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Effectiveness and safety of intravenous lipid emulsion in 
women with recurrent pregnancy loss or recurrent 
implantation failure: a systematic review and meta-analysis
Jungeun Park1, Jinyoung Chang1, Haine Lee1, Bo Hyon Yun2, Dong Ah Park1

1National Evidence-based Healthcare Collaborating Agency (NECA), Seoul, Korea
2Department of Obstetrics and Gynecology, Severance Hospital, Yonsei University College of Medicine, Seoul, Korea

Intralipid, an intravenous lipid emulsion, is widely used for women with recurrent pregnancy loss (RPL) or recurrent implantation failure 
(RIF), despite limited evidence. This systematic review evaluated the effectiveness and safety of intralipid in this population. We 
searched seven electronic databases from inception to April 14, 2025. Randomized controlled trials (RCTs) and non-randomized com-
parative studies (NRCSs) were included for effectiveness analysis; case series and reports for safety. Two reviewers independently 
screened and extracted data. Risk of bias was assessed using RoB 2.0 and RoBANS 2.0. Meta-analyses used a random-effects model 
(risk ratios [RR] with 95% confidence intervals [CI]). Evidence certainty was assessed using the Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) approach. Seventeen studies were included (8 effectiveness, 11 safety). Pooled RCT data 
showed intralipid significantly improved clinical pregnancy rate vs. no treatment (RR 2.31, 95% CI 1.42–3.74; I² = 0%; GRADE certain-
ty: low); this effect was not observed in the pooled NRCS data for live birth rate or clinical pregnancy rate, and one large NRCS reported 
a significantly higher miscarriage rate in the intralipid group (RR 1.12, 95% CI 1.04–1.20). No significant differences were observed vs. 
intravenous immunoglobulin (IVIG) or steroids. Serious adverse events were rare. GRADE certainty was very low to low across all out-
comes. Current evidence does not support the routine use of intralipid in women with RPL or RIF. While pooled RCT data suggest a po-
tential benefit in clinical pregnancy rate, evidence certainty is low, and this benefit was not observed in the pooled NRCS data. Ade-
quately powered RCTs with standardized protocols and live birth rate as the primary endpoint are needed.
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Introduction

Infertility is a major and growing reproductive health con-

cern worldwide. In South Korea, where advanced maternal 

age and ultra-low birth rates are increasingly prevalent, infer-

tility carries particular public health significance. According 

to data from the Health Insurance Review and Assessment 

Service (HIRA), the number of patients diagnosed with infer-

tility in South Korea reached approximately 289,000 in 2024, 

representing a 1.3-fold increase from 228,000 in 2020 [1]. 

The number of individuals undergoing assisted reproductive 

technology (ART) procedures similarly increased 1.2-fold, 

from 130,000 in 2020 to 161,000 in 2024. Repeated ART failure 

imposes substantial psychological and financial burdens on 
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affected women and their families, prompting exploration of 

alternative treatment strategies.

Immunological factors have been implicated in implanta-

tion failure and pregnancy loss, and various immunomodu-

latory therapies have been introduced into clinical practice. 

Among these, Intralipid, an intravenous lipid emulsion origi-

nally approved for total parenteral nutrition (TPN) and holds 

no regulatory indication for infertility treatment or immuno-

modulation. Nevertheless, several basic and observational 

studies have reported that intralipid may inhibit natural killer 

(NK) cell cytotoxicity [2,3], reduce Th1/Th2 immune activa-

tion [4,5], and improve the implantation environment. How-

ever, most of these studies were limited by small sample siz-

es, lack of prospective controls, and inconsistent diagnostic 

criteria. High-quality evidence confirming the effectiveness 

of intralipid in infertile patients remains insufficient.

Kumar et al. noted that intralipid may be considered in cer-

tain immunological high-risk groups but is not supported by 

sufficient evidence to be recommended as standard care for 

women with recurrent implantation failure (RIF) or recurrent 

pregnancy loss (RPL) [6]. The Human Fertilisation and Em-

bryology Authority (HFEA) classifies intralipid and other im-

munomodulatory treatments as treatments with "insufficient 

evidence and potential harm" and does not recommend 

their use for fertility treatment [7]. Despite concerns raised by 

international regulatory and professional bodies regarding 

the limited evidence base for intralipid in fertility treatment, 

intralipid infusions are widely administered in South Korea 

in a non-reimbursed setting, including repeated infusions 

justified solely by marginal elevations in NK cell activity, 

raising concerns about the clinical expansion of insufficiently 

evidenced therapies.

This systematic review was conducted to generate evidence 

on the clinical effectiveness and safety of intralipid infusion 

in women with RPL, RIF and repeated IVF failure, with the 

aim of supporting appropriate and rational use of intralipid 

in infertility treatment.

Methods

This systematic review and meta-analysis was prospectively 

registered in PROSPERO (CRD420251039275). The review 

followed the Preferred Reporting Items for Systematic Re-

views and Meta-Analyses (PRISMA) 2020 guidelines [8].

Eligibility criteria
Eligible studies were those enrolling women with RPL or RIF 

(including studies defining RIF as two or more failed IVF cy-

cles) as the target population, investigating intralipid infusion 

as the intervention for pregnancy purposes, and comparing 

outcomes with placebo, no treatment, or other immunomod-

ulatory treatments (including IVIG or steroids). For the pur-

poses of this review, repeated IVF failure was considered to 

overlap clinically with RPL and RIF and was therefore includ-

ed within the eligible population. Eligible study designs for 

effectiveness analysis included randomized controlled trials 

(RCTs) and non-randomized comparative studies (NRCSs) 

(cohort and case–control studies) with at least 10 participants 

per arm. Studies reporting only safety outcomes (case series 

and case reports) were also included in the safety analysis. 

Exclusion criteria included animal studies, pre-clinical stud-

ies, non-original research (systematic reviews, narrative re-

views, guidelines, editorials, opinions), grey literature, theses, 

and retracted publications. Conference abstracts were ex-

cluded from the effectiveness analysis because of insufficient 

methodological and outcome information but were eligible 

for the safety analysis when they provided identifiable ad-

verse-event data.

Outcomes
The primary outcomes were live birth rate and clinical preg-

nancy rate. Clinical pregnancy was defined as the presence 

of a gestational sac with fetal cardiac activity confirmed by 

ultrasonography; where studies used alternative definitions, 

reported values were extracted as documented and noted ac-

cordingly. The secondary outcome was miscarriage rate, de-

fined as pregnancy loss prior to 20 weeks of gestation. Safety 

outcomes included maternal adverse reactions, obstetric 

complications, and neonatal outcomes such as congenital 

anomalies.

Literature search
We searched five major international electronic databases—

Ovid-MEDLINE, Ovid-EMBASE, Cochrane Central Register 

of Controlled Trials (CENTRAL), Web of Science, and Sco-

pus—as well as two Korean databases, KoreaMed and KM-

base. There were no restrictions on publication year, and the 

final search date was April 14, 2025. Search strategies com-

bined Medical Subject Headings (MeSH) terms and free-text 

terms related to infertility, ART, and intralipid, covering the 

population (P) and intervention (I) components. Detailed 

search strategies are provided in the Supplementary Methods 

S1.

Study selection and data extraction
Two reviewers independently screened titles and abstracts, 

then full texts, according to the predefined eligibility criteria. 

Disagreements were resolved by discussion with a third re-
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viewer. Data extraction covered study characteristics (coun-

try, year, design, participating institutions, study period), par-

ticipant characteristics (inclusion/exclusion criteria, number 

of participants, age, clinical group), intervention character-

istics (intralipid formulation, dose, timing, frequency, con-

current treatments, prior NK cell testing), and outcome data 

(outcome measure, measurement method, reported values, 

summary statistics, timing of assessment). For studies re-

porting both cycle-level and woman-level data, woman-level 

data were preferentially extracted for the intralipid versus 

no-treatment comparison to minimize unit-of-analysis con-

cerns arising from non-independent repeated cycles. For 

example, although Mrosk et al. reported most outcomes at 

the treatment-cycle level, the intralipid versus no-treatment 

comparison was based on a woman-level subgroup (patients 

with elevated uterine natural killer cell counts) and was ex-

tracted accordingly.

Risk of bias assessment
Risk of bias was assessed independently by two reviewers, 

with discrepancies resolved by a third reviewer. RCTs were 

assessed using the Cochrane Risk of Bias 2.0 (RoB 2.0) tool 

across five domains. NRCSs were assessed using the RoBANS 

ver 2.0 tool. Risk of bias assessment was not performed for 

case series and case reports included for safety analyses only.

Data synthesis and statistical analysis
When data could be pooled quantitatively, meta-analysis was 

performed; otherwise, a qualitative synthesis was conduct-

ed. Given anticipated clinical heterogeneity across studies, a 

random-effects model was applied throughout. For dichot-

omous outcomes, the Mantel-Haenszel method was used to 

calculate RR and 95% CI. For continuous outcomes, weighted 

mean difference (WMD) or standardized mean difference 

(SMD) with 95% CI was used depending on whether out-

comes were measured on the same or different scales. Het-

erogeneity was assessed visually using forest plots and statis-

tically using Cochrane’s Q statistic (P < 0.10) and I² statistics 

(≥ 50%) [9]. Subgroup analyses were prespecified by patient 

group (RIF or RPL), sample size, and intervention dose. 

Sensitivity analyses were conducted according to patient 

group (RIF only), NK cell testing status, risk of bias level, and 

whether adjusted estimates were reported. All meta-analyses 

were performed using RevMan 5.4. Statistical significance 

was set at P < 0.05. Funnel plots and Egger's test for small-

study effects were planned to assess reporting bias when at 

least 10 studies were available for a given meta-analysis. As 

no synthesis included 10 or more studies, these assessments 

were not performed.

Certainty of evidence
The certainty of evidence was assessed for direct intervention 

effect outcomes using the GRADE approach [10], considering 

risk of bias, inconsistency, indirectness, imprecision, and 

publication bias.

Results

Literature search and study selection
A total of 3,733 records were identified through searches of 

seven electronic databases. After removal of 1,398 dupli-

cates, 2,335 records underwent title and abstract screening, 

of which 2,246 were excluded. The remaining 89 reports 

were retrieved for full-text assessment, and 17 studies were 

ultimately included: 8 for effectiveness analysis (3 RCTs, 5 

NRCSs) and 11 for safety analysis (4 RCTs, 2 NRCSs, 4 case 

series, 1 case report). The study selection process is shown in 

the PRISMA flow diagram (Fig. 1), and reasons for exclusion 

of full-text–reviewed studies are presented in Supplementary 

Table S1.

Characteristics of included studies for effectiveness 
analysis
The three RCTs for effectiveness analysis were published in 

2016 and 2022, conducted in Russia, Iran, and China [11-

13], and enrolled women with RIF (2 studies) or women un-

dergoing IVF (1 study). Two RCTs compared intralipid with 

no treatment/placebo [12,13], and one compared intralipid 

with IVIG [11]. The five NRCSs [14-18] were all retrospective 

cohort studies, published between 2018 and 2024, and con-

ducted in the United Kingdom (n = 1), France (n = 2), Germa-

ny (n = 1), and the United States (n = 1). Target populations 

included RIF (2 studies), a mix of RIF and RPL or IVF recipi-

ents (3 studies). Comparators were no treatment [15,17,18], 

prednisolone [14], and both no treatment and steroids [16].

Across studies, 20% intralipid was used in most studies. Dos-

es ranged from 100 to 250 mL per infusion. The number of 

infusions ranged from 1 to 5, with varying timing relative to 

embryo transfer. Characteristics of included studies and de-

tails of intervention are summarized in Table 1.

Risk of bias assessment
All three RCTs reported adequate randomization but failed to 

report allocation concealment, resulting in “some concerns” 

in the randomization process domain. Patient blinding was 

absent or unclear, and deviation from intended intervention 

was rated as “some concerns” across all three. One RCT [11] 

was rated “high risk” overall due to 40% loss to follow-up for 

live birth outcomes. The remaining two RCTs [12,13] were 
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rated “some concerns” overall (Supplementary Figure S1).

The five NRSs were assessed using the RoBANS ver 2.0 

tool across eight domains. The main sources of bias were 

comparability of groups, selection of study participants, and 

confounding variables. Martini et al. was rated "high risk" in 

both the comparability and confounding domains, as it used 

a historical RCT control group with differing eligibility crite-

ria and baseline characteristics, and applied only unadjusted 

statistical tests without controlling for confounders [14]. Most 

remaining studies were rated "unclear" for participant selec-

tion due to their retrospective designs, in which outcomes 

were already known at enrollment. Blinding of outcome as-

sessors and selective outcome reporting were rated "low risk" 

across all studies, as pregnancy outcomes are objectively as-

certained and primary outcomes were consistently reported 

(Supplementary Figure S2).

Effectiveness: intralipid versus no treatment
No RCT reported live birth rate. Among three NRCSs (n = 

21,320), there was no statistically significant difference in live 

birth rate between intralipid and no-treatment groups (RR 

2.10, 95% CI 0.89–4.96; I² = 63%) (Fig. 2).

Two RCTs showed a statistically significant improvement 

in clinical pregnancy rate in the intralipid group compared 

with no treatment (RR 2.31, 95% CI 1.42–3.74; I² = 0%) (Fig. 

3). In contrast, pooled results from four NRCSs did not show 

a statistically significant difference in clinical pregnancy rate 

(RR 1.84, 95% CI 0.95–3.59; I² = 57%) (Fig. 4). One NRCS [15] 

reported a statistically significant increase in miscarriage rate 

in the intralipid group (n = 20,315; RR 1.12, 95% CI 1.04–1.20). 

These results are summarized in Table 2.

In RCT-based subgroup analyses by patient group, the sin-

gle study enrolling a mixed RIF and repeated IVF failure pop-

ulation showed a significantly higher clinical pregnancy rate 

(RR 2.15, 95% CI 1.25–3.70) [13]. In NRCS-based subgroup 

analyses, pooled results from two studies enrolling mixed 

RIF/RPL populations also showed a significantly higher live 

birth rate (RR 3.60, 95% CI 1.51–8.57; I² = 0%). Prespecified 

Fig. 1. PRISMA flow diagram of study selection.
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subgroup analyses by sample size and intralipid dose could 

not be performed due to an insufficient number of studies 

within each category or inconsistent reporting of dose infor-

mation across studies (Supplementary Table S2).

Sensitivity analyses
Among RCTs restricted to RIF women, clinical pregnancy 

rate remained significantly higher in the intralipid group (1 

RCT; RR 3.00, 95% CI 1.06–8.52). Among NRCSs restricted to 

RIF women, live birth rate was significantly higher (1 NRCS; 

RR 1.32, 95% CI 1.24–1.41), and miscarriage rate was also 

significantly higher (1 NRCS; RR 1.12, 95% CI 1.04–1.20), 

while clinical pregnancy rate was not significant (2 NRCSs; 

RR 1.29, 95% CI 0.64–2.61; I² = 81%). Among NRCSs using NK 

cell testing as a patient selection criterion [15,18], neither live 

birth rate (RR 1.79, 95% CI 0.49–6.47; I² = 35%) nor clinical 

pregnancy rate (RR 1.53, 95% CI 0.64–3.65; I² = 33%) showed 

significant differences. In the single NRCS rated as low risk 

of bias [16], clinical pregnancy rate showed a large and sig-

nificant effect (RR 12.22, 95% CI 1.72–86.68). Although the 

adjusted estimate for clinical pregnancy rate from the single 

study reporting adjusted results (Kolanska 2021; adjusted OR 

36.04, 95% CI 2.26–575.18) nominally favored intralipid, the 

confidence interval was extremely wide, rendering this esti-

mate highly imprecise and unreliable. Overall, findings were 

consistent with the main analyses and did not alter their in-

terpretation: effect estimates from single-study analyses were 

imprecise, and the one available adjusted estimate carried 

an extremely wide confidence interval, limiting its reliability 

(Supplementary Table S2).

Effectiveness: intralipid versus IVIG or steroids
When compared with other immunomodulatory treatments, 

intralipid demonstrated no significant advantage over either 

IVIG or steroids. In one RCT [11] (n = 154) comparing intr-

alipid with IVIG, no significant differences were observed in 

Fig. 4. Forest plot of clinical pregnancy rate (intralipid vs. no treatment, NRCS).

Fig. 2. Forest plot of live birth rate (intralipid vs. no treatment, NRCS). 

Fig. 3. Forest plot of clinical pregnancy rate (intralipid vs. no treatment, RCT).
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live birth rate (RR 0.83, 95% CI 0.63–1.10), clinical pregnancy 

rate (RR 1.07, 95% CI 0.96–1.20), or miscarriage rate (RR 0.63, 

95% CI 0.28–1.44). Similarly, pooled analysis of two NRSs (n 

= 185) comparing intralipid with steroid-based treatment 

(prednisolone or steroids) revealed no statistically significant 

differences in live birth rate (Martini et al; RR 0.93, 95% CI 

0.52–1.66) or clinical pregnancy rate (Martini et al and Ko-

lanska et al; RR 0.84, 95% CI 0.57–1.24; I² = 33%) (Supplemen-

tary Table S3).

GRADE certainty of evidence
For the comparison of intralipid versus no treatment, the cer-

tainty of evidence was “low” for clinical pregnancy rate based 

on RCT data (downgraded for risk of bias and imprecision), 

and “very low” for live birth rate (Table 2), clinical pregnancy 

rate from NRCSs, and miscarriage rate. For comparisons with 

IVIG and steroids, all outcomes were rated “very low” due to 

risk of bias and imprecision (Supplementary Table S3).

Safety findings
Safety data were available from 4 RCTs [11,13,19,20], 2 NRCSs 

[21,22], and 5 case studies  [23-27].

Of the RCTs, no adverse events were reported in the intr-

alipid group in three studies [11,13,19]; comparator: no treat-

ment or IVIG), while one study reported congenital external 

ear malformation in two cases receiving intralipid [20]. In the 

control groups, no adverse events were reported except in 

one RCT comparing intralipid with IVIG, in which mild fever 

(n = 5) and headache (n = 2) occurred in the IVIG group [11].

Among the two NRCSs, findings were contrasting. No ad-

verse events were reported in the study comparing intralipid 

with no treatment [21]. In contrast, the study comparing intr-

alipid with low molecular weight heparin (LMWH) reported 

obstetric complications in the intralipid group, including 

pre-eclampsia (n = 1), intrauterine growth restriction (n = 1), 

and placental abruption (n = 1), although none were clas-

sified as serious adverse events; no serious adverse events 

were reported in the LMWH group [22].

Of the five case studies and case series, no adverse events 

were reported in four reports [23,24,26,27]. One report, in-

volving patients with elevated NK cell levels treated with intr-

alipid, described facial flushing with pre-seizure symptoms (n 

= 1) and asymmetric fetal intrauterine growth restriction (n = 

1) [25]. Full details of reported cases are presented in Supple-

mentary Table S4.

Discussion

This systematic review and meta-analysis evaluated the effec-

tiveness and safety of intralipid infusion in women with RIF 

or RPL. Of the two randomized controlled trials comparing 

intralipid with no treatment in women with RIF or RPL, nei-

ther reported data on miscarriage rate. Nevertheless, pooled 

data from these two trials demonstrated a significantly higher 

clinical pregnancy rate in the intralipid group compared with 

the no-treatment group (RR 2.31, 95% CI 1.42–3.74; GRADE 

certainty: low); however, this effect was not observed in the 

pooled NRCS data. One large observational study addition-

ally reported a significantly increased miscarriage rate in the 

intralipid group. When compared with other immunomod-

ulatory treatments such as IVIG or steroids, no statistically 

significant differences were detected, although the estimates 

were imprecise and the certainty of evidence was very low. 

No severe or life-threatening adverse events directly attrib-

utable to intralipid were reported, although safety data were 

limited and incompletely ascertained. In a small number of 

studies, congenital anomalies, obstetric complications, and 

fetal growth restriction were reported in the intralipid group; 

however, a causal relationship with intralipid could not be 

established given the limited ascertainment and reporting of 

adverse events across studies. Long-term follow-up data on 

maternal and neonatal outcomes were also absent across all 

included studies.

Nevertheless, our findings are broadly consistent with 

prior systematic reviews, which have similarly concluded 

that the evidence is insufficient to support or refute the use 

of intralipid in women with RPL or RIF [6,28-31]. The pres-

ent review differs from these prior reviews in several key 

respects, offering an updated and more rigorous synthesis of 

the current evidence First, this review incorporates recently 

published studies not included in earlier meta-analyses, 

while excluding studies whose findings can no longer be 

considered valid. Al-Zebeidi et al.  [32], cited in five prior 

systematic reviews, and Dakhly et al. [33], cited in four prior 

systematic reviews, were excluded after confirming their re-

traction from peer-reviewed journals in September 2025 and 

May 2024, respectively, thereby reducing potential distortion 

of the pooled estimates. Second, we made explicit efforts 

to minimize clinical and methodological heterogeneity by 

analyzing effectiveness data separately by study design (RCT 

vs. NRCS) and by indication (RIF vs. RPL). This approach re-

vealed discordant effect estimates between randomized and 

non-randomized evidence and highlighted the absence of 

RCT evidence in RPL-only populations. Despite the resulting 

reduction in per-analysis sample size, a potential treatment 

effect could still be discerned in several RCT-based analyses, 

even though the certainty of evidence remained low. Third, 

this review provides a more comprehensive assessment of 
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safety by additionally incorporating case reports and confer-

ence abstracts, sources often excluded from prior systematic 

reviews, thereby capturing a broader range of real-world 

safety signals than previously reported.

The biological rationale for intralipid in fertility treatment 

rests primarily on its proposed ability to suppress peripheral 

and uterine NK cell activity, thereby improving the immune 

tolerance required for embryo implantation. However, the 

clinical evidence for NK cell-guided patient selection re-

mains weak. In our sensitivity analyses restricted to studies 

using NK cell testing as a selection criterion, no significant 

benefit was demonstrated for either live birth or clinical 

pregnancy rate. Furthermore, the two included studies 

differed in the type of NK cell testing used as the selection 

criterion: one assessed peripheral blood NK cell proportion 

and activity [15], while the other assessed uterine NK cell 

density measured immunohistochemically in endometrial 

biopsy specimens [18]. Given that peripheral and uterine NK 

cell measurements reflect distinct compartments and lack a 

validated correlation with each other, this heterogeneity in 

testing modality, in addition to differing definitions of NK cell 

abnormality across studies, further limits the interpretability 

of these findings.

This review has several limitations. First, the certainty of 

evidence was very low to low across all outcomes, primarily 

due to risk of bias in the primary studies, substantial het-

erogeneity, and imprecision. Well-designed and rigorously 

conducted clinical trials are needed to establish the clinical 

effectiveness of intralipid infusion therapy. Second, most 

included studies were small and conducted at single centers 

in limited geographic settings (Europe, Middle East, East 

Asia); no studies were conducted in Korean patients, despite 

widespread empirical use of intralipid in South Korea. Third, 

although this review's inclusion of conference abstracts and 

case reports broadened the safety evidence base, these sourc-

es inherently lack the methodological rigor of peer-reviewed 

studies, restricting quantitative synthesis and precluding firm 

conclusions regarding the safety profile of intralipid. Further 

well-designed studies with systematic safety reporting are 

needed to determine whether the observed adverse findings, 

including congenital anomalies and obstetric complications, 

reflect a true potential harm associated with intralipid or oc-

curred independently of treatment. Fourth, publication bias 

was not formally assessed due to the small number of eligible 

studies. Finally, this review did not fully differentiate treat-

ment effects according to the underlying indication; in par-

ticular, whether the effectiveness of intralipid differs between 

women with RIF, the primary indication for its use, and those 

with RPL remains to be clarified. Future studies stratified by 

indication are warranted to determine whether specific sub-

groups derive greater benefit from intralipid therapy.

In conclusion, current evidence is insufficient to support 

the clinical safety and effectiveness of intralipid infusion ther-

apy in women with RIF or RPL. Given these gaps, intralipid 

should not be used indiscriminately as a routine empirical 

treatment outside the context of well-designed clinical trials. 

Future research should prioritize adequately powered RCTs 

with standardized treatment protocols—including defined 

dose, timing, and indication-specific patient selection crite-

ria—using live birth rate as the primary endpoint, together 

with systematic long-term safety monitoring for both mother 

and offspring.
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Publication bias is a fundamental threat to the validity of systematic reviews and meta-analyses in clinical medicine. Yet current prac-
tice often reduces its assessment to the mechanical application of funnel plots, asymmetry tests, or single adjustment procedures, 
with limited attention to the underlying assumptions, alternative explanations, or implications for evidence certainty. This narrative 
methodological article reframes publication bias assessment as an interpretive and editorial responsibility rather than a purely techni-
cal problem. We examine what commonly used methods can and cannot reliably support. Detection tools function as nonspecific stress 
tests that identify deviations from simplified models; they do not diagnose selective publication but highlight situations in which the un-
derlying assumptions require closer inspection. Adjustment approaches, including trim-and-fill, selection models, and regression-based 
methods, generate hypothetical estimates under unverifiable assumptions**, and therefore provide** sensitivity analyses rather than 
corrections that recover the true underlying effect. Divergence across adjustment methods is particularly informative, signaling inferen-
tial fragility rather than analytical failure. We identify five recurring misinterpretations encountered in peer review: equating asymmetry 
with proof of publication bias; privileging bias-adjusted estimates as inherently more credible; relying on a single adjustment method 
without examining assumption dependence; ignoring the plausibility of adjustment direction and magnitude; and overlooking implica-
tions for certainty of evidence. Editors and reviewers should prioritize transparency of assumptions, seriously consider alternative expla-
nations, and calibrate conclusions proportionately. Viewing publication bias assessment as an interpretive responsibility rather than a 
methodological checklist promotes more disciplined inference and strengthens trust in clinical evidence synthesis.
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Introduction

Publication bias has long been acknowledged as a fun-

damental threat to the validity of systematic reviews and 

meta-analyses in clinical research [1-4]. This refers to the 

selective processes by which studies with statistically sig-

nificant or favorable results are more likely to be published, 

disseminated rapidly, or remain accessible, whereas studies 

with null or unfavorable findings are delayed, obscured, or 

never published [1-6].Closely related mechanisms—includ-

ing time-lag bias, language bias, selective outcome reporting, 

and dissemination channel bias—operate along the same 

spectrum and collectively distort the evidentiary landscape 

available for synthesizing the evidence. The cumulative effect 

is a systematic inflation of pooled effect estimates and an 

overstatement of confidence in the resulting conclusions [1-

6].

