a concern that smaller trials conducted after a large trial may
adjust methodologies and reporting to align with the large trial's
standards. Early large trials, such as the WHO Solidarity Trial
[67]. therefore play a critical role in guiding subsequent research
and preventing cycles of premature adoption and regulatory
reversal, as seen with hydroxychloroquine. These dynamics are
further amplified by social media, where fragile early findings
can rapidly lead to inappropriate resource use and adverse pa-
tient outcomes [68, 69].
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FIGURE 4 | Stability and bias profiles of large and small trials (A) Distributions of FI and RFI in large and small trials. (B) Distribution of RoB 2.0
Assessments in large and small trials. FI, Fragility Index; NS, Not Significant; RFI, Reverse Fragility Index. Footnotes: * Bias arising from the
randomisation process, b Bias due to deviations from intended intervention, ¢ Bias due to missing outcome data, 4 Bias in measurement of the

outcome, ¢ Bias in selection of the reported result.

4.3 | Limitations

This study has several limitations. First, our trial size classi-
fication relied on a flexible, within-meta-analysis log-scale
approach that required case-specific decisions, which may
limit reproducibility, even though sensitivity analyses using
alternative cutoffs yielded consistent results. Second, subgroup
and sensitivity analyses were exploratory and should be
interpreted cautiously given the limited number of meta-
analyses and potential multiplicity. Third, we prioritised the
most comprehensive meta-analysis per treatment to ensure

analytic independence. While this avoided redundancy, it
narrowed the evidence base and may have introduced selec-
tion bias. Additionally, the absence of prospective registration
may limit transparency, although all analyses were predefined
and systematically applied. Finally, restriction to RCTs
enhanced internal validity but limited generalisability and
power for certain treatments and outcomes with few large
trials. Future work should employ more objective classification
criteria, incorporate high-quality observational studies, and
expand the scope of treatments and outcomes to improve
generalisability.
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5 | Conclusion

In conclusion, this study underscores the importance to priori-
tise large, high-quality trials in meta-analyses to ensure the
accurate, reliable conclusions for clinical practice and public
health policy. By addressing small-study effects, it offers a
crucial framework to strengthen future meta-research. While
large trials should be given priority, small trials still provide
valuable early insights and require fewer resources. Their in-
clusion in meta-analyses should be carefully managed with
advanced statistical methods and standardized protocols to
minimise bias and enhance overall reliability.

Supporting Information S1: files include detailed classification
criteria, sensitivity analyses, and additional stability and risk-of-
bias assessments. Supporting Information S1: figures and tables
provide extended results supporting the main findings.
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