Although publication bias is widely recognized as an 
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important threat to the validity of systematic reviews and 

meta-analyses, it is often treated as a procedural rather than 

interpretative issue. During peer review, authors are com-

monly asked to show that publication bias has been assessed, 

usually by presenting a funnel plot or reporting the results 

of a statistical test. These analyses are frequently included 

as a routine requirement, with little consideration of their 

assumptions, limitations, alternative explanations for ob-

served findings, or their implications for the certainty of the 

evidence [7-9]. Although numerous statistical methods have 

been developed to assess publication bias, ranging from clas-

sical funnel plot–based tests to more advanced approaches 

such as selection models and P curve analysis, there is still no 

consensus on how their results should be interpreted [1,10-

13]. As a result, authors now have access to increasingly so-

phisticated analytical tools but often lack clear guidance on 

how to interpret and integrate these findings into balanced 

conclusions.

The Central Challenge: Interpretation, Not 
Methodology

Methodological literature on publication bias has largely 

focused on developing and comparing statistical tools, such 

as funnel plots, asymmetry tests, and bias-adjustment pro-

cedures [1,10-12]. While these methods are indispensable, 

their application alone does not ensure valid inference. This 

article contends that the central challenge of publication bias 

assessment is not methodological sufficiency, but interpre-

tive discipline.

For example, a funnel plot may appear symmetric even 

when publication bias is present. Conversely, a statistically 

significant asymmetry test does not necessarily indicate pub-

lication bias, as asymmetry may result from factors unrelated 

to selective publication. Similarly, an adjusted effect estimate 

should not be considered more credible simply because it 

is closer to the null value [14,15]. Current evidence suggests 

that funnel plot asymmetry should be viewed as a nonspe-

cific signal rather than direct evidence of publication bias 

[14,15]. Asymmetry may arise from genuine differences in 

treatment effects, variations in study quality, differences in 

outcome definitions, or differences in follow-up duration, 

even when no studies are missing. In other words, funnel plot 

asymmetry indicates that the observed data deviate from an 

idealized pattern, but it does not identify the reason for that 

deviation.

Scope and Organization

This article is organized into four sections. First, we review 

the available methods for detecting and adjusting for pub-

lication bias and clarify what conclusions these methods 

can support, distinguishing methods that provide sensitivity 

analyses from those that are often interpreted as diagnostic 

tests. Second, we discuss five common misinterpretations 

frequently encountered during peer review and explain why 

they occur. Third, we propose practical questions that editors 

and reviewers should consider when evaluating publication 

bias, with an emphasis on sound interpretation rather than 

simple methodological compliance. Finally, we discuss pub-

lication bias within certainty-of-evidence frameworks, partic-

ularly GRADE, and examine situations in which conventional 

methods provide limited information. Throughout this arti-

cle, we emphasize that responsible assessment of publication 

bias requires transparent assumptions, careful consideration 

of alternative explanations, and conclusions that are consis-

tent with the strength of the available evidence [16-18].

This article does not propose new statistical methods or 

advocate for any single analytical approach. Rather, it focuses 

on how existing methods should be interpreted, contextu-

alized, and integrated into judgments about the certainty of 

evidence. The emphasis is placed on using detection and ad-

justment methods as interpretive stress tests and integrating 

their results into transparent, proportionate judgments about 

evidence certainty—moving beyond checklist compliance 

toward responsible evidence synthesis.

What Publication Bias Methods Actually Tell 
Us (and What They Do Not)

Publication bias methods are often presented as technical 

solutions to technical problems. From an editorial perspec-

tive, however, their principal value lies not in the numerical 

estimates they produce but in what they reveal about the lim-

its of inference [19,20]. Therefore, understanding what these 

methods can—and, just as importantly, cannot —legitimate-

ly support is essential for fair, consistent, and proportionate 

peer review.

Detection tools: stress tests, not diagnostic tools
Detection tools, including funnel plots and small-study effect 

tests such as Egger’s or Begg’s tests, assess whether observed 

data are compatible with a simplified reference model—typ-

ically one assuming homogeneous effects and the absence of 

selective dissemination [21,22]. When funnel plot asymmetry 

or statistically significant small-study effects are observed, 
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the appropriate interpretation is that the reference model 

may be strained. Crucially, these findings do not identify the 

mechanism responsible for the deviation.

Consider a meta-analysis of surgical interventions, where 

smaller trials were conducted at specialized centers with 

more experienced surgeons, while larger pragmatic trials en-

rolled diverse centers. The observed asymmetry may reflect 

genuine effect modification by surgical expertise rather than 

selective publication. However, reviewers frequently interpret 

such patterns as confirmatory evidence of missing studies. 

This example illustrates a fundamental principle: funnel plot 

asymmetry may arise from true effect modification, method-

ological gradients, differences in outcome definitions, varia-

tions in follow-up duration, or systematic patterns of risk of 

bias—even when no studies are missing [13,14].

Accordingly, detection results should be interpreted as sig-

nals prompting further scrutiny rather than as evidence that 

publication bias has been demonstrated [21,22]. The appro-

priate question is not “Has publication bias been proven?” 

but rather “What might explain the observed pattern, and 

how much confidence can the evidence reasonably support 

given this uncertainty?”

Adjustment methods: sensitivity analyses, not correc-
tions
Adjustment methods, including trim-and-fill, selection 

models, regression-based approaches such as PET-PEESE, 

and P value–based techniques, extend this logic by imposing 

explicit assumptions about how selective reporting might op-

erate [23-25]. Each method answers a conditional question: If 

selection occurred according to a particular mechanism, how 

would the pooled estimate change? Therefore, the resulting 

adjusted estimates are hypothetical by construction. They 

provide information about sensitivity to assumptions but do 

not recover a true or unbiased underlying effect.

Divergent results across adjustment methods are common 

because each encodes a different and ultimately unverifiable 

narrative about the publication process [26].To illustrate, 

consider how different adjustment methods respond to the 

same asymmetric funnel plot.

• �Trim-and-fill  might impute several small negative stud-

ies, shifting the pooled estimate toward the null.

• �A selection model  assuming P value-dependent publi-

cation might retain all observed studies but down-weight 

those with larger standard errors.

• �Conversely, PET-PEESE extrapolates to zero precision us-

ing regression methods.

Each method encodes a distinct narrative of how selection 

operates. When these narratives yield divergent estimates, 

the appropriate inference is not to average them or select the 

most conservative, but rather to acknowledge that conclu-

sions depend critically on unverifiable assumptions about 

the publication process. This divergence signals inferential 

fragility rather than analytical failure.

From an editorial perspective, this divergence is deeply in-

formative. Convergence across methods may suggest relative 

robustness across multiple assumptions, whereas disagree-

ment signals inferential fragility and warrants restraint in 

interpretation. What matters is not whether an adjusted esti-

mate is smaller, closer to the null, or statistically non-signifi-

cant, but rather the transparency with which authors explain 

the drivers of change and moderate conclusions accordingly 

[1,27,28].

The distinction between detection, adjustment, and 
interpretation
In this sense, publication bias methods function most appro-

priately as interpretive stress tests rather than as corrective 

algorithms. They expose how sensitive conclusions are to 

plausible selection mechanisms, modeling choices, and ana-

lytical decisions [19,22]. Their primary contribution is not to 

identify a single preferred estimate but to delineate the range 

of conclusions that remain defensible under reasonable as-

sumptions. Therefore, editors and reviewers should evaluate 

publication bias analyses not by their mere presence but by 

the transparency, coherence, and proportionality with which 

their implications are interpreted.

Table 1 contrasts these three components. Detection 

identifies when simplified models are strained, adjustment 

explores sensitivity to assumptions, and interpretation trans-

lates analytical findings into calibrated conclusions. Conflat-

ing these stages—for example, treating detection results as 

proof of publication bias or adjustment outputs as correc-

tions—represents the most consequential category error in 

publication bias assessment.

Together, these components demonstrate that publication 

bias assessment is not a linear progression toward a correct-

ed estimate, but rather a process by which analytical findings 

constrain the range of defensible inferences.

Common Misinterpretations Encountered in 
Peer Review

Although publication bias is widely acknowledged as a threat 

to evidence synthesis, its assessment is frequently misunder-

stood during the peer review process. These misunderstand-

ings rarely arise from a lack of statistical knowledge. Instead, 

they reflect a more fundamental problem: the conflation 
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of detection, adjustment, and interpretation as if they were 

interchangeable steps toward a single, corrected estimate. 

Predictable errors occur when publication bias methods are 

treated as diagnostic or corrective tools rather than as com-

ponents of a broader interpretive process. Five recurring pat-

terns merit particular attention.

Misinterpretation 1: equating asymmetry with proof 
of publication Bias
Error: One of the most common errors is to equate funnel 

plot asymmetry or a statistically significant small-study effect 

test with the presence of publication bias. In peer review, this 

often appears as statements such as, “Egger’s test is signifi-

cant; therefore, publication bias exists.” Such reasoning treats 

detection results as causal diagnoses, overlooking the fact 

that asymmetry merely indicates a deviation from a simpli-

fied reference model assuming homogeneous effects and no 

selection; it does not explain why that deviation occurred.

Why This Matters: Interpreting asymmetry as proof of 

selective non-publication collapses multiple plausible ex-

planations into a single unsupported conclusion [1,12]. An 

evidence base may be fully published and yet still display 

systematic asymmetry. This misinterpretation leads to an 

unwarranted downgrading of evidence certainty based on 

ambiguous signals.

Editorial Response: When asymmetry is detected, editors 

should ask: “What alternative explanations have the authors 

considered? Have they examined heterogeneity, method-

ological quality gradients, and differences in outcome defi-

nitions? Are conclusions appropriately cautious given this 

uncertainty?”

Misinterpretation 2: treating bias-adjusted estimates 
as inherently more credible
Error: A second critical misinterpretation treats bias-adjust-

ed estimates as inherently more credible than unadjusted 

results, which is a logical error that misunderstands the 

hypothetical nature of adjustment procedures. This is often 

reflected in reviewer requests to present trim-and-fill or sim-

ilar adjusted results as primary estimates. Such requests dis-

regard the fact that adjustment methods generate estimates 

under specific unverifiable assumptions about selection.

Why This Matters: An effect estimate that is smaller 

or closer to the null is not inherently less biased; it may 

simply reflect the mathematical structure of the chosen 

method rather than any improvement in evidential validity 

[1,19,20,23]. Privileging attenuated estimates risks substi-

tuting one untested assumption for another rather than 

Table 1. Detection, Adjustment, and Interpretation in the Editorial Evaluation of Publication Bias 

Dimension Detection Methods Adjustment Methods Interpretation (Editorial Task)
Primary purpose Identify deviations from a simplified 

reference model
Explore how pooled estimates change 

under assumed selection mecha-
nisms

Judge how much confidence the 
evidence can reasonably support

Typical examples Funnel plots; Egger’s test; Begg’s test Trim-and-fill; selection models; PET-
PEESE; P value–based methods

Editorial synthesis of bias analyses, 
heterogeneity, and study quality

Core question addressed Do the observed data fit a model 
with no selection or homogeneous 
effects?

If selection operates in a specific way, 
how would the estimate change?

How should conclusions be calibrated, 
given assumption dependence and 
inferential fragility?

Nature of output Graphical patterns or test statistics Hypothetical bias-adjusted effect 
estimates

Judgments about certainty of evi-
dence and strength of claims

Key assumptions Homogeneous effects; absence of 
selective dissemination

Explicit, method-specific selection 
mechanisms

Transparency, plausibility, and propor-
tionality of inference

What the results can tell us That the simple reference model may 
be violated

That conclusions are sensitive (or 
robust) to particular assumptions

Whether confidence should be down-
graded or conclusions moderated

What the results cannot tell us The cause of asymmetry or deviation The true underlying effect size A single ‘corrected’ or definitive esti-
mate

Common misinterpretation Asymmetry interpreted as proof of 
publication bias

Adjusted estimate treated as closer to 
the truth

Confidence maintained despite 
demonstrated fragility

Appropriate editorial use Prompt further scrutiny and explora-
tion of alternatives

Function as sensitivity analyses, not 
replacements

Integrate findings into certain-
ty-of-evidence judgments (e.g., 
GRADE)

Risk if overemphasized Overdiagnosis of publication bias False sense of correction or precision Overconfident conclusions despite 
uncertainty

PET-PEESE: precision-effect test and precision-effect estimate with standard error, GRADE: Grading of Recommendations, Assessment, Develop-
ment, and Evaluations.
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improving inference. When an adjusted estimate is smaller, 

reviewers may feel reassured without scrutinizing whether 

the implied adjustment is substantively credible.

Editorial Response: Editors should ask authors to present 

unadjusted and adjusted estimates side by side and to state 

explicitly which assumption drives the difference between 

them. An adjusted estimate should be reported as one sce-

nario among several, not as the primary result. Where the ad-

justment is presented as the headline finding, editors should 

request that the framing be reversed.

Misinterpretation 3: treating a single adjustment 
method as definitive
Error: Peer reviewers may focus on whether a publication 

bias method was applied rather than on how the results 

behave across multiple plausible approaches. When a sin-

gle adjusted estimate is presented without a comparison to 

alternatives, or when divergent results across methods are 

not discussed, a sensitivity analysis is implicitly elevated to 

a corrective conclusion. This practice obscures assumption 

dependence and exaggerates certainty.

Why This Matters: This error is particularly consequential 

in the presence of substantial between-study heterogeneity, 

where different adjustment methods encode fundamental-

ly different narratives about selection mechanisms [19,28]. 

What should function as an exploration of fragility instead 

becomes a misplaced endpoint, creating false confidence in 

the single estimate.

Editorial Response: Editors should request that authors 

present results across multiple adjustment approaches and 

explicitly discuss how the estimates differ. Stability across 

diverse methods may support conditional confidence, while 

divergence signals inferential fragility, which should be re-

flected in more cautious language and lower certainty-of-evi-

dence ratings.

Misinterpretation 4: ignoring the plausibility of ad-
justment direction and magnitude
Error: Less frequently articulated but equally consequential 

is the failure to examine whether the direction and magni-

tude of an adjustment are substantively plausible. Attenua-

tion toward the null is often accepted as reassuring without 

scrutiny of whether the implied missing or down-weighted 

studies resemble realistic trials.

Why This Matters: Consider a meta-analysis of a novel 

pharmacological intervention in which all included studies 

were industry-sponsored and showed large effects. Trim-

and-fill analysis may impute several small negative studies to 

achieve symmetry. However, if no such negative studies exist 

in the evidence base despite extensive searching, the im-

puted studies may be implausibly pessimistic. Adjustments 

that shift influence toward studies unlike any observed in 

the literature should prompt concern rather than confidence 

[19,23].

Editorial Response: When adjustment methods are em-

ployed, editors should verify that (1) the implied selection 

mechanism reflects plausible publication dynamics in the 

field, (2) hypothetical imputed studies resemble realistic tri-

als, and (3) the adjustment does not systematically disadvan-

tage methodologically rigorous but smaller studies.

Misinterpretation 5: overlooking implications for 
certainty of evidence
Error: Finally, publication bias analyses are often discussed 

in isolation without explicit consequences for interpretation. 

Even when adjusted estimates vary widely or demonstrate 

strong dependence on modeling assumptions, manuscripts 

may retain confident causal language and strong clinical rec-

ommendations. In such cases, the central issue is not wheth-

er publication bias was “detected,” but whether its potential 

impact has been appropriately translated into judgments 

about the certainty of evidence and the strength of conclu-

sions [20,28-30].

Why This Matters: This disconnection between analytical 

findings and interpretive restraint represents a fundamental 

breakdown in the evidence synthesis discipline. When the 

analysis reveals inferential fragility, the conclusions must cor-

respondingly weaken. Maintaining strong recommendations 

despite demonstrated sensitivity to unverifiable assumptions 

violates the principle of proportionality [29,32].

Editorial Response: Editors should assess whether strong 

assumption dependence, wide sensitivity ranges, or insta-

bility across models are reflected in more cautious language, 

explicit downgrading of certainty of evidence per GRADE 

framework, and moderated recommendations. When ana-

lytical fragility is documented but conclusions remain confi-

dent, an unresolved disconnect persists between the analysis 

and interpretation.

Summary: These five recurring misinterpretations high-

light the need for an explicit editorial framework that distin-

guishes detection from adjustment and both from interpre-

tation. Shifting attention away from method selection and 

toward inferential judgment, transparency, and proportional 

interpretation is essential if publication bias analyses are to 

meaningfully inform evidence appraisal rather than merely 

satisfying procedural expectations.
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Editorial Questions That Matter More Than 
the Method Used

From an editorial perspective, the central task in evaluating 

publication bias analyses is not to verify whether specific 

statistical procedures have been applied but to determine 

whether the analysis demonstrates sound inferential reason-

ing. This requires shifting attention away from method labels 

and toward the logic that connects the assumptions, ana-

lytical results, and resulting conclusions. In practice, these 

questions function as safeguards against the category errors 

outlined above, particularly the conflation of detection, ad-

justment, and interpretation [19,31].

Five Essential Editorial Questions

What assumptions does the analysis rely on, and are 
they explicitly stated?
All publication bias methods encode assumptions regarding 

how studies are selected, reported, or disseminated. There-

fore, editorial evaluation should begin by asking whether 

these assumptions are clearly articulated and whether they 

plausibly reflect the clinical and publication contexts of the 

evidence base. Analyses that present bias-adjusted estimates 

without explaining the implied selection mechanism provide 

little interpretive grounding regardless of statistical sophisti-

cation. Without explicit assumptions, neither the detection 

nor the adjustment results can be meaningfully interpret-

ed, and any downstream conclusions remain unsupported 

[4,20,31].

Are alternative explanations for the observed pat-
terns seriously considered?
When funnel plot asymmetry or small-study effects are re-

ported, authors should address explanations beyond selec-

tive non-publication. These include true effect modification, 

gradients in methodological quality, differences in outcome 

definitions, variations in follow-up duration, and analytical 

flexibility. Editorial judgment should favor analyses that 

situate publication bias within this broader explanatory 

landscape rather than treating it as a default diagnosis or 

a standalone issue. Failure to consider alternatives trans-

forms detection signals into causal claims, reinforcing the 

misinterpretations commonly encountered in peer reviews 

[1,11,19,32].

How stable are the conclusions across reasonable ana-
lytical choices?
A robust publication bias assessment makes sensitivity visi-

ble. Editors should look for transparent comparisons across 

multiple plausible adjustment methods or model specifica-

tions, including scenarios in which the conclusions weaken, 

attenuate, or change direction. Stability across approaches 

may support conditional confidence, whereas divergence 

indicates inferential fragility. Crucially, both outcomes are 

informative only if they are reported and interpreted and not 

suppressed in favor of a single adjusted estimate [20,28,32].

Have the direction and magnitude of the adjustment 
been critically examined?
Noting that an adjusted estimate is smaller or closer to the 

null hypothesis is insufficient. Editorial scrutiny should con-

sider whether implied adjustments are substantively credi-

ble. Do the hypothetical missing or down-weighted studies 

resemble plausible trials in the field? Does the adjustment 

disproportionately privilege larger but lower-quality studies 

over smaller, methodologically rigorous ones? Unexamined 

attenuation toward the null risks substituting one untested 

assumption for another rather than improving inference 

[20,28,32].

Are the consequences for the certainty of evidence 
clearly articulated?
Most importantly, publication bias analysis should have vis-

ible consequences for interpretation. Editors should assess 

whether strong assumption dependence, wide sensitivity 

ranges, or instability across models are reflected in more 

cautious language, explicit downgrading of the certainty of 

evidence, or moderated recommendations. When analytical 

fragility is documented but conclusions remain confident, an 

unresolved disconnect persists between analysis and inter-

pretation. At this stage, publication bias assessment ceases 

to be a methodological issue and becomes a question of evi-

dential responsibility [30,33].

These questions emphasize that publication bias assess-

ment is fundamentally an exercise in interpretation rather 

than algorithm selection. Editorial evaluation should there-

fore prioritize transparency, restraint, and coherence of rea-

soning over mechanical compliance with the methodological 

checklists. Viewed through this lens, publication bias analysis 

directly informs judgments about the certainty of evidence 

rather than functioning as a stand-alone diagnostic step or a 

means of effect size correction.

Publication Bias as a Certainty-of-Evidence 
Issue

Within evidence-based medicine, publication bias is best 
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understood not as a statistical inconvenience but as a funda-

mental threat to the certainty of evidence. Frameworks such 

as GRADE explicitly recognize publication bias as a reason 

to downgrade confidence in effect estimates, reflecting the 

insight that selective dissemination distorts the evidentia-

ry base itself rather than merely shifting numerical results 

[18,33]. From this perspective, the goal of publication bias 

assessment is not to repair an estimate but to determine how 

cautiously that estimate should be interpreted.

Publication bias as evidence fragility
This reframing has direct implications for editorial decision 

making. Inferential fragility is indicated when bias-adjusted 

estimates vary widely across plausible assumptions, results 

are highly sensitive to unverifiable selection mechanisms, or 

conclusions hinge on a small number of influential studies. 

In GRADE terms, such fragility justifies downgrading the cer-

tainty of evidence, even when statistical significance persists 

under the selected models. The apparent numerical robust-

ness within a single analytical framework does not override 

the instability across reasonable alternatives [18,33].

Equally important, the absence of statistically significant 

evidence of publication bias should not be interpreted as re-

assurance. Funnel plot symmetry, non-significant asymmetry 

tests, or convergence of a single adjustment method merely 

indicate that selective processes were not detected under the 

assumptions applied. They do not establish that publication 

bias is absent. Treating “no evidence of bias” as evidence of 

no bias conflates detection with interpretation, which is a 

mistake particularly consequential in settings characterized 

by substantial heterogeneity, flexible outcome definitions, or 

complex reporting practices, where conventional detection 

tools are known to be weakly informative [7,12,18].

When evidence can retain higher certainty
Conversely, when publication bias analyses demonstrate 

relative stability across multiple methods and assumptions, 

especially in evidence bases with prespecified outcomes, low 

heterogeneity, and external constraints such as trial regis-

tration, editors may reasonably judge the risk of publication 

bias to be lower. However, even under these circumstances, 

the appropriate inference is conditional confidence rather 

than confirmation of a true effect. Certainty may be retained, 

but it remains explicitly contingent on the assumptions ex-

amined[19,21].

Integration with GRADE framework
Viewed through a certainty-of-evidence lens, publication 

bias analysis functions as the final interpretive step linking 

statistical modeling to editorial responsibility. Its primary 

contribution lies in translating analytical sensitivity into cali-

brated language, moderated recommendations, and explicit 

acknowledgment of uncertainties. At this stage, publication 

bias assessment ceases to be a methodological exercise and 

becomes an ethical one, requiring that claims be proportion-

ate to the robustness of the evidence supporting them [18,33].

In this sense, publication bias analysis does not tell us 

which estimate to trust; it tells us how much trust the evi-

dence can reasonably bear.

Special Contexts: When Editors and Review-
ers Should Watch Carefully

Although publication bias is a general concern in all forms of 

evidence synthesis, certain research contexts pose a height-

ened risk of misinterpretation. In these settings, conventional 

detection or adjustment methods may appear reassuring 

while obscuring deeper forms of selective dissemination and 

analytical flexibility. For editors and reviewers, the challenge 

is not the absence of methods but the presence of apparent-

ly coherent results in contexts where inferential fragility is 

structurally amplified [15,34] (Table 2).

Umbrella reviews and higher-order syntheses
Umbrella reviews synthesize evidence from multiple me-

ta-analyses and therefore operate at an increased distance 

from the primary study selection. This layered structure mag-

nifies the consequences of selective dissemination, rather 

than neutralizing them. Publication and reporting biases at 

the primary study level may propagate through individual 

meta-analyses and be further reinforced when umbrella re-

views preferentially cite statistically significant or highly cited 

syntheses [35,36].

In addition, the overlap of primary studies across me-

ta-analyses creates an illusion of independent replication, as 

the same influential trials—often those with large or favor-

able effects—are repeatedly reintroduced. In such settings, 

funnel plot–based assessments conducted at the meta-analy-

sis level may appear well-behaved even when the underlying 

evidence base is highly selective, requiring editorial scrutiny 

that extends beyond per-meta-analysis diagnostics [35,36].

Flexible outcomes, time points, and analytical choices
Publication bias is commonly conceptualized as the non- 

publication of entire studies. However, in many clinical stud-

ies, the dominant selective process operates within studies 

rather than between them. Selective reporting of outcomes, 

time points, subgroups, or analytical models can generate 
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Table 2. Domain and Key Questions Editors and Reviewers Should Ask

Domain Key Questions Editors and Reviewers Should Ask
Conceptual framing Do the authors clearly explain what publication bias methods can and cannot tell us? Are adjustment methods 

framed as sensitivity analyses rather than as causal corrections?
Detection Are funnel plots or small-study effect tests interpreted as stress tests rather than proof of publication bias? Are 

alternative explanations, such as heterogeneity or risk-of-bias gradients, discussed?
Choice of methods Is the choice of publication bias methods justified in relation to plausible selection mechanisms in the field, rather 

than being applied mechanically?
Multiplicity of models Were multiple adjustment approaches presented when publication bias was suspected? If the results differ, is this 

divergence highlighted and interpreted?
Transparency of assumptions Do the authors clearly describe the assumptions encoded by each method (e.g., symmetry, P value dependence, 

precision–effect relationships)?
Integration with heterogeneity Are publication bias analyses interpreted alongside heterogeneity, risk of bias assessments, and information size, 

rather than in isolation?
Certainty of evidence Are the findings from publication bias analyses explicitly linked to judgments about the certainty of the evidence 

and the strength of the conclusions?
Scope and limits Do the authors acknowledge when publication bias methods are weakly informative, such as when few studies or 

substantial heterogeneity are present
Reporting balance Are both unadjusted and adjusted results presented transparently, without privileging a single ‘corrected’ estimate?
Conclusion discipline Do the conclusions appropriately reflect evidential fragility when the results are sensitive to assumptions, or do 

they retain strong causal language despite uncertainty?

robust pooled effects, even when all studies are published 

[13,36].

Conventional publication bias methods are poorly 

equipped to detect such within-study selection, and funnel 

plot symmetry or stable-adjusted estimates may therefore 

provide false reassurance. Editors should be particularly alert 

when outcome definitions are heterogeneous, follow-up 

windows are flexible, or analytical decisions are weakly pre-

specified, as these features expand the space for selective 

reporting [15,37,38].

Preprints, living reviews, and rapidly evolving litera-
tures
The increasing use of preprints and living systematic reviews 

has altered the dynamics of the selective dissemination of 

research. The inclusion of preprints may mitigate traditional 

publication bias by capturing studies that have not yet been 

filtered by journal publication. Simultaneously, rapid dis-

semination environments may preferentially amplify novel, 

positive, or attention-grabbing findings, introducing new 

forms of selection.

Editorial evaluation should therefore focus not on whether 

preprints are included but on how their inclusion affects in-

terpretability. Analyses that explicitly examine the influence 

of preprints on pooled estimates provide more informative 

evidence than their unexamined inclusion or exclusion 

[31,39].

Automation and AI-assisted evidence synthesis
Automation and artificial intelligence–assisted tools are in-

creasingly used for literature screening, prioritization, and 

synthesis. While these tools improve efficiency, they may also 

inherit and amplify existing publication and citation biases. 

Algorithms trained predominantly on published or highly 

cited studies risk reinforcing selective visibility, rather than 

correcting it.

Transparency is essential from an editorial perspective. 

Editors and reviewers should assess whether the automated 

processes were audited, whether the screening and priori-

tization decisions were reproducible, and whether human 

judgment was retained at the interpretive stage, particularly 

in the publication bias assessment [40,41].

Small evidence bases and influential trials
Finally, publication bias methods are especially fragile when 

the number of included studies is small or when a few trials 

dominate the evidence. In such circumstances, both detec-

tion and adjustment procedures can behave erratically, with 

single influential studies driving apparent asymmetry or 

large shifts in the adjusted estimates. Analytical sophistica-

tion cannot compensate for the lack of evidence.

Therefore, editorial judgment should favor the explicit 

acknowledgment of uncertainty over reliance on any single 

bias-adjustment procedure [1,15].Transparency about these 

limitations is more informative than false confidence in 

methods applied to inadequate evidence bases.

These contexts underscore that publication bias assess-
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ment cannot be interpreted independently of the evidence 

base’s structure and dynamics. In complex, flexible, or rapid-

ly evolving literatures, restraint, transparency, and attention 

to the certainty of evidence are often more informative than 

elaborate modeling. For editors and reviewers, recognizing 

when methods are weakly informative is as important as 

their correctness.

An editorial checklist for publication bias 
assessment

Rather than prescribing specific statistical methods, the fol-

lowing checklist emphasizes interpretive quality, transparen-

cy and inferential discipline. Each domain reflects a question 

that editors and reviewers should consider when assessing 

whether publication bias analyses meaningfully inform the 

interpretation.

This checklist is intentionally brief and interpretive in na-

ture. Its purpose is not to standardize which methods must 

be used but to ensure that how methods are used aligns with 

what they can legitimately support.

Conclusions: Publication Bias as an Interpre-
tive Responsibility

Publication bias methods do not correct bias in a causal 

sense. When used well, they reveal how dependent clinical 

conclusions are on unverifiable assumptions about selection, 

reporting, and study visibility. Divergent adjusted estimates, 

wide sensitivity ranges, and strong dependence on mod-

eling choices are not analytical failures; they are signals of 

evidential fragility. Recognizing this distinction transforms 

publication bias assessment from a technical problem into 

an interpretive responsibility.

For authors, responsible use of publication bias methods 

means resisting the temptation to present a single “corrected” 

estimate and instead documenting how conclusions change 

across plausible scenarios. For reviewers, this means eval-

uating coherence and transparency rather than technical 

box-checking. For editors, this means recognizing that the 

most important question is not whether publication bias was 

tested but whether uncertainty was honestly carried through 

to interpretation and claims.

Viewed through a certainty-of-evidence framework such as 

GRADE, the primary contribution of publication bias analy-

sis is to inform the appropriate downgrading of confidence. 

When conclusions hinge on strong, unverifiable assump-

tions, certainty should be reduced accordingly, even if nu-

merical estimates appear precise. In this sense, publication 

bias analysis serves as a bridge between statistical modeling 

and responsible interpretation of the results.

Treating publication bias as an interpretive responsibility 

rather than a statistical obstacle helps ensure that meta-anal-

yses support clinical recommendations that are proportional 

to the strength of the underlying evidence. This shift from 

correction to calibration is essential for preserving trust in ev-

idence synthesis in an era of increasing analytical complexity 

and automation. By prioritizing transparency, coherence, 

and proportional inference over mechanical compliance 

with analytical checklists, editors and reviewers can ensure 

that publication bias assessment meaningfully informs ev-

idence appraisal and strengthens, rather than undermines, 

confidence in clinical evidence synthesis.
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Evidence-based medicine (EBM) has transformed clinical decision-making by integrating the best available research evidence with clini-
cal expertise and patients’ values and preferences. Over the past three decades, EBM has evolved from the critical appraisal of individ-
ual studies into a broader framework encompassing evidence synthesis, clinical practice guidelines, assessment of evidence certainty, 
research transparency, and shared decision-making. Despite these advances, contemporary EBM faces important challenges, including 
the rapidly increasing volume of research, delays in evidence synthesis and implementation, limited applicability of randomized con-
trolled trials to heterogeneous real-world populations, and difficulties in individualizing population-level evidence. Emerging approach-
es—including real-world evidence, living evidence, learning health systems, precision medicine, and artificial intelligence (AI)—offer op-
portunities to address these limitations. Together, these approaches may enable a transition from static to continuously updated evi-
dence, from population-average to more personalized evidence, and from a linear evidence pipeline to a learning evidence ecosystem 
in which clinical practice both uses and generates evidence. AI may further accelerate evidence retrieval, synthesis, updating, and indi-
vidualized decision support, while introducing challenges related to reliability, bias, transparency, reproducibility, and accountability. 
Next-generation EBM should therefore be conceptualized not as a replacement for traditional EBM but as its evolution into a digitally 
connected, continuously learning evidence ecosystem. In the AI era, the foundational principles of EBM—source verification, critical ap-
praisal, uncertainty assessment, integration of patient preferences, and accountable human judgment—will become increasingly im-
portant.

Keywords: Artificial Intelligence; Evidence-Based Medicine; Learning Health System; Precision Medicine; Real-World Evidence

eISSN 3059-1996
J Evid-Based Pract 2026;2(2):56-61
https://doi.org/10.63528/jebp.2026.00016

Review

Received: August 11, 2026; Revised: September 1, 2026; Accepted: September 11, 2026
Corresponding author: Soo Young Kim
Email: hallymfm@gmail.com

Introduction

Evidence-based medicine (EBM) has transformed clinical 

decision-making over the past three decades. EBM emerged 

in response to growing concerns about variation in clinical 

practice, the underuse of effective interventions, the overuse 

of unnecessary care, and the difficulty of translating rapidly 

expanding medical research into clinical decisions [1,2].

EBM introduced a systematic approach to clinical deci-

sion-making by integrating the best available research evi-

dence with clinical expertise and patients’ values and prefer-

ences [3]. It promoted the formulation of answerable clinical 

questions, systematic identification and critical appraisal 

of relevant evidence, and explicit application of evidence to 

patient care. Over time, EBM expanded beyond the appraisal 

of individual studies to include systematic reviews, clinical 

practice guidelines, structured assessment of the certainty 

of evidence, and shared decision-making, thereby strength-

ening the transparency and consistency of clinical decisions 

[4,5].

Despite these advances, important challenges remain. The 

volume and pace of research now exceed clinicians’ capacity 

to identify and evaluate relevant evidence, while system-

atic reviews and guidelines may become outdated as new 
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evidence emerges [6]. Moreover, average treatment effects 

derived from randomized controlled trials (RCTs) may not 

adequately inform decisions for individual patients, partic-

ularly older adults with multimorbidity, polypharmacy, or 

characteristics that are underrepresented in clinical trials.

These challenges have stimulated growing interest in re-

al-world evidence (RWE), living evidence, learning health 

systems (LHSs), precision medicine, and artificial intelli-

gence (AI) [7]. Rather than replacing EBM, these approaches 

may extend its principles by enabling evidence to be gener-

ated, synthesized, updated, and applied more continuously 

and efficiently. This review examines the evolution and 

current limitations of EBM and explores how these emerging 

approaches may contribute to a next-generation digital evi-

dence ecosystem.

Emergence and Core Principles of Evi-
dence-Based Medicine

Emergence of EBM
The development of EBM was shaped by the work of Archie 

Cochrane, David Sackett, Gordon Guyatt, and others who 

advocated the systematic use of empirical evidence in clin-

ical decision-making. The term evidence-based medicine 

became widely used in the early 1990s through the work of 

Guyatt and colleagues, who described EBM as a new para-

digm for medical practice and education [1,2]. The subse-

quent development of the Cochrane Collaboration, system-

atic reviews, evidence-based clinical practice guidelines, and 

the GRADE approach extended EBM from the critical ap-

praisal of individual studies to systematic evidence synthesis 

and explicit recommendations [2,4,5].

Three Components and Five Steps of EBM
EBM integrates the best available research evidence with 

clinical expertise and patients' values and preferences [3]. 

Clinical decisions therefore depend not only on research 

findings but also on individual patient circumstances, ex-

pected benefits and harms, feasibility, and patient priorities 

[3,8].

EBM is commonly practiced through five steps: Ask, Ac-

quire, Appraise, Apply, and Assess. These steps provide 

a practical framework for translating clinical uncertainty 

into evidence-informed decisions and have also become a 

foundation for EBP education [8]. The Sicily Statement em-

phasized that EBP requires not only knowledge but also the 

skills and attitudes necessary to formulate questions, search 

for and critically appraise evidence, apply it in practice, 

and evaluate performance [8]. Albarqouni and colleagues 

subsequently developed a consensus-based set of core EBP 

competencies encompassing question formulation, evidence 

searching and appraisal, interpretation of effects and un-

certainty, application of evidence, and integration of patient 

values and preferences [9]. EBM can therefore be understood 

not only as an approach to using research evidence but also 

as a set of competencies for rational decision-making under 

uncertainty [8,9].

Expansion of EBM
EBM has expanded from individual clinicians' appraisal of 

research toward a broader system encompassing evidence 

generation, synthesis, recommendations, implementation, 

and evaluation, and from medicine toward evidence-based 

practice across health professions [2,8].

Systematic reviews became central to evidence synthesis, 

while GRADE provided a structured framework for assess-

ing the certainty of evidence and distinguishing it from the 

strength of recommendations [4,10]. The subsequent devel-

opment of GRADE Evidence-to-Decision frameworks further 

emphasized that recommendations should consider not only 

the certainty of evidence but also the balance of benefits and 

harms, patients' values and preferences, resource use, equity, 

acceptability, feasibility, and context [11].

EBM consequently evolved from the appraisal of individu-

al studies into a broader system in which evidence is system-

atically synthesized, translated into recommendations, and 

incorporated into clinical and health care decisions [2,5,11].

Transparency, Reproducibility, and Patient-Centered-
ness
Research registration, reporting guidelines, data sharing, 

open science, and shared decision-making have further ex-

panded EBM by improving the transparency, reproducibility, 

and patient-centeredness of research and clinical decisions. 

Reporting guidelines such as CONSORT, STROBE, STARD, 

and PRISMA promote more complete and transparent re-

porting, thereby facilitating critical appraisal and evidence 

synthesis [12]. Trial registration and protocol availability can 

help identify selective reporting and undisclosed changes in 

study outcomes or methods [13].

The FAIR principles emphasize that scientific data should 

be Findable, Accessible, Interoperable, and Reusable [14], an 

increasingly important requirement for digital and AI-based 

evidence systems. Shared decision-making (SDM) similar-

ly operationalizes a core principle of EBM by integrating 

information about available options, benefits, harms, and 

uncertainty with patients' values, preferences, and individual 

circumstances [15].
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Together, these developments have strengthened both the 

trustworthiness and usability of evidence and the role of pa-

tient-centered decision-making within EBM.

Limitations of Contemporary EBM
Despite these advances, contemporary EBM faces several 

limitations. The rapidly expanding volume of research ex-

ceeds clinicians' capacity for continuous appraisal, while 

delays persist between evidence generation, synthesis, and 

implementation [6,16]. RCTs remain essential for estimating 

causal effects but may not adequately represent older adults, 

patients with multimorbidity or polypharmacy, and other 

populations encountered in routine practice. Observational 

studies, pragmatic trials, and routinely collected health data 

may therefore provide important complementary evidence, 

particularly when RCT evidence is limited or has restricted 

applicability [17,18].

Patient-centeredness also remains incompletely realized. 

Contemporary EBM requires greater emphasis on evidence 

that is usable in clinical practice and can be integrated with 

clinical context, professional expertise, shared decision-mak-

ing, and individual patient preferences [16]. Moreover, con-

ventional EBM has largely followed a linear pathway from 

research to evidence synthesis, recommendations, and prac-

tice, with less systematic use of data generated during routine 

care to produce new knowledge. Addressing this gap requires 

a more continuous connection between evidence generation 

and clinical practice, providing an important rationale for the 

development of next-generation EBM.

Concepts Shaping the Next Generation of 
EBM

The four approaches shaping next-generation EBM are com-

plementary rather than competing and are summarized in 

Table 1.

Real-World Evidence
Real-world data (RWD) derived from electronic health re-

cords, administrative claims, registries, and digital health 

technologies can be used to generate evidence on the use, 

benefits, and harms of health interventions [18]. RWE can 

complement evidence from RCTs by providing information 

on broader and more heterogeneous populations, long-term 

outcomes, rare adverse events, and treatment patterns in 

routine clinical practice [17,18]. Advances in causal inference 

methods, including target trial emulation, may further im-

prove the validity of causal estimates derived from observa-

tional data [19].

Living Evidence
Traditional systematic reviews and clinical practice guide-

lines may rapidly become outdated as new research accu-

mulates. Living systematic reviews address this limitation 

by continually incorporating relevant new evidence as it be-

comes available [6]. Living guidelines extend this approach 

from evidence synthesis to recommendations, allowing guid-

ance to be updated when new evidence is likely to change 

clinical recommendations [20]. Together, these approaches 

represent a shift from periodic publication toward continu-

Table 1. Complementary Approaches Shaping the Next Generation of Evidence-Based Medicine

Approach Primary purpose Main data sources Temporal orientation
Contribution to EBM and key 

challenge
Real-world evidence Evaluate effectiveness and 

safety in routine practice
Electronic health records, 

claims, registries, and 
patient-generated data

Historical or prospective Improves generalizability beyond 
RCTs; vulnerable to confound-
ing, bias, and variable data 
quality

Living evidence Keep syntheses and guid-
ance current

Continuous literature 
surveillance and newly 
available studies

Continuous or frequent 
updating

Reduces the delay between evi-
dence generation and guidance; 
requires sustainable surveillance 
and updating workflows

Learning health systems Convert practice data into 
knowledge and feed 
knowledge back into care

Clinical, operational, and 
patient-outcome data

Continuous feedback cycles Connects evidence generation 
with implementation; depends 
on interoperability, governance, 
and organizational capacity

Precision medicine Optimize decisions for indi-
vidual patients

Genomic, biomarker, clinical, 
environmental, and life-
style data

Individual-level, real-time, 
or repeated assessment

Extends decisions beyond average 
treatment effects; requires 
robust validation and attention 
to equity and access

EBM, evidence-based medicine; RCT, randomized controlled trial. 
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ous evidence surveillance, synthesis, and updating.

Learning Health Systems
A learning health system (LHS) integrates routinely generat-

ed clinical data, scientific evidence, and clinical experience 

through a continuous feedback process in which practice 

generates data, data generate knowledge, and knowledge 

informs subsequent practice [21]. In this model, clinical care 

becomes not only the endpoint of evidence implementation 

but also an important source of new evidence, creating a 

continuous cycle between evidence generation and practice 

[21].

Precision Medicine
Precision medicine seeks to account for individual variabil-

ity in genes, environment, and lifestyle to improve disease 

prevention and treatment [22]. More broadly, genomic, bio-

marker, phenotypic, environmental, and behavioral informa-

tion may be used to characterize patient heterogeneity and 

support more individualized clinical decisions [7,22]. When 

integrated with conventional research evidence and RWE, 

precision medicine may help move clinical decision-making 

beyond population-average treatment effects toward better 

estimation of outcomes for individual patients. Such person-

alization, however, requires adequate validation, predictive 

performance, and evidence of clinical utility before imple-

mentation in routine practice [7].

Evidence Ecosystems
Traditional EBM has largely followed a linear pathway from 

primary research through evidence synthesis and guideline 

development to clinical practice. A digital evidence ecosys-

tem extends this model by continuously connecting evidence 

generation, synthesis, recommendations, implementation, 

outcomes, and new evidence [23].

Learning health systems emphasize the use of routine-

ly generated clinical data to support continuous learning, 

whereas evidence ecosystems encompass a broader infra-

structure for generating, synthesizing, updating, disseminat-

ing, and applying evidence [23]. Within such a system, living 

systematic reviews can inform living guidelines, recommen-

dations can be incorporated into digital decision-support 

systems, and clinical outcomes can generate RWD that 

contribute to subsequent evidence generation and updating 

[20,21,23]. Achieving this continuous cycle requires trust-

worthy evidence synthesis, interoperable data and digital 

systems, and effective mechanisms for translating evidence 

into practice [23].

How Artificial Intelligence May Transform EBM
AI, including machine learning and large language models 

(LLMs), has the potential to support multiple stages of the 

EBM process. At Ask, AI may assist in structuring clinical 

questions; at Acquire, it can support literature searching, 

study identification, and screening; and at Appraise, AI tools 

are increasingly being evaluated for study classification, data 

extraction, and other components of evidence synthesis [24]. 

At Apply, AI may help integrate patient-level information 

with external evidence to support individualized risk and 

benefit estimation, while at Assess, it may facilitate analysis 

of clinical outcomes and identification of evidence gaps.

AI may be particularly valuable for living evidence systems, 

in which continuous surveillance and updating require sub-

stantial human resources. Automated or semi-automated 

tools can assist with identifying new studies, screening cita-

tions, extracting structured information, and determining 

when evidence syntheses may require updating [24].

However, AI-generated outputs cannot be assumed to be 

reliable. Potential problems include inaccurate or fabricated 

information, algorithmic bias, limited explainability, model 

instability, and challenges in reproducibility, transparency, 

and accountability. AI therefore reinforces rather than replac-

es core EBM principles: source verification, critical appraisal, 

assessment of uncertainty, transparency, and accountable 

human judgment. These potential applications, risks, and 

safeguards are summarized in Table 2.

Next-Generation EBM as a Digital Evidence Ecosystem
Next-generation EBM can be conceptualized as embedding 

the traditional principles and processes of EBM within a dig-

itally connected and continuously learning evidence system 

[23]. Its evolution may be characterized by three major transi-

tions: from static to living evidence, from population-average 

to more personalized evidence, and from a linear evidence 

pipeline to a learning evidence ecosystem [7,20,22,23].

In such a system, evidence syntheses and recommenda-

tions are continuously updated as new knowledge emerges; 

population-level evidence is integrated with individual risk, 

characteristics, and preferences; and data generated during 

routine clinical practice contribute to subsequent evidence 

generation. RWE, living evidence, LHSs, precision medicine, 

and AI can therefore be viewed not as alternatives to EBM 

but as complementary components of a continuous evidence 

cycle [18,20-24].

Important challenges remain, including data interopera-

bility, privacy and governance, and the reliability, transpar-

ency, equity, and accountability of AI-supported systems. A 

trustworthy digital evidence ecosystem will therefore require 
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Table 2. Potential Applications and Safeguards of Artificial Intelligence Across the Evidence-Based Medicine Cycle

EBM stage Potential applications of AI Principal risks and safeguards
Ask Structure clinical problems and generate focused 

PICO questions
Risk of poorly framed questions or loss of clinical context; require clinician review 

and explicit confirmation of assumptions
Acquire Support semantic searching, citation screening, 

and study identification
Risk of missing relevant studies and limited search reproducibility; document search 

methods and validate recall against established approaches
Appraise Assist with study-design identification, data 

extraction, and risk-of-bias assessment
Risk of hallucination and incorrect methodological judgments; use validated tools, 

human verification, and transparent audit trails
Apply Support individualized risk prediction and clinical 

decision support
Risk of bias, inequity, poor calibration, and automation bias; require external valida-

tion, subgroup evaluation, explainability, and shared decision-making
Evaluate Monitor outcomes, detect emerging signals, and 

identify evidence-practice gaps
Risk to privacy, accountability, and model stability; require governance, ongoing 

performance monitoring, and clear responsibility
AI, artificial intelligence; EBM, evidence-based medicine; PICO, population, intervention, comparison, and outcome.

integration across clinical epidemiology, evidence synthesis, 

health informatics, implementation science, patient partic-

ipation, and data and AI governance. The goal is not to re-

place the foundational principles of EBM, but to enable those 

principles to operate within a more timely, adaptive, person-

alized, and continuously learning health care system [25].

Conclusion

EBM has evolved from individual appraisal of research into a 

broader framework encompassing evidence generation, syn-

thesis, recommendations, implementation, and evaluation. 

Rapidly expanding evidence, implementation delays, limited 

generalizability, and the need for individualized decisions 

now require further evolution.

Next-generation EBM should integrate RWE, living evi-

dence, LHSs, precision medicine, shared decision-making, 

and AI within a continuously learning evidence ecosystem. 

The AI era therefore does not signal the end of EBM; rather, it 

makes its central tasks—determining which evidence can be 

trusted, how uncertainty should be evaluated, and how evi-

dence should be applied to individual patients—increasingly 

important.
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Sex- and age-specific associations between modifiable 
risk factors and incident Alzheimer’s disease dementia: a 
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Background: Modifiable risk factors account for a substantial proportion of dementia cases and represent important targets for pre-
vention. However, previous studies have often focused on a limited range of risk factors and have rarely examined whether their associ-
ations with dementia differ according to sex and age at onset.
Objectives: To investigate sex- and age-specific associations between modifiable risk factors and incident Alzheimer's disease demen-
tia using a nationwide population-based cohort in South Korea.
Methods: We conducted a retrospective cohort study using the National Health Information Database of the Korean National Health In-
surance Service. Among individuals who participated in the National Cancer Screening Program in 2006 and underwent general health 
examinations in 2004, 2006, and 2008, 599,306 adults aged 40–79 years were included. Participants were followed from 2010 to 
2019 after applying pre- and post-screening washout periods. Incident Alzheimer's disease dementia was defined using ICD-10 codes 
F00 or G30. Cox proportional hazards regression models were used to estimate hazard ratios (HRs) and 95% confidence intervals (CIs). 
Analyses were stratified by sex and age group to distinguish early-onset Alzheimer's disease dementia (EOAD) and late-onset Alzhei-
mer's disease dementia (LOAD). During the 10-year follow-up period, dementia risk profiles differed substantially according to sex and 
age at onset. Lower educational attainment was consistently associated with increased dementia risk across all groups. Current smok-
ing and physical inactivity were significant risk factors for dementia in both sexes, whereas underweight status was associated with an 
increased risk of LOAD. Among chronic conditions, diabetes, hypertension, and depression elevated dementia risk, with depression 
demonstrating the strongest association, particularly for EOAD (males: HR = 3.61, 95% CI: 2.63–4.96; females: HR = 1.83, 95% CI: 
1.46–2.29). Sensory and functional impairments, including hearing loss, visual loss, physical disability, and traumatic brain injury, were 
also associated with increased dementia risk, although the magnitude and significance of these associations varied by sex and age 
group. The predictive performance of the models was acceptable, with C-statistics ranging from 0.6784 to 0.7803.
Conclusions: The associations between modifiable risk factors and incident Alzheimer's disease dementia exhibited distinct sex- and 
age-specific patterns. These findings highlight the importance of tailored dementia prevention strategies that account for differences in 
demographic characteristics and risk factor profiles. Targeted interventions addressing modifiable risk factors may contribute to reduc-
ing the future burden of dementia at both individual and population levels.
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Introduction

Dementia is a syndrome encompassing common symptoms 

such as cognitive decline and behavioral changes caused 

by brain diseases [1,2]. In South Korea, the prevalence of 

dementia among adults aged 65 years and older reached 

9.25% in 2023 [3]. The national disease burden of dementia, 

measured in disability-adjusted life years (DALYs), doubled 

between 2000 and 2019, representing the steepest increase 

among major chronic diseases [4]. With rapid population 

aging, dementia is expected to impose an even greater public 

health burden in the coming decades [5].

When classified according to reversibility, irreversible 

dementia accounts for approximately 60–95% of all cases. 

Importantly, neuropathological changes associated with de-

mentia are known to begin 15–25 years before clinical diag-

nosis [6]. Moreover, clinical diagnosis is typically made only 

after cognitive impairment interferes with daily functioning, 

at which point substantial neuropathological damage has 

already occurred. From an epidemiological perspective, this 

long preclinical phase provides a critical window for primary 

prevention. Therefore, identifying individuals at high risk 

before clinical onset and implementing early preventive in-

terventions represent key public health priorities.

Dementia risk factors are heterogeneous and multifactorial, 

encompassing health behaviors, cardiometabolic conditions, 

psychosocial factors, and functional impairments [7]. Given 

the irreversible nature of dementia and its increasing societal 

burden, growing attention has been directed toward mod-

ifiable risk factors from both prevention and management 

perspectives. Although earlier epidemiological evidence 

was limited, advances in etiologic classification and patho-

physiological understanding have led to a growing body of 

observational research on dementia risk factors. Accordingly, 

numerous cohort studies have investigated the association 

between modifiable risk factors—such as smoking, alcohol 

consumption, obesity, and hypertension—and cognitive de-

cline, typically adjusting for sociodemographic covariates [8-

15]. Notably, recent studies using population attributable frac-

tion (PAF) analyses have estimated that approximately 45% 

of dementia cases are potentially preventable by addressing 

these modifiable risk factors, providing a powerful rationale 

for population-level intervention strategies [16].

However, existing literature has several limitations. Pre-

vious studies have predominantly evaluated dementia risk 

by focusing on a narrow range of conventional risk factors, 

such as blood pressure and total cholesterol [17,18]. Crucial 

comorbidities and sensory or physical impairments, includ-

ing depression, visual loss, and hearing loss, have often been 

excluded from comprehensive analyses. Consequently, the 

distinct impacts of various risk factor profiles on dementia 

onset remain poorly understood. This gap in the literature 

primarily stems from the lack of data sources that compre-

hensively capture socioeconomic factors, health behaviors, 

chronic diseases, and a wide range of dementia-related risk 

factors, as well as study design constraints, including the 

scarcity of comprehensive longitudinal data. Furthermore, 

while PAF metrics are invaluable for guiding public health 

policies to improve population-level health, they fundamen-

tally quantify aggregate population risk and fail to evaluate 

individual-level dementia risk.

To address these limitations, this study aimed to examine 

sex- and age-specific associations between modifiable risk 

factors and incident Alzheimer’s disease dementia using the 

National Health Information Database (NHID) managed by 

the National Health Insurance Service (NHIS) in South Ko-

rea. This nationwide database, initiated in 2000, accumulates 

extensive health screening data for Korean adults aged 40 

years and older, capturing diverse health metrics including 

self-reported lifestyle questionnaires, physical examinations, 

and laboratory findings. To ensure robust and stable quan-

tification of health behaviors, chronic comorbidities, and 

functional impairments, we selected a well-defined cohort 

of individuals who underwent three consecutive biennial 

health screenings over a 6-year baseline period. Utilizing a 

subsequent 10-year longitudinal follow-up, we estimated the 

long-term risk of Alzheimer’s disease dementia attributable 

to specific modifiable risk factors, with detailed stratification 

by sex and age groups. Notably, by linkable integration with 

the National Cancer Screening Program database, we suc-

cessfully ascertained individual educational attainment—a 

well-established proxy for cognitive reserve and a key con-

founding factor [19,20]—thereby allowing a comprehensive 

array of dementia risk factors to be included in our analysis.

Methods

Data source and studypopulation
This nationwide retrospective cohort study was conducted 

using customized data provided by the National Health In-

surance Service (NHIS) of Korea, which covers the entire Ko-

rean population. The NHIS database includes eligibility re-

cords, health screening results, healthcare utilization claims, 

and mortality information.

Among 3,529,471 individuals who participated in the 2006 

National Cancer Screening Program, we identified 1,170,432 

individuals who additionally underwent general health 

examinations in 2004, 2006, and 2008. To ensure temporal 
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ordering between exposure changes and dementia onset, 

we applied both pre-screening and post-screening wash-out 

periods. To exclude prevalent dementia cases, individuals 

who diagnosed with dementia before January 1, 2009 were 

excluded (n = 6,004). Second, those aged <40 or ≥80 years at 

baseline in 2009 (n = 18,876) were excluded. Finally, partic-

ipants with missing values in any screening variables were 

excluded (n = 546,246), resulting in a final analytic cohort of 

599,306 individuals.

Follow-up and outcome ascertainment
The period from 2002 to the first health examination in 2004 

was defined as the pre-screening wash-out period to exclude 

individuals with prior dementia diagnosis. To account for the 

latency between risk factor modification and dementia onset, 

a one-year post-screening washout period (2009), extending 

from the date of the participant's last health screening exam-

ination, was applied. Dementia cases diagnosed during this 

period were excluded to minimize reverse causation (Fig. 

1). Participants were followed from January 1, 2009, until the 

first diagnosis of Alzheimer’s disease dementia, death, or 

December 31, 2019, whichever occurred first. Alzheimer’s 

disease dementia was defined using ICD-10 codes F00 or 

G30 recorded as primary or secondary diagnoses; additional 

operational criteria should be specified if prescription or re-

peated-claim information was used (Fig. 2).

Definition of risk factors and outcome ascertainment
Health behavior factors previously identified as risk factors 

for dementia—including smoking, high-risk alcohol con-

sumption, physical inactivity, and obesity—were included in 

the analysis. In addition, chronic conditions such as diabetes 

mellitus, hypertension, and depression, as well as disability 

including hearing loss, visual loss, and physical disability. 

Fig. 2. Process of study sample selection.

Fig. 1. Framework of the follow up period.
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And traumatic brain injury was incorporated. Furthermore, 

sociodemographic variables, including sex, age, educational 

attainment and health insurance premium quantile as in-

come, were added to the model. In total, 16 risk factors were 

included in the final analysis.

Incident Alzheimer’s disease dementia was ascertained 

between 2010 and 2019 using claims-based ICD-10 diagnosis 

codes F00 or G30 listed as a primary or secondary diagnosis.

Some dementia cases cannot be unequivocally attributed 

to a single etiologic subtype. In particular, in patients with 

Alzheimer’s disease who exhibit concomitant cerebrovascu-

lar pathology, the National Institute of Neurological Disor-

ders and Stroke–Association Internationale pour la Recher-

che et l’Enseignement en Neurosciences (NINDS-AIREN) 

criteria recommend classifying such cases as Alzheimer’s 

disease with cerebrovascular disease (AD with CVD), rather 

than applying the nonspecific term ‘mixed dementia’, which 

has been widely used but lacks standardized diagnostic defi-

nition [21]. In accordance with this recommendation, when 

individuals met diagnostic criteria for both Alzheimer’s dis-

ease dementia and vascular dementia, priority was assigned 

to Alzheimer’s disease dementia in the present study to en-

sure mutually exclusive subtype classification.

Statistical analysis and development of the risk pre-
diction model
Cox proportional hazards regression models were used to es-

timate hazard ratios (HRs) and 95% confidence intervals (CIs) 

for incident dementia. All 16 risk factors were simultaneously 

included in multivariable models to estimate independent 

associations.

The study population was stratified by sex (males and 

females) and subsequently by age at baseline in 2009 (<55 

years and ≥ 55 years). The baseline year of 2009 was specif-

ically designated so that participants would reach the ages 

of either <65 or ≥ 65 years by the end of the follow-up peri-

od in 2019. This stratification strategy was implemented to 

adjust for the confounding effects of age and to effectively 

distinguish between developing before age 65 (Early Onset 

Alzheimer’s Dementia; EOAD) and developing at or after age 

65(Late-Onset Alzheimer’s Dementia; LOAD) during the fol-

low-up period [22].

Results

General characteristics
The final analytic cohort included 599,306 participants. Base-

line characteristics differed by sex in sociodemographic fac-

tors and health behaviors (Table 1).

Table 1. General Characteristics of Study Population

Variables
Male

(N=263,273)
Female

(N=336,033) SMD*
N % N %

Mean Age(‘09) 56.27±9.2 55.94±8.6 0.03804
Age group(years old)
  40~44 18,658 7.1 16,976 5.1 0.15055
  45~49 56,331 21.4 79,263 23.6
  50~54 52,888 20.1 63,441 18.9
  55~59 50,250 19.1 76,221 22.7
  60~64 30,577 11.6 39,967 11.9
  65~69 24,320 9.2 30,081 9.0
  70~74 18,589 7.1 19,115 5.7
  ≥ 75 11,660 4.4 10,969 3.3
Income
  Medical Aid & 1Q (low) 27,972 10.6 67,708 20.1 0.28105
  2Q 38,391 14.6 53,447 15.9
  3Q 66,134 25.1 74,613 22.2
  4Q (high) 130,776 49.7 140,265 41.7
Education
  Unschooled 7,172 2.7 24,143 7.2 0.45373
  Elementary School 29,903 11.4 70,748 21.1
  Middle School 36,487 13.9 61,860 18.4
  High School 88,901 33.8 103,719 30.9
  College student or 

higher
100,810 38.3 75,563 22.5

Spouse
  Yes 249,352 94.7 290,990 86.6 0.28116
  No 13,921 5.3 45,043 13.4
Smoking
  None smoker 121,966 46.3 327,778 97.5 1.38728
  Former smoker 51,117 19.4 3,287 1.0
  Current smoker 90,190 34.3 4,968 1.5
Alcohol
  Non-drinker 90,448 34.4 275,451 82.0 1.10817
  Moderate drinker 131,841 50.1 51,283 15.3
  Heavy drinker 40,984 15.6 9299 2.8
Physical Activity
  < 1 time/week 112,091 42.6 183,762 54.7 0.24408
  ≥ 1 times/week 151,182 57.4 152,271 45.3
BMI
  Normal weight & 

Obesity
258,231 98.1 327,666 97.5 0.03917

  Underweight 5,042 1.9 8,367 2.5
Diabetes
  Normal 229,624 87.2 305,593 90.9 0.11956
  Diabetes 33,649 12.8 30,440 9.1
Hypertension
  Normal 156,536 59.5 228,751 68.1 0.17998
  Hypertension 106,737 40.5 107,282 31.9

(Continued to the next column)
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1.9% in males and 2.5% in females.

Regarding chronic comorbidities, diabetes (12.8% vs. 9.1%) 

and hypertension (40.5% vs. 31.9%) were more prevalent 

in males, whereas dyslipidemia (42.9% vs. 45.2%) and de-

pression (3.0% vs. 5.7%) were more frequent in females. For 

injuries and sensory/physical impairments, males showed 

a higher prevalence across all categories: traumatic brain 

injury (0.7% vs. 0.4%), visual loss (3.5% vs. 1.4%), hearing loss 

(0.6% vs. 0.2%), and physical disability (0.4% vs. 0.2%).

Overall, substantial differences between sexes were ob-

served primarily in health behaviors, with standardized 

mean differences (SMDs) exceeding 0.8 (smoking: SMD = 

1.39; alcohol: SMD = 1.11). In contrast, differences in age, 

income, education, marital status, physical activity, chronic 

diseases, and impairments were minimal, with all SMDs re-

maining below 0.5.

Risk of alzheimer’s dementia

Males
Dementia risk factor profiles in males showed distinct varia-

tions between early-onset dementia (EOAD) and late-onset 

dementia (LOAD) (Table 2). Sociodemographically, the risk 

of dementia increased sequentially for every 5-year age in-

crement in both subtypes. Lower income (Medical Aid & 1Q) 

significantly elevated the risk of EOAD (hazard ratio [HR] = 

1.54, 95% confidence interval [CI]: 1.13–2.10), whereas lower 

educational attainment was consistently and significantly 

associated with an increased risk of LOAD across all educa-

tion levels (e.g., Unschooled: HR = 1.52, 95% CI: 1.40–1.66). 

Although individuals without a spouse (divorced/widowed/

separated) tended to increase EOAD risk, it was not statisti-

cally significant (HR = 1.11, P = 0.56).

Among health behaviors, current smoking (HR = 1.19, 95% 

CI: 1.13–1.24) and physical inactivity (HR = 1.12, 95% CI: 

1.08–1.17) significantly increased LOAD risk, but not EOAD 

risk. Being underweight did not reach statistical significance 

for either EOAD (HR = 1.77, P = 0.06) or LOAD (HR = 1.14, P = 

0.02).

For chronic comorbidities and impairments, both diabetes 

and depression significantly increased dementia risk across 

all age groups. Notably, depression was a remarkably potent 

risk factor for EOAD (HR = 3.61, 95% CI: 2.63–4.96) and re-

mained significant for LOAD (HR = 1.52, 95% CI: 1.41–1.64). 

Traumatic brain injury (TBI) significantly elevated the risk of 

EOAD (HR = 2.52, 95% CI: 1.30–4.90) and LOAD (HR = 1.54, 

95% CI 1.33-1.79). Conversely, hearing loss and physical 

disability were significant risk factors for LOAD. In contrast, 

visual loss was not significantly associated with dementia risk 

Variables
Male

(N=263,273)
Female

(N=336,033) SMD*
N % N %

Dyslipidemia
  Normal 150,321 57.1 184,259 54.8 0.04561
  Dyslipidemia 112,952 42.9 151,774 45.2
Depression
  Normal 255,466 97.0 316,809 94.3 0.13550
  Depression 7,807 3.0 19,224 5.7
TBI
  None 261,480 99.3 334,820 99.6 0.04447
  TBI 1,793 0.7 1213 0.4
Visual loss
  None 254,115 96.5 331,387 98.6 0.13642
  Visual loss 9,158 3.5 4,646 1.4
Hearing loss
  None 261,793 99.4 335,232 99.8 0.05130
  Hearing loss 1,480 0.6 801 0.2
Physical Disability
  None 262,174 99.6 335,467 99.8 0.04609
  Physical Disability 1,099 0.4 566 0.2
SMD, standard mean difference; BMI, body mass index; DM, diabetes 
mellitus; TBI, traumatic brain injury.

Table 1. Continued

Of the 599,306 total participants, 263,273 were male and 

336,033 were female. At baseline in 2009, the mean age was 

56.27±9.2 years for males and 55.94±8.6 years for females. 

In the 5-year age group analysis, the 45~49 cohort was the 

most prevalent in both sexes (males: 21.4%, females: 23.6%), 

whereas the ≥ 75 cohort was the least prevalent (males: 4.4%, 

females: 3.3%).

Regarding socioeconomic status, females were character-

ized by lower income and lower educational attainment than 

males. The proportion in the lowest income quantile (Med-

ical Aid & 1Q) was 10.6% for males versus 20.1% for females, 

while the highest quantile (4Q) accounted for 49.7% of males 

and 41.7% of females. Similarly, the prevalence of being un-

schooled was lower in males (2.7% vs. 7.2%), whereas high 

school graduation was higher (33.8% vs. 30.9%). For marital 

status, the proportion of those who were divorced, widowed, 

or separated was substantially lower in males than in females 

(3.2% vs. 11.1%).

Health behavior profiles exhibited prominent sex-specif-

ic disparities. The current smoking rate was 34.3% among 

males compared with only 1.5% among females, while 97.5% 

of females were non-smokers. Heavy drinking was observed 

in 15.6% of males and 2.8% of females. In addition, 57.4% of 

males engaged in physical activity ≥1 times/week, compared 

with 45.3% of females. The prevalence of underweight was 
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in males. The C-statistics for the male models were 0.6784 for 

EOAD and 0.7803 for LOAD, respectively.

Females
In females, risk profiles also demonstrated substantial differ-

ences between EOAD and LOAD (Table 2). For sociodemo-

graphic factors, a 5-year age increment consistently doubled 

the risk of both subtypes. Lower education levels signifi-

cantly increased the risk of both conditions, with a more 

pronounced, graded relationship in LOAD (Unschooled: HR 

= 1.84, 95% CI: 1.69–2.00). Notably, the absence of a spouse 

was significantly associated with a decreased risk of LOAD 

(HR = 0.95, 95% CI: 0.92–0.98).

Regarding health behaviors, current smoking increased the 

risk of both EOAD (HR = 1.46, 95% CI: 0.99–2.14) and LOAD 

(HR = 1.26, 95% CI: 1.14–1.38). Physical inactivity signifi-

cantly elevated the risk for both EOAD (HR = 1.22, 95% CI: 

1.08–1.38) and LOAD (HR = 1.12, 95% CI: 1.08–1.15). Being 

underweight significantly increased LOAD risk (HR = 1.25, 

95% CI: 1.14–1.38), whereas obesity was protective against 

LOAD (HR = 0.91, 95% CI: 0.84–0.99).

Among comorbidities and impairments, diabetes and de-

pression significantly elevated the risk for both EOAD and 

LOAD, with depression showing a significant risk in EOAD 

(HR = 1.83, 95% CI: 1.46–2.29). For disabilities, physical dis-

ability (HR = 2.34, 95% CI: 1.56–3.51) and hearing loss (HR = 

2.93, 95% CI: 1.10–7.84) were significant risk factor uniquely 

for EOAD. Conversely, TBI (HR = 1.25, 95% CI: 1.05–1.50), 

physical disability (HR = 1.19, 95% CI 1.09-1.30), and visual 

loss (HR = 1.27, 95% CI: 1.05–1.54) were associated with an 

increased risk for LOAD. The C-statistics for the female mod-

els were 0.6857 for EOAD and 0.7772 for LOAD, respectively.

Discussion

The risk of dementia associated with modifiable risk factors 

exhibited distinct sex- and age-specific characteristics. Re-

garding socioeconomic status, lower educational attainment 

and lower income levels were robustly associated with an in-

creased risk of dementia across all sexes and age groups. Fur-

thermore, while cohabitation with a spouse is conventionally 

reported as a protective factor against dementia across di-

verse cultural backgrounds [23], our study revealed a notable 

sex-based divergence: the absence of a spouse elevated de-

mentia risk in males but lowered it in females. This discrep-

ancy suggests that a spouse functions differently between 

sexes as a mediator of social contact—such as connections 

with family, friends, and neighbors. It may also reflect sex dif-

ferences in marital satisfaction, spousal caregiving burdens, 

and marital conflict.

In terms of health behaviors, current smoking and physical 

inactivity were associated with a significantly increased risk 

of dementia in both sexes. With respect to body mass index 

(BMI), numerous studies have reported that obesity (BMI ≥ 

30 kg/m²) is associated with an elevated risk of dementia [24]. 

In contrast, our findings identified underweight status (BMI 

< 18.5 kg/m²) as a significant risk factor for dementia [25,26]. 

This finding is consistent with recent domestic and interna-

tional cohort studies demonstrating the adverse health con-

sequences and increased dementia risk associated with be-

ing underweight. Notably, these studies have suggested that 

the association becomes more pronounced with advancing 

age.

Among chronic comorbidities, diabetes, hypertension, 

and depression consistently increased dementia risk in both 

sexes. Notably, depression emerged as the most potent risk 

factor, exhibiting the highest hazard ratio among all exam-

ined variables. Furthermore, the presence of traumatic brain 

injury (TBI), visual loss, hearing loss, or physical disability 

consistently elevated dementia risk regardless of sex. Rather 

than the disability itself directly driving the pathogenesis, 

this association is likely mediated by disability-induced re-

ductions in physical activity and increased social isolation. 

For hearing loss, psychosocial factors such as loneliness, de-

pression, and social isolation caused by hearing impairment 

have been continuously implicated [27]. Mechanistically, this 

is primarily explained by a neuropathological interplay: de-

creased external sensory stimulation leads to a reduction in 

cognitive reserve, while the compensatory need for increased 

cognitive resources during listening tasks further taxes the 

brain.

This study has several limitations. First, the broad defini-

tion of dementia used in this study may have resulted in the 

inclusion of individuals who were overdiagnosed or misclas-

sified as having dementia. Differences in the definition of de-

mentia cases across studies have led to substantial variation 

in estimates of dementia prevalence and incidence [28,29]. 

Even when examining all-cause dementia, researchers have 

applied different diagnostic codes, varied the inclusion of 

primary and secondary diagnoses, and adopted different 

healthcare utilization criteria, such as requiring only out-

patient visits or additionally considering dementia-related 

medication use. In this study, individuals were classified as 

having Alzheimer's disease dementia if they had at least one 

outpatient visit with a diagnosis of Alzheimer's disease de-

mentia (ICD-10 codes F00 or G30) during the follow-up peri-

od. Both primary and secondary diagnoses were considered 

without distinction. This broad case definition was adopted 
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for several reasons. First, the primary objective of this study 

was to investigate the association between dementia risk fac-

tors and subsequent dementia incidence. Therefore, it was 

considered appropriate to include not only patients with Alz-

heimer's disease dementia but also individuals at high risk 

of dementia, such as those with mild cognitive impairment. 

Second, continued healthcare utilization may not occur even 

after a dementia diagnosis because of factors such as ther-

apeutic nihilism regarding the perceived untreatability of 

dementia and the social stigma associated with a dementia 

diagnosis, both of which may discourage ongoing medical 

care [30,31]. Third, given the irreversible neuropathological 

changes characteristic of Alzheimer's disease dementia, a 

single healthcare encounter with an Alzheimer's disease de-

mentia diagnosis is likely to represent a true dementia case. 

Nevertheless, the use of a broad diagnostic definition may 

have increased the possibility of outcome misclassification, 

and the findings should therefore be interpreted with cau-

tion. Future studies employing more stringent diagnostic cri-

teria, including repeated healthcare encounters, medication 

records, or clinically validated diagnoses, are warranted to 

confirm the robustness of the observed associations.

A second limitation of this study relates to the age clas-

sification strategy. Participants were categorized as either 

younger than 55 years or 55 years and older at baseline (2009), 

the start of follow-up. This classification was intended to dis-

tinguish dementia cases that occurred during the follow-up 

period into early-onset Alzheimer's disease (EOAD) and 

late-onset Alzheimer's disease (LOAD), based on whether 

participants would be younger than 65 years or 65 years and 

older, respectively, by the end of follow-up in 2019.

This dichotomization at 55 years may have introduced 

some degree of misclassification, particularly for individu-

als near the cutoff point, who could have been assigned to 

different age groups despite having similar underlying risk 

profiles. Consequently, the effect of age on dementia risk 

may have been amplified, whereas the relative contributions 

of other risk factors may have been attenuated. Nevertheless, 

stratifying participants into EOAD and LOAD groups allowed 

us to better capture the potentially nonlinear relationship 

between age and dementia risk, improved adherence to the 

proportional hazards assumption, and enhanced the clinical 

interpretability and applicability of the findings. Therefore, 

we considered the distinction between EOAD and LOAD to 

be appropriate for addressing the objectives of this study.

Conclusions

The risk of dementia associated with specific risk factors ex-

hibited distinct sex- and age-specific characteristics. Conse-

quently, tailored approaches encompassing both individual-

ized prevention planning and population-level risk reduction 

strategies are warranted to effectively mitigate the growing 

burden of dementia.

Conflict of Interest

Hyun Jung Kim has been a editor of Journal of Evi-

dence-Based Practice since 2025. However, she was not in-

volved in the peer reviewer selection, evaluation, or decision 

process of this article. No other potential conflicts of interest 

relevant to this article were reported.

Funding

This work was not directly funded.

Data Availability Statement

The data that support the findings of this study are available 

from the Korean National Health Insurance Service (NHIS) 

but restrictions apply to the availability of these data, which 

were used under license for the current study. Data are avail-

able from the authors upon reasonable request and with per-

mission of NHIS.

Ethics Approval and Consent to Participate

The study protocol was approved by the Institutional Re-

view Board (IRB No. E-2411-131-1590) and the National 

Health Information Data Review Committee of the Nation-

al Health Insurance Service (Research Management No. 

REQ2025010906-006). The requirement for informed consent 

was waived because all data were fully anonymized prior to 

analysis.

Authors’ Contributions

Conceptualization: Mookyung Oh, Hyun Jung Kim. Method-

ology: Mookyung Oh, Hyun Jung Kim. Software: Mookyung 

Oh. Investigation: Hyun Jung Kim. Original draft: Mookyung 

Oh. Writing—review and editing: Mookyung Oh, Hyun Jung 

Kim. Supervision: Hyun Jung Kim.

Acknowledgments

We thank the Korea NHIS for providing the database used in 

this study.



71

Kim and Oh.  Modifiable Alzheimer’s disease risk by sex and age in Korea

https://doi.org/10.63528/jebp.2026.00006

ORCID

Hyun Jung Kim, https://orcid.org/0000-0003-2018-2385

Mookyung Oh, https://orcid.org/0000-0002-2011-5708

References

1.	World Health Organization. The ICD-10 classification of men-

tal and behavioural disorders: clinical descriptions and diag-

nostic guidelines. Geneva, WHO. 1992.

2.	Morris JC. The Clinical Dementia Rating (CDR): current ver-

sion and scoring rules. Neurology 1993; 43: 2412-4. 

3.	Ministry of Health and Welfare, National Institute of Dementia. 

Korean nationwide dementia epidemiology and status survey 

2023. Sejong, Ministry of Health and Welfare. 2025.

4.	Avan A, Hachinski V. Global, regional, and national trends of 

dementia incidence and risk factors, 1990-2019: A Global Bur-

den of Disease study. Alzheimers Dement 2023; 19: 1281-91. 

5.	Stephan BCM, Birdi R, Tang EYH, Cosco TD, Donini LM, Licher 

S, et al. Secular Trends in Dementia Prevalence and Incidence 

Worldwide: A Systematic Review. J Alzheimers Dis 2018; 66: 

653-80. 

6.	Gale SA, Acar D, Daffner KR. Dementia. Am J Med 2018; 131: 

1161-9. 

7.	Dening T, Sandilyan MB. Dementia: definitions and types. 

Nurs Stand 2015; 29: 37-42. 

8.	Hwang PH, Ang TFA, De Anda-Duran I, Liu X, Liu Y, Gurnani A, 

et al. Examination of potentially modifiable dementia risk fac-

tors across the adult life course: The Framingham Heart Study. 

Alzheimers Dement 2023; 19: 2975-83. 

9.	Gottesman RF, Albert MS, Alonso A, Coker LH, Coresh J, Davis 

SM, et al. Associations Between Midlife Vascular Risk Factors 

and 25-Year Incident Dementia in the Atherosclerosis Risk in 

Communities (ARIC) Cohort. JAMA Neurol 2017; 74: 1246-54. 

10.	 Raggi M, Dugravot A, Valeri L, Machado-Fragua MD, Dumur-

gier J, Kivimaki M, et al. Contribution of smoking towards the 

association between socioeconomic position and dementia: 

32-year follow-up of the Whitehall II prospective cohort study. 

Lancet Reg Health Eur 2022; 23: 100516.

11.	 Wu S, Xu Y, Zheng R, Lu J, Li M, Chen L, et al. Hypertension 

Defined by 2017 ACC/AHA Guideline, Ideal Cardiovascular 

Health Metrics, and Risk of Cardiovascular Disease: A Nation-

wide Prospective Cohort Study. Lancet Reg Health West Pac 

2022; 20: 100350.

12.	 Peters R, Booth A, Rockwood K, Peters J, D'Este C, Anstey KJ. 

Combining modifiable risk factors and risk of dementia: a sys-

tematic review and meta-analysis. BMJ Open 2019; 9: e022846. 

13.	 Elias MF, Elias PK, Sullivan LM, Wolf PA, D'Agostino RB. Lower 

cognitive function in the presence of obesity and hypertension: 

the Framingham heart study. Int J Obes Relat Metab Disord 

2003; 27: 260-8. 

14.	 Hagger-Johnson G, Sabia S, Brunner EJ, Shipley M, Bobak M, 

Marmot M, et al. Combined impact of smoking and heavy 

alcohol use on cognitive decline in early old age: Whitehall II 

prospective cohort study. Br J Psychiatry 2013; 203: 120-5. 

15.	 Whitmer RA, Sidney S, Selby J, Johnston SC, Yaffe K. Midlife 

cardiovascular risk factors and risk of dementia in late life. 

Neurology 2005; 64: 277-81. 

16.	 Livingston G, Huntley J, Liu KY, Costafreda SG, Selbæk G, Alla-

di S, et al. Dementia prevention, intervention, and care: 2024 

report of the Lancet standing Commission. Lancet 2024; 404: 

572-628. 

17.	 Kimm H, Lee PH, Shin YJ, Park KS, Jo J, Lee Y, et al. Mid-life and 

late-life vascular risk factors and dementia in Korean men and 

women. Arch Gerontol Geriatr 2011; 52: e117-22. 

18.	 Son SK. Analysis of the risk of dementia associated with diabe-

tes mellitus in the Korean elderly population [master's thesis]. 

Seoul, Korea University; 2020.

19.	 Sharp ES, Gatz M. Relationship between education and de-

mentia: an updated systematic review. Alzheimer Dis Assoc 

Disord 2011; 25: 289-304. 

20.	 Norton S, Matthews FE, Barnes DE, Yaffe K, Brayne C. Potential 

for primary prevention of Alzheimer's disease: an analysis of 

population-based data. Lancet Neurol 2014; 13: 788-94. 

21.	 Román GC, Tatemichi TK, Erkinjuntti T, Cummings JL, Mas-

deu JC, Garcia JH, et al. Vascular dementia: diagnostic criteria 

for research studies. Report of the NINDS-AIREN International 

Workshop. Neurology 1993; 43: 250-60. 

22.	 Mendez MF. Early-Onset Alzheimer Disease. Neurol Clin 2017; 

35: 263-81. 

23.	 Sommerlad A, Ruegger J, Singh-Manoux A, Lewis G, Living-

ston G. Marriage and risk of dementia: systematic review and 

meta-analysis of observational studies. J Neurol Neurosurg 

Psychiatry 2018; 89: 231-8. 

24.	 Albanese E, Launer LJ, Egger M, Prince MJ, Giannakopoulos 

P, Wolters FJ, et al. Body mass index in midlife and dementia: 

Systematic review and meta-regression analysis of 589,649 

men and women followed in longitudinal studies. Alzheimers 

Dement (Amst) 2017; 8: 165-78. 

25.	 Wang C, Fu W, Cao S, Jiang H, Guo Y, Xv H, et al. Weight Loss 

and the Risk of Dementia: A Meta-analysis of Cohort Studies. 

Curr Alzheimer Res 2021; 18: 125-35. 

26.	 Cho SH, Jang M, Ju H, Kang MJ, Yun JM, Yun JW. Association 

of late-life body mass index with the risk of Alzheimer disease: 

a 10-year nationwide population-based cohort study. Sci Rep 

2022; 12: 15298.

27.	 Griffiths TD, Lad M, Kumar S, Holmes E, McMurray B, Maguire 

EA, et al. How Can Hearing Loss Cause Dementia? Neuron 

https://doi.org/10.1212/wnl.43.11.2412-a
https://doi.org/10.1212/wnl.43.11.2412-a
https://doi.org/10.1002/alz.12764
https://doi.org/10.1002/alz.12764
https://doi.org/10.1002/alz.12764
https://doi.org/10.3233/jad-180375
https://doi.org/10.3233/jad-180375
https://doi.org/10.3233/jad-180375
https://doi.org/10.3233/jad-180375
https://doi.org/10.1016/j.amjmed.2018.01.022
https://doi.org/10.1016/j.amjmed.2018.01.022
https://doi.org/10.7748/ns.29.37.37.e9405
https://doi.org/10.7748/ns.29.37.37.e9405
https://doi.org/10.1002/alz.12940
https://doi.org/10.1002/alz.12940
https://doi.org/10.1002/alz.12940
https://doi.org/10.1002/alz.12940
https://doi.org/10.1001/jamaneurol.2017.1658
https://doi.org/10.1001/jamaneurol.2017.1658
https://doi.org/10.1001/jamaneurol.2017.1658
https://doi.org/10.1001/jamaneurol.2017.1658
https://doi.org/10.1016/j.lanepe.2022.100516
https://doi.org/10.1016/j.lanepe.2022.100516
https://doi.org/10.1016/j.lanepe.2022.100516
https://doi.org/10.1016/j.lanepe.2022.100516
https://doi.org/10.1016/j.lanepe.2022.100516
https://doi.org/10.1016/j.lanwpc.2021.100350
https://doi.org/10.1016/j.lanwpc.2021.100350
https://doi.org/10.1016/j.lanwpc.2021.100350
https://doi.org/10.1016/j.lanwpc.2021.100350
https://doi.org/10.1016/j.lanwpc.2021.100350
https://doi.org/10.1136/bmjopen-2018-022846
https://doi.org/10.1136/bmjopen-2018-022846
https://doi.org/10.1136/bmjopen-2018-022846
https://doi.org/10.1038/sj.ijo.802225
https://doi.org/10.1038/sj.ijo.802225
https://doi.org/10.1038/sj.ijo.802225
https://doi.org/10.1038/sj.ijo.802225
https://doi.org/10.1192/bjp.bp.112.122960
https://doi.org/10.1192/bjp.bp.112.122960
https://doi.org/10.1192/bjp.bp.112.122960
https://doi.org/10.1192/bjp.bp.112.122960
https://doi.org/10.1212/01.wnl.0000149519.47454.f2
https://doi.org/10.1212/01.wnl.0000149519.47454.f2
https://doi.org/10.1212/01.wnl.0000149519.47454.f2
https://doi.org/10.1016/s0140-6736(24)01296-0
https://doi.org/10.1016/s0140-6736(24)01296-0
https://doi.org/10.1016/s0140-6736(24)01296-0
https://doi.org/10.1016/s0140-6736(24)01296-0
https://doi.org/10.1016/j.archger.2010.09.004
https://doi.org/10.1016/j.archger.2010.09.004
https://doi.org/10.1016/j.archger.2010.09.004
https://doi.org/10.1097/WAD.0b013e318211c83c
https://doi.org/10.1097/WAD.0b013e318211c83c
https://doi.org/10.1097/WAD.0b013e318211c83c
https://doi.org/10.1016/s1474-4422(14)70136-x
https://doi.org/10.1016/s1474-4422(14)70136-x
https://doi.org/10.1016/s1474-4422(14)70136-x
https://doi.org/10.1212/wnl.43.2.250
https://doi.org/10.1212/wnl.43.2.250
https://doi.org/10.1212/wnl.43.2.250
https://doi.org/10.1212/wnl.43.2.250
https://doi.org/10.1016/j.ncl.2017.01.005
https://doi.org/10.1016/j.ncl.2017.01.005
https://doi.org/10.1136/jnnp-2017-316274
https://doi.org/10.1136/jnnp-2017-316274
https://doi.org/10.1136/jnnp-2017-316274
https://doi.org/10.1136/jnnp-2017-316274
https://doi.org/10.1016/j.dadm.2017.05.007
https://doi.org/10.1016/j.dadm.2017.05.007
https://doi.org/10.1016/j.dadm.2017.05.007
https://doi.org/10.1016/j.dadm.2017.05.007
https://doi.org/10.1016/j.dadm.2017.05.007
https://doi.org/10.2174/1567205018666210414112723
https://doi.org/10.2174/1567205018666210414112723
https://doi.org/10.2174/1567205018666210414112723
https://doi.org/10.1038/s41598-022-19696-2
https://doi.org/10.1038/s41598-022-19696-2
https://doi.org/10.1038/s41598-022-19696-2
https://doi.org/10.1038/s41598-022-19696-2
https://doi.org/10.1016/j.neuron.2020.08.003
https://doi.org/10.1016/j.neuron.2020.08.003


72

Kim and Oh.  Modifiable Alzheimer’s disease risk by sex and age in Korea

https://doi.org/10.63528/jebp.2026.00006

2020; 108: 401-12. 

28.	 Jang JW, Park JH, Kim S, Lee SH, Lee SH, Kim YJ. Prevalence 

and Incidence of Dementia in South Korea: A Nationwide 

Analysis of the National Health Insurance Service Senior Co-

hort. J Clin Neurol 2021; 17: 249-56. 

29.	 Hwangbo S, Lee JY, Han G, Chun MY, Jang H, Seo SW, et al. 

Dementia incidence and population-attributable fraction for 

dementia risk factors in Republic of Korea: a 12-year longitudi-

nal follow-up study of a national cohort. Front Aging Neurosci 

2023; 15: 1126587.

30.	 Handels R, Jönsson L, Garcia-Ptacek S, Eriksdotter M, Wimo 

A. Controlling for selective dropout in longitudinal dementia 

data: Application to the SveDem registry. Alzheimers Dement 

2020; 16: 789-96. 

31.	 Cox CG, Brush BL, Kobayashi LC, Roberts JS. Determinants of 

dementia diagnosis in U.S. primary care in the past decade: A 

scoping review. J Prev Alzheimers Dis 2025; 12: 100035.

https://doi.org/10.1016/j.neuron.2020.08.003
https://doi.org/10.3988/jcn.2021.17.2.249
https://doi.org/10.3988/jcn.2021.17.2.249
https://doi.org/10.3988/jcn.2021.17.2.249
https://doi.org/10.3988/jcn.2021.17.2.249
https://doi.org/10.3389/fnagi.2023.1126587
https://doi.org/10.3389/fnagi.2023.1126587
https://doi.org/10.3389/fnagi.2023.1126587
https://doi.org/10.3389/fnagi.2023.1126587
https://doi.org/10.3389/fnagi.2023.1126587
https://doi.org/10.1002/alz.12050
https://doi.org/10.1002/alz.12050
https://doi.org/10.1002/alz.12050
https://doi.org/10.1002/alz.12050
https://doi.org/10.1016/j.tjpad.2024.100035
https://doi.org/10.1016/j.tjpad.2024.100035
https://doi.org/10.1016/j.tjpad.2024.100035


© �2026 Korean Society of Evidence-Based Medicine

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.
org/licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is 
properly cited.

73

Evaluating regional diversity in scientific communication: 
a comparative analysis of COVID-19 preprints and peer-
reviewed publications
Dong Hyun Kim1*, Kyulee Jeon2,3*, Seng Chan You2,3

1Yonsei University College of Medicine, Seoul, Korea
2Department of Biomedical Systems Informatics, Yonsei University College of Medicine, Seoul, Korea
3Yonsei Institute for Digital Health, Yonsei University, Seoul, Korea

Background: The COVID-19 pandemic triggered extensive global research, leading to an unprecedented surge in both peer-reviewed 
publications and preprints. Despite their widespread use, the implications of preprints for global diversity in scientific communication 
remain underexplored. This study evaluates how preprints influenced regional diversity in COVID-19 research by analyzing international 
collaboration networks, social media engagement, and citation patterns compared to peer-reviewed publications.
Methods: We conducted a comparative analysis of COVID-19-related peer-reviewed publications indexed in SCOPUS and preprints from 
MedRxiv (December 2019–November 2022). Regional diversity was evaluated using bibliometric metrics stratified by World Bank in-
come classifications and geographic regions. International collaboration was quantified using network analysis metrics, while publica-
tion, dissemination, and social media engagement were assessed through relative ratios. Social media engagement was measured by 
quoted posts on X (formerly Twitter). Citation counts were compared between articles with preprint history versus those published di-
rectly in journals.
Results: Authors from Sub-Saharan Africa, Latin America, and the Caribbean showed 3.9–4.5 times higher eigenvector centrality in 
preprints than in peer-reviewed papers, indicating greater integration into global research networks through preprint platforms. Low-in-
come countries showed higher representation in preprints (P<0.001). Although overall engagement on X was similar for both formats, 
preprints exhibited higher relative ratios of quoted posts across all income groups. Peer-reviewed articles with preprint history received 
more citations (median=10, 25th-75th percentiles: 3–30) than those without (median=3, 25th-75th percentiles: 0–11, P<0.001), es-
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Introduction

The COVID-19 pandemic has triggered extensive research 

efforts worldwide, with a substantial body of work being pro-

duced to understand and combat the virus [1-5]. However, 

much of this research has been concentrated in high-income 

countries, leading to disparities in the geographical repre-

sentation of scientific output. Despite the global nature of the 

pandemic, researchers from low- and middle-income coun-

tries (LMICs) have been underrepresented, further highlight-

ing the existing inequities in the global research landscape.

In this context, preprints have gained attention as a po-

tential solution to overcome the limitations of traditional 

peer-reviewed journals. The conventional academic publish-

ing process often faces issues such as lengthy and complex 

review processes, high publication costs, and sometimes bias 

based on authors' affiliations or nationalities [6]. In contrast, 

preprints, which involve sharing preliminary manuscripts on 

public servers before formal peer review, offer advantages 

such as rapid feedback collection, idea prioritization, and im-

proved access to research [7,8]. The use of preprints surged 

during the COVID-19 pandemic, particularly in medical re-

search [2,9-11]. The preprint system enables swift dissemina-

tion of information in emergency situations, complementing 

the limitations of traditional publishing systems.

Although numerous preprints have been published via 

open server during this pandemic [12], little attention has 

been given to their implications for the inclusive science 

communication [13]. Meanwhile, social media tools are 

increasingly part of the research workflow, offering new dis-

semination and communication possibilities to researchers 

[14].

The aim of this study is to analyze the impact of COVID-19- 

related preprints and peer-reviewed papers on global sci-

entific communication. Specifically, we assess the role of 

preprints in fostering more inclusive research practices by 

examining regional diversity in authorship, publication, and 

dissemination. Our analysis draws on data from both pub-

lication databases and social media (X, formerly Twitter) to 

compare the reach and engagement of preprints and peer-re-

viewed papers, with a focus on regional disparities.

Methods

Data collection
This study collected data from Scopus and medRxiv to as-

sess regional diversity in scientific communication during 

COVID-19. Scopus is a peer-reviewed literature database, 

while medRxiv is a health sciences preprint repository [15]. 

COVID-19-related articles from December 1, 2019, to No-

vember 31, 2022, were collected using keywords such as 

“COVID-19”, “SARS-CoV-2”, and “coronavirus disease 2019” 

(Text S1) [1]. By April 20, 2023, metadata including titles, 

digital object identifiers (DOIs), and author affiliations were 

obtained, resulting in 277,366 papers from Scopus and 19,584 

from medRxiv.

For regional analysis, the author’s affiliations were pro-

cessed using the ‘hugofitipaldi/affiliation’ R package. X 

(formerly Twitter) data were integrated using Altmetric and 

the X/Twitter API, tracking posts linking to papers and cat-

egorizing users into demographic groups such as “public”, 

“researcher”, “practitioner”, and “science communicator”. 

Citation data were retrieved via the CrossRef API to compare 

citation counts between peer-reviewed papers with and 

without preprint history [16].

Regional and income-level categorization
For the analysis of regional and income-level diversity, coun-

try information was grouped based on the World Bank’s 

2022 regional and income group classifications [17]. Income 

groups were defined as follows: low income (gross national 

income [GNI] per capita of $1,135 or less), lower-middle 

income ($1,136 to $4,465), upper-middle income ($4,466 to 

$13,845), and high income ($13,846 or more). Geographical 

regions were grouped according to the World Bank’s ad-

ministrative classifications, including East Asia and Pacific, 

Europe and Central Asia, Latin America and the Caribbean, 

Middle East and North Africa, North America, South Asia, 

and Sub-Saharan Africa. To address previous findings that 

Europe and North America are often overrepresented in 

peer-reviewed journals, we distinguished Europe from Cen-

tral Asia for clearer analysis.

Global co-authorship networks
To identify patterns of international collaboration between 

regions, the Inter-regional Co-authorship Count was defined 

to quantify the number of collaborative papers between re-

searchers from different regions. This was calculated as fol-

lows:

where N represents the total number of papers, and δik and 
δik indicate whether paper k has authors from regions i and j, 
respectively.

To evaluate the influence of each region, we used eigen-

vector centrality (EVC) and calculated the Co-authorship 

Enhancement Index (CEI), defined as:
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This ratio indicates whether a region r was more central 

in the preprint network compared to the peer-reviewed net-

work. Eigenvector centrality assigns scores to nodes (regions) 

based on their connections to influential nodes, weighted by 

normalized inter-regional co-authorship counts. This mea-

sure highlights which regions hold the most central and in-

fluential positions in global research collaboration, allowing 

us to compare the roles of regions in preprint versus peer-re-

viewed networks.

Publication of research
To analyze differences in publication between preprints and 

peer-reviewed articles across different regions, we calculated 

the Publication Relative Ratio (PubRR) for each country c.

PubRR represents the relative ratio of a country’s share of 

first authors preprints to its share in peer-reviewed papers. 

This ratio allows us to determine whether researchers in a 

country are more inclined to publish preprints compared to 

peer-reviewed articles.

Social media dissemination of research
To evaluate how research is disseminated on social media, 

we analyzed X posts of preprints and peer-reviewed papers. 

Social Media Quotation Count quantifies the number of X 

posts referencing papers from a country. A higher quotation 

count indicates broader dissemination of that country’s re-

search on X.

where Pc represents the set of papers with first authors 

from country c.

Social Media Quotation Relative Ratio (QuoRR) compares 

the share of social media quotation count for preprints ver-

sus peer-reviewed articles for each country.

Social media readership patterns
To understand how social media users engage with research, 

we used the Social Media Readership Relative Ratio (Read-

RR). ReadRR measures the relative ratio of social media users 

citing preprints versus peer-reviewed articles from a particu-

lar country

To explore how the general public engages with research 

output in each country through social media, we calculated 

the Public Engagement Relative Ratio (PERR). PERR was 

used to assess whether public users engage more with pre-

prints than peer-reviewed papers from a given country.

Relative ratio interpretation 
All relative ratios (PubRR, QuoRR, ReadRR, and PERR) are 

interpreted as follows:

■ �Value > 1: greater engagement for preprints compared to 

peer-reviewed papers.

■ Value = 1: equal engagement.

■ �Value < 1: lower engagement for preprints compared to 

peer-reviewed papers.

These metrics provide a comprehensive understanding 

of collaboration, publication, social media dissemination 

and user engagement across different regions during the 

COVID-19 pandemic.

Statistical analyses
The coefficient of variation (CV) for inter-regional co-author-

ship counts was calculated to assess variability in collabo-

ration among regions. Pearson's correlation analyses were 

performed to examine the relationships between GDP and 

four relative ratio metrics. Scatter plots and R-squared val-

ues were used to visualize these relationships. The Wilcoxon 

signed-rank test was used to compare the median number of 

social media posts quoting preprints versus peer-reviewed 

papers within income groups. A two-sample proportion test 

was employed to compare the ratio of social media quotation 

counts to total paper counts across Scopus and medRxiv. 

Chi-squared tests were used to compare user demographics 

citing different publication types, and the Wilcoxon rank-sum 
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test assessed citation differences between peer-reviewed pa-

pers with and without preprint versions.

Results

Data collection
We collected 15,413,656 X posts referencing 277,366 papers 

from Scopus and 2,718,034 X posts referencing 19,584 papers 

from medRxiv, authored by users from 201 and 213 countries, 

respectively. For regional diversity analysis, we categorized 

countries of first authors and X users by income level and 

geographical region, excluding entries without identifiable 

country information. The final categorization, which is 

shown in Fig. S1, included:

1. Country-classified Papers: We categorized papers based 

on the country of the first author for 250,442 Scopus papers 

(192 countries) and 13,952 medRxiv papers (147 countries) 

(Table S1).

2. Country-classified X Posts: We categorized X posts based 

on the country of the paper's first author (14,325,011 posts for 

Scopus and 1,853,738 for medRxiv) (Table S2A). Additionally, 

we categorized posts based on the users' country (5,910,665 

posts for Scopus and 1,010,582 for medRxiv) (Table S2B).

Global co-authorship networks
Inter-regional co-authorship counts were calculated across 8 

regions, resulting in 28 pairwise combinations for each data 

source. The average co-authorship count was 196,572.30 for 

Scopus and 6,833.64 for medRxiv, with a coefficient of varia-

tion (CV) of 2.70 for Scopus and 1.95 for medRxiv. This indi-

cates a wider disparity in regional collaboration for peer-re-

viewed articles compared to preprints. Detailed matrix and 

counts provided in Fig. S2 and Table S3. The co-authorship 

enhancement index (CEI)—calculated as the ratio of EVC 

for preprints to peer-reviewed publications—was highest in 

North America (7.66), followed by Sub-Saharan Africa (4.53), 

Central Asia (4.29), Latin America & Caribbean (3.90), Mid-

dle East & North Africa (2.19), East Asia & Pacific (1.76), and 

South Asia (1.07), with Europe serving as the baseline (EVC = 

1.00) (Table 1).

Publication of research
The Publication Relative Ratio (PubRR) was calculated to 

compare the number of papers authored by researchers 

from each country across Scopus and medRxiv. A significant 

negative correlation between PubRR and GDP was observed 

(Pearson correlation coefficient: -0.38, P value < 0.001), in-

dicating that researchers from countries with lower GDPs 

are more likely to publish in preprint repositories (Fig. 1A). 

Over half of the countries in North America, Latin America, 

Central Asia, and Sub-Saharan Africa displayed PubRR val-

ues greater than 1 (Fig. 1B, Fig. S3). High PubRR values were 

recorded in countries such as Turkmenistan (35.9), South 

Sudan (33.3), Mali (15.9), Cameroon (11.2) and Ukraine (9.9) 

(Table S4).

Social media dissemination of research
We analyzed the distribution of posts on platform X that ref-

erenced preprints and peer-reviewed papers by first authors 

from each country. Across all income groups, the median 

Social Media Quotation Count for medRxiv was significantly 

higher than for Scopus (Wilcoxon test, P value < 0.001) (Fig. 

2A, Table S5). A significant negative correlation was found 

between Social Media Quotation Relative Ratio (QuoRR) and 

GDP (Pearson correlation coefficient: -0.17, P value = 0.046), 

indicating that countries with lower GDPs had a higher 

relative share of social media quotations for preprints (Fig. 

2B). Approximately half of the countries in North America, 

Sub-Saharan Africa, and Middle East & North Africa had 

QuoRR values greater than 1, suggesting relatively higher 

social media attention for preprints in these regions (Fig. 2C, 

Fig. S5). High QuoRR values were observed in countries like 

Cameroon (80.8), South Sudan (62.9), Sudan (36.7), Turk-

menistan (19.3), and Kazakhstan (13.1) (Table S6).

Table 1. Regional Comparison of International Collaboration 
Patterns in Preprints Versus Peer-Reviewed Publications

Peer-reviewed 
papers (EVC)

Preprints 
(EVC)

Co-authorship 
Enhancement 

Index
Europe 1.000 1.000 1.00
North America 0.106 0.812 7.66
East Asia & Pacific 0.077 0.135 1.76
Latin America & Caribbean 0.026 0.103 3.90
Middle East & North Africa 0.040 0.088 2.19
Sub-Saharan Africa 0.012 0.055 4.53
South Asia 0.031 0.033 1.07
Central Asia 0.008 0.003 4.29
Eigenvector centrality (EVC) values reflect each region’s influence in 
international collaboration networks, weighted by connections to scien-
tifically significant regions. The Collaboration Enhancement Index (CEI) 
is calculated by dividing preprint EVC by peer-reviewed publication 
EVC, quantifying the relative increase in international collaboration 
intensity through preprints. Regions with the most substantial collabo-
ration enhancement through preprints include North America (7.66), 
Sub-Saharan Africa (4.53), Central Asia (4.29), Latin America & the Ca-
ribbean (3.9), and the Middle East & North Africa (2.19).
EVC, Eigenvector Centrality; CEI, Co-authorship Enhancement Index.
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Fig. 1. Global distribution of relative preprint publication ratios by economic indicators and geographic regions
(A) Scatter plot of country GDP and Publication Relative Ratio (PubRR), (B) Geographic heatmap of PubRR values worldwide
The figure shows the relationship between countries’ economic indicators and their relative preprint publication ratios. PubRR was 
calculated based on the count of papers published in each country according to the first author’s affiliation, with top and bottom 
10% outliers excluded. In panel A, the scatter plot displays log(GDP) on the x-axis and PubRR values on the y-axis, with point size 
representing log(Population) and colors indicating income classification (HMIC/LMIC) and geographic region. The second-order 
polynomial trend line shows a negative correlation (Pearson correlation coefficient -0.28, P value < 0.001). Panel B presents PubRR 
values on a geographic heatmap, with countries lacking PubRR data shown in gray.
GDP, Gross Domestic Product; PubRR, Publication Relative Ratio; CI, Confidence Interval; HMIC, High-Middle Income Countries; 
LMIC, Low-Middle Income Countries; NA, not available.
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Fig. 2. Social media engagement patterns for COVID-19 publications by country income level and geographic distribution
(A) Boxplot of Social Media Quotation Count by Income and Paper Type, (B) Scatter plot of the country’s GDP and Social Media 
Quotation Relative Ratio (QuoRR), (C) Geographical Heatmap of QuoRR
Fig. 2 (A) is a set of boxplots for each paper type (preprints and peer-reviewed papers) based on the social media quotation counts 
of each paper. They are sub-grouped by the income group of the 1st author’s country. Outliers were excluded when drawing these 
boxplots. Five-number summaries for each boxplot starting from the top are (1, 5, 9, 32, 72), (1, 2, 6, 20, 47), (1, 4, 7, 17, 36), (1, 1, 3, 
10, 23), (1, 4, 6, 11, 21), (1, 1, 3, 7, 16), (1, 4, 6, 13, 25) and (1, 2, 4, 12, 27). Fig. 2 (B), (C) was made by examining the social media quo-
tation counts of papers published in each country then calculating QuoRR. 
GDP, Gross Domestic Product; QuoRR, Social Media Quotation Relative Ratio; CI, Confidence Interval; Log, Common Logarithm; 
HMIC, High-Middle Income Countries; LMIC, Low-Middle Income Countries; NA, not available. (Continued to the next page)
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Fig. 2. Continued.

Social media readership patterns
We compared social media engagement for preprints ver-

sus peer-reviewed papers across countries. No significant 

correlation was found between GDP and the Social Media 

Readership Relative Ratio (ReadRR) (Pearson correlation 

coefficient: -0.11, P value = 0.136) (Fig. S6, Fig. S7). Both 

paper types exhibit a similar decline in the social media 

quotation-to-paper ratio from high- to low-income groups, 

with no significant difference observed (Fig. S8). The general 

public was the most frequent group citing both preprints and 

peer-reviewed papers, with a higher engagement rate for 

preprints (preprints: 88.26%, peer-reviewed papers: 85.75%, 

P value < 0.001) (Fig. S9). Scientists, practitioners and science 

communicators showed greater engagement with peer-re-

viewed articles (P value < 0.001). The Public Engagement 

Relative Ratio (PERR) exhibited a negative correlation with 

GDP (Pearson correlation coefficient: -0.20, P value = 0.021). 

In North America and Central Asia, all countries had PERR 

values greater than 1. Similarly, in East Asia & Pacific, Sub-Sa-

haran Africa, and Latin America & Caribbean, approximately 

90% of countries had PERR greater than 1 (Fig. S10). High 

PERR values were observed in countries like Algeria (1.2), 

Palestine (4.4), Cameroon (1.3), Kazakhstan (1.2), Armenia 

(1.2), and Cambodia (1.2) (Table S7).

Citation analyses
We assessed the impact of prior preprint publication on 

subsequent citation counts in peer-reviewed journals. Pa-

pers with a preprint history had significantly higher citation 

counts (median=10 [Q1–Q3: 3–30]) compared to those with-

out (median=3 [Q1–Q3: 0–11]) (P value < 0.001) (Fig. 3). This 

trend held true for papers from low- and middle-income 

countries (LMICs), with preprints receiving higher citation 

counts (median=8 [Q1–Q3: 2–22]) than those without (me-

dian=2 [Q1–Q3: 0–8]) (P value < 0.001). The median citation 

counts by country for preprints and peer-reviewed papers are 

shown in Fig. S11 and citation count statistics by region and 

income group for peer-reviewed papers and preprints in Ta-

ble S8. We also tracked changes in the income classification 

of first authors when preprints transitioned to peer-reviewed 

publications. Of these, 57% of preprints from low-income 

countries, 49% from lower-middle-income countries, and 

22% from upper-middle-income countries were subsequent-

ly published with first authors from higher-income groups. 

Among LMIC preprints, 22 remained published by LMIC au-

thors, while 26 transitioned to authorship from high-income 

countries (Table S9).

Discussion

This study provides a comprehensive bibliometric analysis 

of how preprints influenced regional diversity in scientific 

communication during the COVID-19 pandemic. Our com-

parative analysis of preprints and peer-reviewed publications 

revealed distinct patterns across geographical regions and 

economic strata. Three key findings emerged: First, preprints 

significantly enhanced international collaboration by facil-

itating the inclusion of authors from regions traditionally 

underrepresented in peer-reviewed publications. Second, re-

searchers from lower-GDP countries showed higher engage-

ment with preprint platforms, suggesting these platforms 

serve as a more accessible publication route. Third, preprints 

demonstrated broader reach through social media engage-

ment and, notably, papers that began as preprints achieved 

higher citation counts after peer review, particularly those 

from lower-GDP regions. These findings collectively indicate 
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that preprints serve as an effective mechanism for democra-

tizing scientific communication, enabling researchers from 

underrepresented regions to increase their visibility and im-

pact in the global scientific discourse.

Our study found that peer-reviewed publications tend to 

rely heavily on established collaborative networks, especial-

ly in affluent regions such as North America, Europe, and 

East Asia. This reliance may be attributed to long-standing 

research relationships [18-20], greater access to funding 

[21,22], and the prestige of established institutions [23-25]. In 

contrast, our analysis revealed that preprints demonstrated a 

more balanced distribution of collaborations across regions, 

with particularly strong representation from lower-GDP 

countries. The higher utilization of preprint servers by re-

searchers from lower-GDP countries compared to traditional 

peer-reviewed journals suggests that preprints provide a 

more accessible publication route for these researchers.

This accessibility proved especially crucial during the 

COVID-19 pandemic [26], where rapid dissemination of 

research findings was essential for global public health re-

sponses [27]. By enabling researchers from lower-income 

regions to contribute more readily to the scientific discourse, 

preprints helped foster greater inclusivity in scientific com-

munication during a critical period.

Our analysis further revealed that preprints were dissem-

inated more extensively on social media, particularly by 

public users. This trend was especially pronounced among 

papers by researchers from lower-GDP countries, for whom 

social media served as a crucial tool to enhance visibility and 

facilitate engagement with a broader audience [28,29]. The 

role of social media in disseminating research is critical, as 

it provides an alternative avenue for researchers who may 

lack the traditional means of publication and collaboration 

[28,30]. Previous studies have shown that social media can 

significantly increase the citation impact of research, par-

ticularly for authors from institutions with fewer resources 

[31,32]. This suggests that the use of social media not only 

facilitates the dissemination of research but also democratiz-

es access to scientific knowledge, allowing researchers from 

lower GDP countries to engage more actively in global dis-

course.

Our analyses also indicate that peer-reviewed papers that 

originated as preprints tend to receive a significantly higher 

median citation count compared to those that did not. This 

trend is especially pronounced for papers where LMIC re-

searchers are the first authors. The increased visibility and 

dissemination afforded by preprints may enhance subse-

quent citations, as preprints often serve as a preliminary plat-

form for sharing research findings, which can lead to greater 

engagement and discourse within the academic community 

[33-35]. However, it has been observed that LMIC author-

ship in preprints often shifts to higher-income countries in 

peer-reviewed versions, likely due to disparities in funding, 

institutional support, and perceived credibility [21,36]. This 

raises concerns about equity and representation in global re-

search outputs [37,38].

Fig. 3. Boxplot of citation count by preprint publication history
The figure shows citation count distribution of peer-reviewed papers with and without preprint history. Peer-reviewed papers with 
preprint history exhibited higher citation counts (median=10, Q1–Q3: 3–30) compared to those without (median=3, Q1–Q3: 0–11), 
P value < 0.001. This pattern was also observed in LMIC countries, where papers with preprint history received more citations (me-
dian=8, Q1–Q3: 2–22) than those without (median=2, Q1–Q3: 0–11), P value < 0.001. 
LMIC, Low-Middle Income Countries.
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Despite the advantages of preprints, concerns regarding 

their quality and credibility persist due to the absence of 

formal peer review prior to publication. Addressing these 

concerns requires fostering an open discussion environment 

with interactive feedback mechanisms [39]. Utilizing com-

munication tools such as forums and collaborative platforms 

can enhance the quality assurance of preprints by allowing 

researchers to engage in constructive dialogue about the 

findings presented [40]. This approach is supported by the 

notion that preprints can be revised based on community 

input. Furthermore, the integration of communication tools 

such as social media can facilitate these discussions, allowing 

researchers to share insights and critiques in real-time. The 

use of interactive feedback mechanisms can help establish 

frameworks, allowing for a more robust evaluation of pre-

prints. This aligns with the findings of Weissgerber et al., who 

noted that the overwhelming influx of preprints during the 

pandemic necessitated better monitoring and assessment 

strategies [41]. By leveraging communication tools, research-

ers can create a collaborative environment that not only 

addresses quality concerns but also fosters a culture of trans-

parency and accountability in scientific communication.

Although this study provides valuable insights, there are 

some limitations. One limitation relates to dataset attrition 

bias. A total of 9.7% of peer-reviewed papers and 28.8% of 

preprints were excluded due to incomplete affiliation details, 

despite the use of advanced methods to extract country infor-

mation. This higher exclusion rate for preprints is largely due 

to the preprint system’s reliance on free-format entries for 

affiliations, lacking the standardized format used in peer-re-

viewed papers, which complicates accurate geographic ex-

traction. Additionally, attempts to automate web-API search-

es were hindered by inconsistent author identification. The 

reliance on SCOPUS for peer-reviewed papers and medRxiv 

for preprints may have excluded relevant publications from 

other platforms [42]. English-language queries may have 

missed non-English titles, particularly early COVID-19 stud-

ies from China [43]. Furthermore, the country data were 

based on first authors' affiliations rather than their origin, 

and this study did not analyze time trends or journal impact 

factors, which could further refine the findings. Future re-

search could address these aspects.

Conclusions

The COVID-19 pandemic has clearly demonstrated how in-

equalities in scholarly communication can be exacerbated 

during a global health crisis. While it is unlikely that preprints 

will fully replace peer-reviewed journals in the medical field, 

they have proven to be an important tool in mitigating these 

inequalities. With specific and measurable objectives, collab-

orative efforts can contribute to the development of an inclu-

sive and sustainable scientific communication environment.
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Introduction

Evidence-based medicine (EBM) is an approach to clinical 

decision-making that integrates the best research evidence 

with clinical expertise and patient values, and since the 1990s 

it has become a core competency in medical education [1,2]. 

EBM education is typically structured around five steps: 

formulating clinical questions (PICO), acquiring evidence 
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(literature searching), critical appraisal, application, and 

evaluation of performance. There is international consensus 

that it should not be confined to lectures but linked to clinical 

settings and reinforced longitudinally across the curriculum 

[3].

Korean medical education is undergoing a major transi-

tion. The February 2024 amendment to the Enforcement 

Decree of the Higher Education Act removed the distinction 

between a 2-year premedical and a 4-year medical phase, 

allowing each school to autonomously design an integrat-

ed 6-year curriculum [4]. The accreditation standards of 

the Korean Institute of Medical Education and Evaluation, 

ASK2026, explicitly require evidence-based reasoning and 

decision-making competency (K.2.2.1), basic–clinical verti-

cal integration (K.2.3.2), and modular/spiral design (K.2.1.1) 

[5]. Within this context, it has been argued that EBM should 

be positioned not as knowledge confined to a single course 

but as a longitudinal competency running through the 6-year 

curriculum [6,7].

Despite these institutional demands, systematic nation-

wide data on how Korean medical schools actually organize, 

deliver, and assess EBM are scarce. Although individual 

curricular reform cases have been reported [8,9], surveys 

encompassing the responsible body, timing and hours, in-

clusion of each step, theory–clinical integration, assessment, 

and the barriers and support needs perceived in the field are 

rare.

Therefore, this study surveyed Korean medical schools to 

describe (1) the organizational structure and mode of de-

livery, (2) content and methods by step, (3) theory–clinical 

integration and assessment, (4) barriers and support needs 

of EBM education, and (5) to explore which structural factors 

and characteristics were associated with variation in out-

comes, in order to provide baseline data for future standard-

ization and curricular integration.

Methods

Study Design and Participants
This was a cross-sectional survey to assess the status of EBM 

education in Korean medical schools. With the cooperation 

of the Korean Society for Evidence-Based Medicine and the 

Korean Society of Medical Education, the survey was distrib-

uted to all 40 medical schools nationwide and administered 

via Google Forms.

Survey Instrument
The questionnaire comprised 26 items covering (1) institu-

tional and respondent characteristics; (2) the body governing 

EBM education and the mode, timing, and hours of deliv-

ery; (3) inclusion of content for each EBM step (formulating 

clinical questions, literature searching, critical appraisal, 

clinical practice guidelines, levels of evidence/strength of 

recommendation, and AI-based evidence summarization); 

(4) teaching methods and use of digital/AI tools; (5) theory–

clinical integration and involvement of specialists; (6) assess-

ment methods and reflection in graduation requirements; (7) 

operational difficulties and barriers; and (8) demand for so-

ciety-level support materials and willingness to use external 

materials. Items used a mix of single-choice, multiple-choice, 

and free-text formats. To develop the instrument, a prelimi-

nary status review was conducted with faculty members re-

sponsible for EBM education at several medical schools, and 

the content validity of the items was reviewed by the board of 

directors of the Korean Society for Evidence-Based Medicine

Data Collection and Analysis
Data were collected via an online survey between April 1 

and April 30, 2026. To improve the response rate, an official 

request was made through the Korean Society of Medical Ed-

ucation. Given the small sample size, analyses were primarily 

descriptive (frequencies and percentages), and 95% confi-

dence intervals for key proportions were calculated using the 

Wilson method. For multiple-choice items, the proportion 

selecting each option was calculated using the number of re-

sponding institutions (n=21) as the denominator. To explore 

factors associated with variation in outcomes, EBM gover-

nance was operationalized as “having a dedicated organizing 

unit” and “an integrated methodology–clinical design,” and 

was cross-tabulated with outcome indicators and exogenous 

structural characteristics (class size, establishment type, 

region, and number of tertiary hospitals). For this, the 2026 

admission quota (based on the reversion to the pre-expan-

sion level of 3,058) and the Ministry of Health and Welfare’s 

5th-cycle (2024–2026) designation of tertiary hospitals were 

used as external data, and a sensitivity analysis weighted by 

admission quota was performed in parallel. Fisher’s exact 

test was applied to selected bivariate relationships; however, 

because no correction for multiple comparisons was applied 

and statistical power was limited, p-values were interpreted 

only for hypothesis generation rather than confirmation. Ow-

ing to constraints on sample and event numbers, multivari-

able analysis was not performed. Free-text responses were 

summarized qualitatively.
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Results

Organizational Structure of EBM Education
The respondents were one person per institution responsible 

for or involved in EBM education at each of the 21 schools. 

Eight respondents (38.1%) were medical education leaders 

(e.g., associate dean for education), 7 (33.3%) were course 

directors (e.g., EBM/clinical epidemiology), 5 (23.8%) were 

‘other’, and one (4.8%) was a clinical clerkship director (Table 

1). As of the 2026 academic year, there are 40 medical schools 

in Korea (admission quota 3,058); the 21 responding schools 

represent 52.5% of institutions and 56.8% (1,738/3,058) of 

the admission quota. Response rates were relatively high-

er among national universities (7/10) and schools in the 

Seoul metropolitan area (9/13). All responding institutions 

(21/21, 100%) provided EBM as mandatory education (Table 

2). However, the most common arrangement was having 

no dedicated organizing unit (9 schools, 42.9%), followed 

by a specific department (e.g., preventive medicine, health 

policy and management, biostatistics) in 7 (33.3%), an asso-

ciate-dean-led structure in 4 (19.0%), and a department of 

medical education in 1 (4.8%) (Table 1). The most common 

mode of delivery was as part of an integrated course (10 

schools, 47.6%), followed by integrated methodology–clinical 

teaching (7, 33.3%) and clinical-department-led teaching 

(3, 14.3%). EBM was most often taught in medical years 1–2 

(57.1%) and years 3–4 (38.1%), with early exposure in the pre-

medical phase in only 14.3%. Total instructional hours were 

≥21 hours and 11–20 hours in 33.3% each, whereas ≤10 hours 

also accounted for 33.3%, indicating substantial variation 

across institutions.

Educational Content
Coverage by EBM step was highest for formulating clinical 

questions (PICO, 95.2%) and literature searching (95.2%), 

followed by interpreting levels of evidence/strength of rec-

ommendation (81.0%), critical appraisal of research (76.2%), 

and appraisal/use of clinical practice guidelines (61.9%), 

indicating generally high coverage of the classic EBM steps 

(Table 3). In contrast, only 19.0% included education on 

Table 1. Characteristics of Responding Institutions and Respon-
dents (n=21)

Characteristic Category n (%)
No. of responding institutions 21
Respondent role Medical education leader (e.g., 

associate dean)
8 (38.1)

Course director (EBM/clinical 
epidemiology, etc.)

7 (33.3)

Other 5 (23.8)
Clinical clerkship director 1 (4.8)

Body governing EBM No dedicated unit 9 (42.9)
Specific department (preventive 

medicine, health policy/manage-
ment, biostatistics, etc.)

7 (33.3)

Associate-dean-led 4 (19.0)
Department of medical education 1 (4.8)

Table 2. Organizational Structure of EBM Education (n=21)

Item Category n (%)
Mode of delivery (Q4) Part of an integrated course 10 (47.6)

Integrated methodology–clinical 
teaching

7 (33.3)

Clinical-department-led teaching 3 (14.3)
Other 1 (4.8)

Delivery format  
(Q5, multiple)

Part of an integrated course 14 (66.7)
During clinical clerkship 11 (52.4)
Within research-methods/statis-

tics course
11 (52.4)

Standalone course 6 (28.6)
Timing (Q6, multiple) Medical years 1–2 12 (57.1)

Medical years 3–4 8 (38.1)
Across all years 7 (33.3)
Clinical clerkship 4 (19.0)
Premedical 3 (14.3)

Total hours (Q7) ≥21 hours 7 (33.3)
11–20 hours 7 (33.3)
1–5 hours 4 (19.0)
6–10 hours 3 (14.3)

Mandatory (Q8) Mandatory 21 (100)

Table 3. Inclusion of Content by EBM Step (n=21)

Content Included n (%) Not included n (%) Planned n (%)
Formulating clinical questions (PICO) 20 (95.2) 1 (4.8) –
Literature searching 20 (95.2) 1 (4.8) –
Critical appraisal of research 16 (76.2) 5 (23.8) –
Appraisal/use of clinical practice guidelines 13 (61.9) 8 (38.1) –
Levels of evidence/strength of recommendation 17 (81.0) 4 (19.0) –
AI-based evidence summarization 4 (19.0) 10 (47.6) 7 (33.3)
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AI-assisted evidence summarization and search efficiency, 

while 47.6% did not include it and 33.3% were planning or 

improving its adoption.

Teaching Methods and Assessment
Lecture was the predominant method (90.5%), followed by 

clinical-practice-based EBM activities (52.4%), team-based 

learning (33.3%), and problem-based learning (28.6%), with 

journal clubs used by only 9.5% (Table 4). AI/digital tools 

were not used in the EBM process at 57.1% of institutions. 

Assessment methods (multiple response) were assignments 

(CAT/appraisal, 81.0%), presentations (71.4%), and written 

examinations (47.6%); however, EBM assessment results 

were reflected in graduation requirements or grades at only 

38.1%, and 33.3% did not reflect them.

Theory–Clinical Integration and Personnel
Bedside EBM learning based on actual patient questions 

during clerkship was most often left to preceptor discretion 

(57.1%), with regular or partial implementation in 19.0% each 

(Table 4). Linkage between EBM theory faculty and clinical 

preceptors was based on individual instructors’ efforts in 

47.6% and was reported as not achieved in 33.3%, with only 

19.0% reporting systematic integration within the curriculum. 

Statisticians or information specialists participated partially 

in 81.0% of institutions but always in only 9.5%, and 47.6% 

reported that dedicated EBM personnel were insufficient or 

very insufficient.

Barriers and Support Needs
The greatest operational difficulty was a shortage of in-

structors (76.2%), followed by lack of educational materials 

(28.6%), lack of instructional time (23.8%), and lack of assess-

ment methods (23.8%) (Table 5). The most frequently cited 

barriers were EBM being deprioritized relative to the heavy 

volume of medical knowledge (52.4%) and low awareness of 

the necessity of EBM within the curriculum (52.4%), followed 

by insufficient clinical faculty EBM teaching capacity (lack of 

role modeling, 42.9%). Materials considered helpful if pro-

vided by a society included a standardized EBM curriculum 

guide (90.5%), faculty development programs (train-the-

trainer [TTT], 76.2%), shared online modules (66.7%), CAT 

templates/cases (57.1%), and assessment rubrics (52.4%); 

willingness to use externally developed materials was 100%.

Table 4. Teaching Methods, Assessment, and Theory–Clinical 
Integration (n=21)

Item Category n (%)
Teaching methods 

(Q15, multiple)
Lecture 19 (90.5)
Clinical-practice-based EBM 

activities
11 (52.4)

Team-based learning (TBL) 7 (33.3)
Problem-based learning (PBL) 6 (28.6)
Journal club 2 (9.5)

AI/digital tools (Q16) Not used 12 (57.1)
Used (LLM, SR automation, etc.) 9 (42.9)

EBM during clerkship 
(Q17)

Left to preceptor discretion 12 (57.1)
Conducted regularly 4 (19.0)
Conducted partially 4 (19.0)
Rarely 1 (4.8)

Theory–clinical inte-
gration (Q18)

Based on individual instructors’ 
efforts

10 (47.6)

Not integrated 7 (33.3)
Systematically integrated in cur-

riculum
4 (19.0)

Assessment methods 
(Q20, multiple)

Assignment (CAT, appraisal) 17 (81.0)
Presentation 15 (71.4)
Written examination 10 (47.6)

Reflected in gradua-
tion/grades (Q21)

Yes 8 (38.1)
Partially 6 (28.6)
No 7 (33.3)

Table 5. Personnel, Barriers, and Support Needs (n=21)

Item Category n (%)
Adequacy of dedicated 

personnel (Q22)
Moderate 10 (47.6)
Insufficient 9 (42.9)
Very insufficient 1 (4.8)
Sufficient 1 (4.8)

Operational difficulties 
(Q23, multiple)

Shortage of instructors 16 (76.2)
Lack of educational materials 6 (28.6)
Lack of instructional time 5 (23.8)
Lack of assessment methods 5 (23.8)
Low student interest 2 (9.5)

Barriers (Q24, multiple) EBM deprioritized amid heavy 
content load

11 (52.4)

Low awareness of EBM’s necessity 11 (52.4)
Insufficient clinical faculty capacity 

(lack of modeling)
9 (42.9)

Inadequate IT environment for EBM 
practice

4 (19.0)

Desired society support 
(Q25, multiple)

Standardized EBM curriculum 
guide

19 (90.5)

Faculty development program (TTT) 16 (76.2)
Shared online modules 14 (66.7)
CAT templates/cases 12 (57.1)
Assessment rubrics 11 (52.4)

Willingness to use 
external resources  
(Q26, multiple)

Willing to use materials 21 (100)
Willing to use programs 9 (42.9)
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Governance-Centered Exploration of Structural Fac-
tors (Exploratory)
Because the small sample precluded confirmatory testing 

and causal inference, the relationships between structural 

factors and outcomes were analyzed descriptively and ex-

ploratorily. The following results reflect co-occurrence and 

should be interpreted as hypothesis-generating.

Operationalizing governance. EBM governance was oper-

ationalized as “having a dedicated unit” (Table 1) and “an in-

tegrated methodology–clinical design” (Table 2); institutions 

with at least one of these were classified as having strong 

governance (15 schools), and those with neither as weak gov-

ernance (6 schools).

Outcomes differed by the presence of governance. Key out-

come indicators differed by strong versus weak governance 

(Table 6). Systematic theory–clinical integration (27% vs. 

0%), inclusion of clinical practice guidelines (80% vs. 17%), 

reflection in graduation/grades (47% vs. 17%), and EBM 

conducted during clerkship (47% vs. 17%) were all higher in 

the strong-governance group, as was mean content coverage 

(4.60 vs. 2.83). Inclusion of the most basic step (PICO) was 

high in both groups (100% vs. 83%, near a ceiling effect), 

whereas higher-order steps such as critical appraisal (87% 

vs. 50%) and clinical practice guidelines were higher in the 

strong-governance group. Adding clinical faculty involve-

ment as an additional axis (reverse-coded from the perceived 

lack of modeling) did not clearly differentiate outcomes; 

however, because this proxy is an indirect, subjective mea-

sure, whether its weak discrimination reflects a true null or a 

measurement limitation cannot be determined.

Governance was not explained by exogenous structural 

characteristics. We explored whether the distribution of 

governance was associated with schools’ exogenous struc-

tural characteristics (Table 7). Admission quota (small 86%, 

medium 67%, large 62%), establishment type (national 57%, 

private 79%), region (metropolitan 78%, non-metropolitan 

67%), or number of tertiary hospitals (0: 50%, 1: 67%, ≥2: 

86%) did not showed a consistent association with the pro-

portion having strong governance. If anything, class size was 

weakly inverse, with a lower mean admission quota in the 

strong-governance group (78.8) than in the weak-governance 

group (92.7). In a quota-weighted sensitivity analysis of re-

sponding institutions, the distribution of structural factors 

was likewise independent of school size (weighted vs. un-

weighted differences mostly within ±2 percentage points). 

The number of tertiary hospitals was weakly associated with 

some clinical-application indicators such as clinical practice 

guidelines but was unrelated to systematic integration.

In summary, variation in EBM education appeared more 

related to governance (organization)—a dedicated unit 

and an integrated design—than to educational content or a 

school’s outward size, clinical infrastructure, establishment 

type, or region. However, these are exploratory, correlational 

observations from a small cross-sectional dataset, and the 

question of what shapes governance cannot be resolved with 

these data.

Table 6. Key Outcome Indicators by EBM Education Gover-
nance (n/N, %) — Exploratory Descriptive Analysis

Outcome indicator
Strong governance 

(n=15)
Weak governance 

(n=6)
Systematic theory–clinical 

integration
4/15 (27) 0/6 (0)

Inclusion of clinical practice 
guidelines

12/15 (80) 1/6 (17)

Reflected in graduation/grades 7/15 (47) 1/6 (17)
EBM conducted during clerk-

ship
7/15 (47) 1/6 (17)

Inclusion of critical appraisal 13/15 (87) 3/6 (50)
Inclusion of clinical questions 

(PICO)
15/15 (100) 5/6 (83)

Content coverage (0–5, mean) 4.60 2.83
No. of teaching methods 

(mean)
2.40 1.83

Strong governance = having a dedicated unit or an integrated method-
ology–clinical design (15 schools); weak = neither (6 schools). Values 
are the number of institutions meeting the indicator / total within the 
subgroup (%). Because of the small sample, confidence intervals are 
wide; results are exploratory and cannot be interpreted causally.

Table 7. Proportion with Strong Governance by Exogenous 
Structural Characteristics (N/N, %) — Exploratory Descriptive 
Analysis

Exogenous characteristic Category
Strong governance 

n/N (%)
Admission quota (2026) Small (≤49) 6/7 (86)

Medium (50–99) 4/6 (67)
Large (≥100) 5/8 (62)

Establishment type National 4/7 (57)
Private 11/14 (79)

Region Seoul Metropolitan Area 7/9 (78)
Non-metropolitan 8/12 (67)

No. of tertiary hospitals None (0) 1/2 (50)
1 8/12 (67)
≥2 6/7 (86)

Mean admission quota was 78.8 in the strong-governance group vs. 92.7 
in the weak-governance group. Admission quota is based on the 2026 
academic year (reverted to 3,058); tertiary (advanced general) hospitals 
are based on the MOHW 5th-cycle (2024–2026) designation. No exoge-
nous characteristic showed a consistent association with the proportion 
having strong governance (exploratory, not causal).
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Discussion

This cross-sectional survey of 21 Korean medical schools 

found that, although EBM education is universally manda-

tory, substantial unevenness exists in operational infrastruc-

ture, theory–clinical integration, faculty capacity, assessment, 

and AI integration.

First, EBM education showed a “universal but structurally 

fragile” pattern. All institutions offered EBM as mandato-

ry and coverage of basic steps such as PICO and literature 

searching was high, yet 42.9% operated without a dedicated 

unit and delivery was often integrated and dispersed. This 

suggests that although EBM has become established as 

content, the governance responsible for coordinating it re-

mains immature. Given that ASK2026 requires a designated 

integrated-education lead faculty member and an education 

committee as the operating body of the integrated curricu-

lum [5], clarifying the organizational responsibility for EBM is 

a priority.

Second, vertical integration linking theory and clinical 

practice emerged as the weakest point. That bedside EBM 

depended on preceptor discretion (57.1%) and that only 

19.0% reported systematic theory–clinical integration indi-

cate a disconnect in which EBM remains as early-year meth-

odology teaching and fails to extend to the clinical setting. 

This reveals a gap between practice and both ASK2026’s re-

quirement for basic–clinical vertical integration (K.2.3.2) and 

proposals to place EBM as a longitudinal spiral track in the 

integrated 6-year curriculum [6,7].

Third, the absence of faculty capacity and role modeling 

was a key barrier. A shortage of instructors was the greatest 

operational difficulty (76.2%), insufficient clinical faculty 

EBM teaching capacity (42.9%) was cited as a major barrier, 

and demand for faculty development programs (TTT) was 

high (76.2%). Given the importance of faculty who practice 

EBM at the bedside as role models for students’ EBM atti-

tudes, developing EBM teaching skills for clinical faculty is 

needed.

Fourth, integration of AI/digital tools remained at an early 

stage. More than half (57.1%) did not use AI tools and AI-

based evidence summarization was included in only 19.0%, 

although 33.3% reported planning or improving its adoption. 

As the use of large language models in evidence retrieval and 

summarization spreads, education should address both the 

efficiency of use and a critical stance toward the verification, 

accountability, and limitations of evidence.

Fifth, demand for society-level standardization support 

was virtually unanimous. Demand for a standardized curric-

ulum guide (90.5%) and willingness to use external materials 

(100%) were especially high, indicating that, rather than rely-

ing on individual schools’ capacity, provision by relevant so-

cieties of standardized curricula, assessment rubrics, shared 

online modules, and faculty development programs would 

meet field needs.

Sixth, when structural factors were reanalyzed with a focus 

on governance, key outcomes (systematic integration, clinical 

practice guidelines, reflection in assessment, and clerkship 

EBM) differed by the presence of governance operationalized 

as a dedicated unit and an integrated design. In contrast, ex-

ogenous structural characteristics such as class size, number 

of tertiary hospitals, establishment type, and region showed 

no clear association with the distribution of governance or 

with outcomes, and class size was even weakly inverse [10]. 

This suggests that variation in EBM education may be more 

related to organizing EBM under clear responsibility and an 

integrated design than to educational content or outward 

resource size; that is, larger or more clinically resourced 

institutions did not necessarily have better-organized EBM 

education. However, these are exploratory, correlational ob-

servations from a small cross-sectional dataset and cannot 

serve as a basis for causal inference or for identifying the de-

terminants of governance.

Limitations
This study has several limitations. First, 21 of the 40 Korean 

medical schools responded, covering 56.8% of the nation-

al admission quota; however, because national and Seoul 

metropolitan area schools responded at relatively higher 

rates, non-response bias cannot be excluded. Second, the 

small sample and subgroup sizes (e.g., only 6 schools in the 

weak-governance group) yield wide confidence intervals and 

limited statistical power; therefore, the governance and exog-

enous-characteristic analyses were exploratory and hypoth-

esis-generating, without correction for multiple comparisons 

or multivariable modeling. Third, governance and clinical 

faculty involvement were indirectly operationalized from 

questionnaire items and thus have measurement limitations, 

and the determinants of governance could not be identified. 

Fourth, the study relied on a single self-reported respondent 

per institution, and its cross-sectional design precludes caus-

al or temporal inference. Future multi-institution, multi-re-

spondent studies combining curricular document analysis 

and student outcome measures are needed.

EBM education in Korean medical schools is largely estab-

lished in terms of content, being universally mandatory with 

high coverage of the classic core steps. However, substantial 

variation exists across institutions in dedicated organiza-

tion, theory–clinical vertical integration, faculty capacity, 
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meaningful reflection in assessment, and AI integration. In 

exploratory analysis, this variation was associated with the 

presence of governance (a dedicated unit and an integrat-

ed design) and was not explained by exogenous structural 

characteristics such as class size, clinical infrastructure, es-

tablishment type, or region. This suggests that the quality of 

EBM education may be more related to organization than to 

resource size. During the transition to the integrated 6-year 

curriculum and ASK2026, it will be important to redesign 

EBM as a longitudinal competency running through the 

6-year curriculum and to provide, at the society level, sup-

port for organization (dedicated responsibility structures and 

integrated design) alongside standardized curricula, assess-

ment tools, and faculty development. However, as a small 

cross-sectional survey, this study cannot establish causality.
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Background: Large language model (LLM)–based tools are increasingly used to automate risk-of-bias assessment of randomized con-
trolled trials with the revised Cochrane tool (RoB 2.0). However, their reproducibility, their accuracy, and their fidelity to the deterministic 
algorithm mapping signalling-question responses to domain judgments remain unclear. 
Methods: In a conference workshop, participants used an identical prompt and tool versions to assess one RCT with three configura-
tions and entered each tool’s output verbatim (13, 15, and 10 runs). One experienced reviewer’s assessment served as the reference. 
For each run we computed run-to-run reproducibility, agreement with the expert, and conformance between the tool’s stated domain 
judgment and the judgment implied by applying the RoB 2.0 algorithm to that run’s own signalling answers.
Results: All configurations showed substantial run-to-run variability under identical conditions, greatest in the conditionally complex do-
main 2 (Gemini pairwise agreement 0.34). Expert agreement varied widely across configurations (mean 5–60%), and one configura-
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Recomputing domain judgments from the signalling answers improved expert agreement for the general-purpose configurations.
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Introduction

Risk-of-bias assessment of randomized controlled trials 

(RCTs) is a core step in systematic reviews and in judging the 

certainty of evidence (GRADE). The revised Cochrane tool, 

RoB 2.0, has a hierarchical structure: reviewers answer struc-

tured signalling questions across five domains, map those 

answers to a domain-level judgment (low, some concerns, 

high) via a formal algorithm, and then combine the domain 

judgments into an overall judgment [1,2]. This process de-

mands substantial time and judgment even from trained as-

sessors and is a bottleneck in large reviews [3,4].

To reduce this burden, automation with large language 

models (LLMs) has been explored. Following early systems 

such as RobotReviewer, purpose-built RoB 2.0 tools that 

combine document retrieval, LLM prompting, and human 

review—such as ROBoto2—have recently been proposed 

[5,6]. However, LLMs generate probabilistic output and may 
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respond differently to identical input across runs, and sys-

tematic biases arising from alignment training have been 

reported. How these characteristics affect the reproducibility 

and accuracy of a task such as RoB 2.0 assessment, which re-

quires multi-step conditional logic and deterministic aggre-

gation, has not been well studied.

Using a design in which a single RCT article was repeat-

edly assessed with an identical prompt and identical tool 

versions, we quantified (1) run-to-run reproducibility, (2) ac-

curacy relative to an expert reference, and (3) conformance 

to the algorithm mapping signalling answers to domain judg-

ments. We further examined whether recomputing domain 

judgments from a tool’s own signalling answers improves 

accuracy. We studied three configurations that provide the 

manual in different ways (full manual in-context, manual via 

retrieval, and a purpose-built pipeline); rather than ranking 

these approaches, we focused on characterizing the variabili-

ty common to all and the error patterns specific to each.

Methods

Study Design and Data
At a workshop session of the 3rd conference of the Korean 

Society for Evidence-Based Medicine, participants used an 

identical prompt and identical versions of three LLM-based 

configurations—general-purpose Gemini, a custom Gemi-

ni Gem, and ROBoto2 (Roboto)—to assess one RCT article 

immediately, entering each tool’s output (signalling-ques-

tion responses and domain judgments) verbatim. Thirteen, 

fifteen, and ten independent assessments were collected, 

respectively (Table 1). Because the prompt, tool, and target 

article were fixed, differences across repeated assessments 

reflect each configuration’s run-to-run variability.

The three configurations differed in how the RoB 2.0 man-

ual (the detailed tool guidance from the official website) 

was delivered, and in architecture. Gemini (general) and 

Gemini Gems used the same base model, the same manu-

al, and the same prompt, differing only in manual delivery: 

Gemini (general) had the full manual pasted into the chat 

context so that the entire manual was continuously available 

to the model, whereas Gemini Gems attached the manual 

as reference knowledge in a custom Gem. A Gem’s reference 

knowledge is handled by retrieval-augmented generation 

(RAG), surfacing only passages relevant to each query. Ro-

boto (ROBoto2) is a purpose-built RoB 2.0 pipeline that 

combines document retrieval and LLM prompting with the 

official flowchart aggregation logic. The three configurations 

thus correspond to full-manual-in-context, manual-via-RAG, 

and a purpose-built pipeline; our aim was not to rank these 

approaches but to characterize the variability and error pat-

terns arising in each.

One experienced reviewer’s assessment served as the 

reference. During initial cross-checking, three transcription 

errors in the expert’s entries (signalling questions 3.3, 5.1, 5.2) 

were detected via an algorithm-conformance check and cor-

rected; after correction, the expert’s assessment matched the 

algorithm-implied judgment in all five domains (Table 1).

RoB 2.0 Algorithm Implementation
We implemented in code the RoB 2.0 algorithm mapping 

signalling answers to domain judgments. Domains 1, 2, and 

5 were fixed using the official guidance decision tables [2]. 

For domains 3 and 4, the signalling-question structure differs 

between the 2016 draft and the 2019 final version (the 2016 

domain 3 has three questions and domain 4 two, whereas the 

2019 final version has four and five, respectively); because 

our data and the studied tools use the 2019 final structure, 

we encoded accordingly, and the expert reference matching 

all five domains provided empirical validation. Typographic 

variants of the domain-judgment labels were standardized at 

the analysis stage (raw data unchanged).

Analysis Metrics
Reproducibility. Run-to-run reproducibility per domain was 

quantified with the Simpson pairwise-agreement index (Σpi2; 
the probability that two randomly drawn assessments give 

the same judgment) and normalized Shannon entropy.

Accuracy. The agreement between each tool’s domain 

judgment and the expert reference was computed per do-

main.

Table 1. Study Sample and Configurations

Configuration Runs (n) Domain-judgment source Manual delivery
Gemini (general) 13 LLM-generated Full manual in-context
Gemini Gems 15 LLM-generated Manual as RAG knowledge (Gem)
Roboto (ROBoto2) 10 Algorithm (flowchart), as designed Purpose-built RoB 2.0 pipeline
Expert reference 1 Human judgment Algorithm-conformant (5/5, verified)
LLM, large language model; RAG, retrieval-augmented generation. Roboto is designed to produce judgments by applying the official flowchart to the 
signalling answers.
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Algorithm conformance and skip-logic. For each run, we 

computed the agreement between the judgment implied by 

applying the algorithm to that run’s own signalling answers 

and the judgment the tool actually entered. We also counted 

violations of the skip-logic by which subsequent questions 

should be marked “not applicable” depending on earlier an-

swers.

Recomputation. Setting aside the tool’s entered judgment, 

we recomputed the judgment by applying the algorithm to 

each tool’s own signalling answers and evaluated the change 

(Δ) in expert agreement.

Statistical Analysis
All analyses were descriptive, consistent with the pilot nature 

of the study. Domain judgments were coded ordinally (low = 

0, some concerns = 1, high = 2). Run-to-run reproducibility 

was quantified with the Simpson pairwise-agreement index 

(Σpi2; closer to 1 indicates greater consistency) and normal-
ized Shannon entropy (0 = complete agreement, 1 = maxi-

mum dispersion). Because the design is repeated measure-

ment of a single result (one article), Cohen and Fleiss kappa 

(κ), which presuppose multiple assessment targets, are by 
definition inappropriate and were not used.

Accuracy relative to the expert and algorithm confor-

mance were computed as domain-level percent agreement. 

Skip-logic violations were summarized as the number of vio-

lations per run and the proportion of runs with ≥1 violation. 

The recomputation effect was expressed as the change (Δ) 

obtained by subtracting the expert agreement of the tool’s 

entered judgment from the expert agreement of the judg-

ment recomputed from the signalling answers.

To convey the precision of the per-configuration summa-

ry estimates (five-domain means of reproducibility, expert 

agreement, and conformance), 95% confidence intervals 

(CIs) were obtained by nonparametric bootstrap (2,000 re-

samples, percentile method) resampling runs within each 

configuration. Formal hypothesis testing of between-config-

uration differences was not performed, to avoid over-inter-

pretation given the single-target, small-sample pilot design. 

All analyses were performed in Python (pandas, numpy).

Results

Run-to-Run Reproducibility
Despite identical conditions, all three configurations showed 

substantial run-to-run variability. The five-domain mean 

pairwise agreement was 0.76 (95% CI 0.72–0.86) for Roboto, 

0.66 (0.61–0.77) for Gems, and 0.59 (0.57–0.69) for Gemini 

(general) (Table 2; Fig. 1a). Variability differed markedly by 

domain, being greatest in the conditionally complex domain 

2, where Gemini’s pairwise agreement of 0.34 approached 

chance and Roboto’s was 0.42. Domains 1 and 5, with simpler 

signalling-question structures, were comparatively stable.

Accuracy Relative to the Expert Reference
Agreement with the expert reference (domain 1 = some con-

cerns; domains 2–5 = high) varied widely across configura-

tions (five-domain means: Roboto 60%, Gemini 24%, Gems 

5%; bootstrap 95% CIs 50–70%, 14–35%, 1–11%, respectively; 

Table 2). In particular, Gems combined moderate reproduc-

ibility with only 5% expert agreement, reflecting a tendency 

to rate most domains as low risk and thus diverging system-

Fig. 1. (a) Run-to-run reproducibility (pairwise agreement) by domain. (b) Proportion of runs with ≥1 skip-logic (cascade) violation, 
by configuration.
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Table 2. Domain- Level Reproducibility and Agreement with 
The Expert Reference, by Configuration

Domain
Gemini Gems Roboto

Repro. Agree. Repro. Agree. Repro. Agree.
D1 0.86 8% 0.77 13% 1.00 0%
D2 0.34 38% 0.61 0% 0.42 40%
D3 0.38 38% 0.58 7% 0.54 70%
D4 0.38 38% 0.48 7% 1.00 100%
D5 1.00 0% 0.88 0% 0.82 90%
Mean 0.59 24% 0.66 5% 0.76 60%

Repro., run-to-run reproducibility (Simpson pairwise agreement, 0–1; 
higher = more consistent). Agree, percent agreement of the domain 
judgment with the expert reference. D1–D5 = domains 1–5.

Fig. 2. Reproducibility (x-axis) versus accuracy relative to the 
expert reference (y-axis) for each configuration and domain. 
The upper-right region is ideal; the lower-right region (“repro-
ducibly inaccurate”) is the most concerning.

Table 3. Algorithm Conformance, Skip-Logic Violations, and Recomputation Effect, by Configuration

Configuration Conformance (mean) Runs with ≥1 violation Violations/run Recompute Δ (mean)
Gemini (general) 43% 69% 2.5 +0.34
Gemini Gems 51% 80% 2.9 +0.24
Roboto 60% 100% 4.3 Uninterpretable*
Expert reference 100% 0% 0 —
Conformance, proportion of runs in which the entered judgment matched the value implied by the run’s own signalling answers (five-domain 
mean). *For Roboto the recomputation effect is not interpretable because of answer–judgment decoupling (see Results 3.4).

atically from the expert’s high-risk judgments. Reproduc-

ibility (precision) and accuracy (closeness to the reference) 

were thus independent, and Gems showed a “reproducibly 

under-rating” directional bias (Fig. 2).

Algorithm Conformance and Internal Consistency
Although the mapping from signalling answers to judgments 

is deterministic, stated judgments frequently diverged from 

the implied values even in domains with fully specified offi-

cial tables. Conformance was 68% for domain 1 and 42% for 

domain 2 (mean across configurations); Gems was as low as 

27% in domain 2 and 13% in domain 4, whereas the expert 

reference matched in 100% of both domains (Table 3). The 

five-domain mean conformance was 43% (95% CI 29–58%) 

for Gemini, 51% (39–63%) for Gems, and 60% (40–78%) for 

Roboto. This is an error source distinct from stochastic vari-

ability, indicating that tools generate plausible signalling an-

swers yet fail to faithfully execute the fixed aggregation rule.

Skip-logic conformance also revealed structural problems. 

The proportion of runs with ≥1 violation was 69% (mean 2.5 

per run) for Gemini, 80% (2.9) for Gems, and 100% (4.3) for 

Roboto; the expert reference had none (Fig. 1b). Roboto in 

particular violated the skip-logic in every run, producing an-

swers to all subsequent questions regardless of the preceding 

results. Moreover, in Roboto some entered judgments did 

not follow from the tool’s own answers; for example, a run 

answering “no information” to all three signalling questions 

of domain 1 had an entered judgment of “low risk,” which no 

correct algorithm can yield when all answers are “no infor-

mation” (the official rule gives “some concerns”). Because 

participants transcribed the tool’s output verbatim, this indi-

cates that the judgment displayed by the tool was not coher-

ent with the answers it displayed—i.e., the answer–judgment 

link was broken at the tool level.

Effect of Recomputing Judgments from Signalling 
Answers
Setting aside the tool’s entered judgment, we recomputed 

the domain judgment by applying the algorithm to each 

tool’s own signalling answers and assessed the change in 

expert agreement. For the two general-purpose configura-

tions, whose judgments are generated directly by the LLM, 

recomputation clearly improved accuracy. Gemini improved 

in all five domains (mean Δ +0.34; domain 4 +0.54, domain 2 

+0.39), and Gems improved substantially in domains 1, 2, and 
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4 (domain 4 +0.66, domain 2 +0.40; Fig. 3). This suggests that 

these configurations’ errors arise mainly at the aggregation 

step rather than in the signalling answers themselves, with the 

largest gains in the conditionally complex domains 2 and 4.

For Roboto, recomputation tended to lower expert agree-

ment (domains 3, 4, 5), but this result requires caution. Be-

cause Roboto’s domain judgment is by design produced by 

applying the official flowchart to the signalling answers, the 

very fact that recomputation changes the judgment reflects 

the answer–judgment decoupling described above. The 

premise of the recomputation comparison therefore does 

not hold for this tool, and its recomputation effect is not an 

interpretable quantity; accordingly, the finding of improved 

accuracy through recomputation holds only for the configu-

rations that generate judgments directly.

Discussion

This pilot study, using a repeated-assessment design under 

identical conditions, identified three limitations of current 

LLM-based RoB 2.0 assessment.

First, structural limitation. The tools did not faithfully 

execute RoB 2.0’s conditional logic and deterministic ag-

gregation. Skip-logic violations were pervasive (Roboto vi-

olated them in every run), and even in domains with a fully 

specified official algorithm, entered judgments frequently 

diverged from the value implied by the tool’s own answers. 

This reveals a deficit in executing multi-step rules as speci-

fied, separate from the ability to generate answers. Notably, 

Gemini (general) and Gemini Gems were given the same 

official manual yet showed low conformance and accuracy, 

indicating that the limitation is not a matter of access to the 

criteria but of faithfully executing the deterministic multi-

step logic.

Second, stochastic variability. Judgments scattered across 

runs despite identical input, especially in conditionally com-

plex domains (near chance in domain 2). This is a serious con-

straint for an assessment tool that requires reproducibility.

Third, systematic directional bias. The general-purpose 

configurations here under-rated risk (Gems expert agree-

Fig. 3. Change in expert agreement (Δ) when domain judgments are recomputed from each tool’s own signalling answers. Positive 
values indicate improvement (aggregation error); negative values indicate worsening. For Roboto the negative values reflect an-
swer–judgment decoupling and are of limited interpretability.
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ment 5%). The direction of bias, however, depends on the 

tool and its tuning; a purpose-built pipeline has conversely 

been reported to be overly conservative [5]. It is therefore 

more appropriate to say that a systematic directional bias 

exists and that its direction differs across tools, rather than to 

generalize a single “optimistic bias.”

Although differing in approach, all three configurations 

showed substantial run-to-run variability and errors, with 

somewhat different problem profiles. The configuration pro-

viding the full manual in-context (Gemini) had large variabil-

ity in complex domains and frequently failed at the step of 

aggregating answers into judgments. The configuration pro-

viding the same manual as RAG reference knowledge (Gems) 

showed a pronounced tendency to under-rate risk, consis-

tent with weaker grounding when only selected passages are 

surfaced. The purpose-built pipeline (Roboto) had relatively 

higher reproducibility and accuracy in some domains but 

showed structural incoherence—violating the skip-logic in 

every run and displaying judgments that did not follow from 

its answers. In short, no approach was free of variability and 

error, and each had its own characteristic weakness.

The implication of this study therefore does not lie in rank-

ing a particular delivery mechanism or architecture. The key 

point is that, whatever tool is used in the future, its charac-

teristic behavior, variability, and typical error patterns must 

be adequately recognized and anticipated. When adopting 

LLM-based RoB assessment, rather than trusting a tool with-

out verification, checking variability through repeated assess-

ment, verifying the consistency between signalling answers 

and judgments (algorithm conformance), and combining 

human review with algorithmic aggregation should be stan-

dard safeguards.

These findings have practical implications. As the recom-

putation analysis showed, much of the error in general-pur-

pose configurations arises not in the signalling answers 

themselves but in the composite step of aggregating them 

into judgments. Rather than delegating composite, multi-

step judgments to the tool, a hybrid approach in which the 

tool performs only atomic (single) signalling judgments 

while the deterministic aggregation is handled algorithmical-

ly (in code) may improve both accuracy and reproducibility. 

Indeed, recomputation from signalling answers alone sub-

stantially improved domain accuracy for the general-purpose 

configurations.

Some limitations (the accuracy of the signalling answers) 

are expected to improve as model capability advances. 

However, stochastic variability and the faithful execution of 

deterministic multi-step logic are more robustly addressed 

by architectural design—separating human-in-the-loop re-

view from algorithmic aggregation—than by awaiting larger 

models. In addition, our algorithm-conformance check func-

tioned as a data-quality audit, detecting three transcription 

errors in the expert reference.

Limitations
This is a pilot, hypothesis-generating study based on a single 

article, a single expert reference, and three configurations (38 

assessments in total); generalization requires caution. Given 

the single-target repeated-measures design, kappa indices 

were not applied, and the results are specific to particular 

tool versions and time points. The precise cause of Roboto’s 

answer–judgment decoupling (implementation, defaults, or 

display) requires further examination of the tool itself. Larger 

studies with multiple articles, multiple experts, and various 

tools and versions are warranted.

Conclusion

Regardless of delivery mechanism or architecture, current 

LLM-based RoB 2.0 assessment showed stochastic variabil-

ity, structural non-conformance to deterministic logic, and 

tool-dependent directional bias, with a distinct error profile 

for each approach. Although these limitations will be gradu-

ally mitigated as AI capability improves, at present the char-

acteristics and variability of whatever tool is used must be 

heeded. Rather than delegating composite judgments to the 

tool, it is preferable to focus on the accuracy of single judg-

ments and to combine algorithmic aggregation with human 

review.
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Background: Patient values and preferences are important in clinical practice guideline development, but responses indicating reli-
ance on physician judgment may be difficult to interpret. We examined whether such reliance can coexist with explicit preferences 
about treatment outcomes and trade-offs.
Methods: We conducted an exploratory secondary analysis of a 22-item cross-sectional survey completed by 14 adults with anal can-
cer recruited from four hospitals during guideline development. The survey assessed decision-making participation, responses to spe-
cific clinical scenarios, rankings of six treatment goals, and treatment-acceptance thresholds. Ten scenario items included the option “I 
would follow my treating physician’s judgment.” Analyses were descriptive and emphasized within-participant response patterns.
Results: Ten participants (71.4%) generally preferred shared decision-making, yet 11 selected physician judgment in at least one sce-
nario. All 11 completed a full ranking of treatment goals, and 9 completed both trade-off threshold items. Among seven participants 
who relied on physician judgment for salvage treatment, all completed the ranking and six completed both thresholds; five required at 
least a 20% survival improvement to accept surgery resulting in a permanent stoma. Although permanent stoma ranked fourth among 
six goals overall, 11 of 13 respondents required at least a 20% survival improvement to accept such surgery.
Conclusions: Reliance on physician judgment did not necessarily indicate an absence of patient preferences. Guideline-related prefer-
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Introduction

Clinical practice guideline recommendations are intended to 

reflect not only the best available evidence but also the val-

ues patients place on the benefits, harms, and other conse-

quences of the available options. The Grading of Recommen-

dations Assessment, Development and Evaluation (GRADE) 

Evidence to Decision framework therefore treats the values 

placed on important outcomes, including variability or un-

certainty in those values, as a distinct consideration when 

moving from evidence to recommendations [1]. Guidance on 

incorporating patient values and preferences into guideline 

development similarly emphasizes eliciting the relative im-

portance patients assign to health outcomes [2].

This concept is related, but not identical to, the role a 

patient wishes to play in decision-making. Shared deci-

sion-making involves information exchange, deliberation, 

and elicitation of patient preferences, but patients may 

differ in how much control they want over the final choice 

[3,4]. Preferences for decisional control can also vary across 

clinical contexts. Scenario-based research has shown that a 

general preference for an active, shared, or physician-led role 

does not necessarily predict the role preferred in a specific 

decision [5], and studies in cancer care have found that deci-

sion characteristics influence whether decisions are patient 

controlled, shared, or physician controlled [6]. Patients may 

also value participation and information while still placing 

substantial weight on a clinician’s recommendation [7].

These distinctions create an interpretive problem for 

guideline developers. When a patient responding to a val-

ues-and-preferences survey selects “I would follow my 

treating physician’s judgment,” the response may be inter-

preted as indicating no preference, uncertainty, or inability 

to choose between options. However, the same patient may 

have clear views about which outcomes matter, harms they 

wish to avoid, or the magnitude of benefit or risk that would 

make a treatment acceptable. Treating reliance on physician 

judgment as equivalent to an absence of values may there-

fore discard information that is directly relevant to recom-

mendation development.

A second measurement issue is that “outcome preference” 

itself can be elicited in different ways. Asking patients to rank 

outcomes in general identifies their relative priorities, where-

as asking how much benefit or harm they would accept in a 

specific clinical choice elicits a contextual trade-off. These 

forms of preference information may be related but need not 

be interchangeable. This distinction is especially relevant to 

guideline development, where judgments about the balance 

of desirable and undesirable effects depend not only on 

whether an outcome is important but also on how patients 

value the magnitude of competing consequences.

Anal cancer provides a useful clinical context in which to 

examine these issues because management includes deci-

sions with markedly different purposes and trade-offs, in-

cluding screening in high-risk groups, staging and response 

assessment, radiation dose and systemic therapy, local 

excision in selected early-stage disease, and salvage surgery 

that may result in a permanent stoma [8-10]. During the 

development of an anal cancer clinical practice guideline, 

we conducted a patient values-and-preferences survey that 

included a general question about preferred decision-mak-

ing participation, multiple scenario-specific items, rankings 

of treatment goals, and treatment-acceptance thresholds. 

Using these data, the present exploratory analysis examined 

whether reliance on physician judgment in specific scenarios 

could coexist with explicit outcome priorities and trade-off 

preferences, and whether these different forms of preference 

information should be interpreted separately in guideline 

development.

Methods

Study design and participants
This study was an exploratory secondary analysis of cross- 

sectional survey data on patient values and preferences col-

lected during the development of a clinical practice guide-

line for anal cancer. Eligible participants were adults aged 

19 years or older who had been diagnosed with and treated 

for anal cancer at one of four participating hospitals: Korea 

University Anam Hospital, Soonchunhyang University Hos-

pital Cheonan, the Catholic University of Korea Uijeongbu St. 

Mary’s Hospital, and Dongguk University Hospital. The sur-

vey was conducted from February 11 to July 27, 2026. Eligible 

patients who visited the participating hospitals during the 

survey period were approached in the outpatient setting, and 

the questionnaire was administered face-to-face by an out-

patient-clinic nurse. A total of 14 patients participated. Given 

the rareness of anal cancer and practical constraints on re-

cruitment, convenience sampling was used. The analysis was 

designed to describe within-participant response patterns 

rather than to test a prespecified statistical hypothesis or esti-

mate population proportions with precision.

Survey instrument
The survey consisted of 22 items: four items on demographic 

and clinical characteristics, two general items on the pre-

ferred decision maker and priorities among treatment goals, 

and 16 items corresponding to key questions in the anal 
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cancer clinical practice guideline. Major clinical scenarios 

included screening in high-risk populations; additional 

FDG-PET/CT for staging; timing and use of magnetic reso-

nance imaging for treatment-response assessment; radiation 

dose in early anal cancer; factors considered when selecting 

chemotherapy; local excision versus chemoradiotherapy for 

stage I anal cancer; and salvage treatment for suspected re-

sidual cancer.

General decision-making participation was assessed using 

four response options: “It is best for the physician to make 

all decisions,” “It is best for the physician and me to discuss 

and decide together,” “It is best to discuss with my family and 

follow my family’s opinion,” and “It is best for me to make all 

decisions.” Participants were also asked to rank six treatment 

goals from most to least important: cure, symptom relief, 

quality of life, duration of time during which usual activities 

could be maintained, treatment-related adverse effects, and 

whether a permanent stoma would be required. Lower rank 

values therefore indicated greater importance.

For each clinical scenario item, expected benefits and 

harms were presented before the patient selected a response. 

Ten of the 22 items included the option “I would follow my 

treating physician’s judgment.” For this secondary analysis, 

selection of this option was operationally coded as reliance 

on physician judgment. This code was not intended to imply 

complete transfer of decision-making authority or a desire 

to avoid participation. Two items separately offered both the 

physician-judgment option and the option “Both choices 

have advantages and disadvantages, so it is difficult to de-

cide.” One additional screening-frequency item combined “I 

do not know” and “I would follow my physician’s judgment” 

in a single response option. Because uncertainty and reliance 

on physician judgment could not be distinguished in that 

item, it was excluded from the primary physician-reliance 

analysis and examined only in sensitivity analysis.

The survey also assessed two context-specific trade-off 

thresholds. One item asked the maximum additional local 

recurrence risk participants would accept when choosing 

local excision rather than chemoradiotherapy. A second item 

asked the minimum survival improvement required to ac-

cept surgery for suspected residual cancer when the surgery 

would result in a permanent stoma and involve operative 

risk.

Classification of clinical scenario items
The 10 items that included an unambiguous physician-judg-

ment option were classified a priori according to clinical 

content as five diagnostic/evaluation-related items and five 

treatment-related items. Diagnostic/evaluation-related items 

addressed screening in high-risk populations, additional 

FDG-PET/CT for staging, timing of treatment-response as-

sessment, factors considered when determining assessment 

timing, and magnetic resonance imaging for response as-

sessment. Treatment-related items addressed the treatment 

goal in early anal cancer, choice between low-dose and stan-

dard-dose radiotherapy, factors considered when selecting 

chemotherapy, treatment choice for stage I anal cancer, and 

salvage treatment for suspected residual cancer. This classifi-

cation was specified before response results were reviewed.

Analysis
Categorical results are presented as n/N (%), where N is the 

number of valid responses to each item. Age is presented as 

the median and range. Given the sample size and exploratory 

purpose, the analysis was descriptive; confidence intervals, 

formal hypothesis tests, regression analyses, and inferential 

group comparisons were not used.

For each participant, we calculated the number of diag-

nostic/evaluation-related and treatment-related items in 

which physician judgment was selected and whether at 

least one such response occurred in each category. Corre-

spondence between general participation preference and 

scenario-specific responses was described at the participant 

level. All participants provided a response to each of the 

10 physician-reliance items. One participant marked more 

than one non-physician-judgment option on three of these 

single-choice items; because physician judgment itself was 

not selected in those multiply marked responses, they were 

classified as not selecting physician judgment in the prima-

ry analysis. A sensitivity analysis excluded this participant. 

Missing responses to the two threshold items were reported 

separately and were not imputed.

Treatment-goal rankings were summarized using mean 

and median rank and the numbers of participants placing 

each goal in the first, top two, or bottom two positions. To 

assess whether physician reliance represented an absence of 

elicitable preference information, we described completion 

of the six-goal ranking and both threshold items among par-

ticipants who did and did not select physician judgment, in-

cluding the salvage-treatment scenario. We also descriptively 

contrasted general outcome rankings with corresponding 

context-specific choices or thresholds. These comparisons 

were intended to examine whether the two forms of prefer-

ence information were non-equivalent and complementary, 

not to establish psychometric construct validity.

Sensitivity analyses examined the effect of including the 

screening-frequency item that combined “I do not know” 

with “I would follow my physician’s judgment,” the influence 
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of the participant with multiple markings, and the distribu-

tion of responses across the two threshold items to assess 

whether clustering in the highest survival-benefit category 

was compatible with a nonspecific tendency to choose end-

point response categories.

Ethical considerations
The original patient values-and-preferences survey was 

administered anonymously. Participants were informed in 

advance that their responses would not affect clinical deci-

sions and would be used as reference information for clinical 

practice guideline development.

Results

Participant characteristics
Of the 14 participants, 12 (85.7%) were women, and the me-

dian age was 59.5 years (range, 40-85 years). Eleven partici-

pants (78.6%) reported no risk factor placing them in a high-

risk group for anal cancer. All participants had received both 

radiotherapy and chemotherapy. One participant had un-

dergone both local excision and abdominoperineal resection 

(Table 1).

General participation preference and context-specific 
reliance on physician judgment
When asked generally who should make decisions about 

additional tests or treatment options, 10 participants (71.4%) 

preferred to discuss the decision with their physician and 

decide together, whereas 4 (28.6%) preferred the physician 

to make all decisions. No participant preferred to follow the 

family’s opinion or to make all decisions independently.

Despite the predominance of a general preference for joint 

decision-making, 11 of 14 participants (78.6%) selected the 

option to follow the physician’s judgment on at least one of 

the 10 clinical scenario items. Among the 10 participants who 

generally preferred to discuss and decide together, 7 selected 

the physician-judgment option at least once; their median 

number of such selections was 1.5 (range, 0-6). All 4 partici-

pants who generally preferred the physician to make all de-

cisions selected physician judgment in at least one scenario, 

with a median of 2.5 selections (range, 1-5).

Across the five diagnostic/evaluation-related items, re-

liance on physician judgment accounted for 7 of 70 item 

responses (10.0%), ranging from 0 to 2 participants per item. 

Across the five treatment-related items, it accounted for 20 of 

70 item responses (28.6%), ranging from 3 to 7 participants 

per item (Table 2). After excluding the salvage-treatment 

item, 13 of 56 responses (23.2%) across the remaining four 

treatment-related items indicated reliance on physician judg-

ment. At the participant level, reliance was more frequent for 

treatment-related than diagnostic/evaluation-related items 

in 8 participants, equal across the two item types in 4, and 

more frequent for diagnostic/evaluation-related items in 2. 

Because the item types also differed in risk, complexity, and 

clinical consequences, these frequencies were treated as de-

scriptive rather than comparative evidence.

Availability of outcome-preference information de-
spite reliance on physician judgment
All 14 participants completed a full, nonduplicated ranking of 

the six treatment goals. This included all 11 participants who 

selected physician judgment at least once and all 7 who se-

lected physician judgment in the salvage-treatment scenario. 

Table 1. Participant Characteristics (N = 14)

Characteristic n %
Sex: Female 12 85.7
Sex: Male 2 14.3
Age, median (range), years 59.5 (40-85) -
High-risk factor: None 11 78.6
High-risk factor: History of intraepithelial 

neoplasia or cancer
2 14.3

High-risk factor: HIV infection 1 7.1
Treatment experience: Radiotherapy 14 100.0
Treatment experience: Chemotherapy 14 100.0
Treatment experience: Local excision 1 7.1
Treatment experience: Abdominoperineal 

resection
1 7.1

Local excision and abdominoperineal resection were both experienced 
by the same participant.

Table 2. Responses Indicating Reliance on Physician Judgment 
by Clinical Scenario (N = 14 for each item)

Clinical scenario item n %
Diagnostic/evaluation-related items
Factors important when determining timing of treat-

ment-response assessment
0 0.0

Timing of treatment-response assessment 1 7.1
Screening in high-risk populations 2 14.3
Additional FDG-PET/CT for staging 2 14.3
Magnetic resonance imaging for response assessment 2 14.3
Treatment-related items
Treatment goal in early anal cancer 3 21.4
Factors important when selecting chemotherapy 3 21.4
Treatment choice for stage I anal cancer 3 21.4
Low-dose vs standard-dose radiotherapy 4 28.6
Salvage treatment for suspected residual cancer 7 50.0
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Completion of the two trade-off threshold items was also 

similar across these response patterns: 9 of 11 participants 

who selected physician judgment at least once and all 3 who 

never selected it completed both thresholds; among the 7 

participants who relied on physician judgment for salvage 

treatment, 6 completed both thresholds, the same proportion 

as among the 7 who selected a substantive salvage-treatment 

option (Table 3). Thus, selection of physician judgment did 

not correspond to an absence of elicitable outcome-priority 

or trade-off information in this sample.

Cure was the highest-ranked treatment goal overall (mean 

rank, 2.00; median, 1; ranked first by 8 of 14 and in the top 

two by 10 of 14), followed by quality of life (mean rank, 2.71). 

Permanent stoma had a mean rank of 3.79, whereas time 

able to maintain usual activities (4.50) and treatment-related 

adverse effects (4.57) were ranked lowest on average (Supple-

mentary Table S1). The three participants who never selected 

physician judgment all ranked cure first (Supplementary 

Table S2. By contrast, all six participants whose first-ranked 

goal was not cure selected physician judgment at least once; 

their mean number of physician-judgment selections was 

3.00 compared with 1.12 among the eight participants who 

ranked cure first. Given the small groups, this pattern is con-

sidered exploratory.

General outcome priorities and context-specific trade-
offs
The clearest within-participant example involved salvage 

treatment for suspected residual cancer. Seven participants 

(50.0%) responded that they would follow their treating 

physician’s judgment when asked to choose among abdom-

inoperineal resection resulting in a permanent stoma, non-

surgical treatment, or observation. Five participants (35.7%) 

preferred to avoid surgery because of the burden of a per-

manent stoma, whereas 2 (14.3%) would accept surgery if it 

offered the possibility of cure.

In the separate survival-threshold item, 13 participants 

indicated the improvement in survival they would require 

to accept surgery considering both the permanent stoma 

and operative risk. Ten selected an improvement of ≥30%, 

1 selected 20%-30%, and 2 selected ≤5%. Among the 7 par-

ticipants who had left the salvage-treatment decision to 

the physician, 4 selected ≥30%, 1 selected 20%-30%, and 2 

selected ≤5% (Table 4). Thus, 5 of 7 participants who relied 

on physician judgment for the treatment choice neverthe-

less indicated that a survival improvement of at least 20% 

would be required to accept the surgical burden. Across all 

respondents to the threshold item, 11 of 13 required at least 

a 20% survival improvement, even though permanent stoma 

ranked fourth among the six general treatment goals. This 

illustrates that general outcome rankings and context-specif-

ic trade-off thresholds provided complementary rather than 

interchangeable information.

A similar pattern of contextual preference was observed for 

stage I anal cancer. Twelve participants answered the addi-

tional-recurrence-risk threshold for choosing local excision 

rather than chemoradiotherapy. Among the 9 participants 

who selected chemoradiotherapy in the corresponding treat-

ment-choice item, 8 indicated that they would accept no 

more than a 3% increase in local recurrence risk with local 

Table 3. Completeness of Outcome-Preference Information According to Reliance on Physician Judgment

Response pattern n Complete six-goal ranking Both threshold items completed
Physician judgment selected for salvage treatment 7 7/7 (100%) 6/7 (85.7%)
Substantive option selected for salvage treatment 7 7/7 (100%) 6/7 (85.7%)
Physician judgment selected at least once across 10 items 11 11/11 (100%) 9/11 (81.8%)
Physician judgment never selected across 10 items 3 3/3 (100%) 3/3 (100%)
The two threshold items assessed the maximum acceptable additional recurrence risk with local excision and the minimum survival improvement 
required to accept surgery resulting in a permanent stoma. “Substantive option” indicates selection of one of the treatment alternatives rather than 
physician judgment.

Table 4. Salvage-Treatment Choice and Survival-Improvement Threshold for Accepting Surgery  (N = 14)

Response to salvage-treatment item n ≤5% 5-10% 11-20% 20-30% ≥30% Missing
Surgery if cure could be expected 2 0 0 0 0 2 0
Avoid surgery because of burden of permanent stoma 5 0 0 0 0 4 1
Follow treating physician’s judgment 7 2 0 0 1 4 0
Total 14 2 0 0 1 10 1
Survival-improvement thresholds are presented using the mutually exclusive response categories in the original survey.
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excision (Supplementary Table S3).

The two items that separately offered both “It is difficult 

to decide” and the physician-judgment option also suggest-

ed that these responses were not interchangeable. For the 

choice between low-dose and standard-dose radiotherapy, 4 

participants selected physician judgment and none selected 

“It is difficult to decide.” For the timing of treatment-response 

assessment, one participant selected each response. Because 

only two items used this response structure, these observa-

tions are descriptive only.

Sensitivity analyses and response patterns
The screening-frequency item that combined “I do not 

know” with “I would follow my physician’s judgment” was 

excluded from the primary analysis because the two mean-

ings could not be separated. If this combined category were 

nevertheless counted as physician reliance, the number of 

participants with at least one physician-reliance response 

would increase from 11 of 14 (78.6%) to 13 of 14 (92.9%) 

(Supplementary Table S4). This item therefore illustrates the 

measurement consequences of combining uncertainty and 

reliance on clinician judgment in a single response option.

One participant marked multiple non-physician options on 

three of the 10 single-choice items used in the physician-re-

liance analysis. Excluding this participant produced similar 

descriptive results: 7 of 65 diagnostic/evaluation responses 

(10.8%) and 19 of 65 treatment responses (29.2%) indicated 

physician reliance, and 10 of 13 participants (76.9%) selected 

physician judgment at least once.

The survival-threshold item showed substantial clustering 

in its highest category: 10 of 13 respondents selected ≥30%. 

Among the 12 participants who completed both threshold 

items, however, only one selected the final response category 

on both items, whereas four selected the first category for 

acceptable recurrence risk and the final category for required 

survival improvement (Supplementary Table S5). This pat-

tern is not consistent with a uniform tendency to choose the 

same endpoint across questions, although the upper catego-

ry of ≥30% still created a ceiling that prevented more precise 

estimation of the required benefit for those respondents.

Participants who more frequently selected physician judg-

ment also tended to select response options indicating no 

particular expected benefit, burden, or concern on some 

items; this descriptive pattern was driven largely by the mag-

netic-resonance-imaging burden item. Such responses could 

reflect weaker differentiation, lower engagement with some 

questions, or genuinely neutral perceptions. Importantly, 

participants with the highest frequencies of physician-judg-

ment responses still completed the treatment-goal ranking 

and provided distinct outcome-priority profiles, indicating 

that lower differentiation on some items should not be equat-

ed with an absence of outcome values.

Discussion

The principal finding of this exploratory study is that reliance 

on physician judgment and the absence of patient values and 

preferences should not be treated as equivalent. Most partic-

ipants generally preferred joint decision-making, yet many 

relied on physician judgment in at least one specific scenar-

io. More importantly, participants who selected physician 

judgment still provided complete rankings of treatment goals 

and, in most cases, explicit trade-off thresholds. These with-

in-participant patterns show that a response about how a 

clinical decision should be made does not by itself determine 

whether a patient has preferences about the outcomes of that 

decision.

This interpretation is consistent with prior work on de-

cision-making roles. Bradley et al. showed that a general 

preference for decisional control did not consistently predict 

preferences across specific clinical scenarios [5]. Flynn et 

al. further demonstrated that participation is multidimen-

sional: preferences can differ across information exchange, 

discussion, and selection of the final treatment [4]. In cancer 

care, Keating et al. found that characteristics of the decision 

itself influenced whether patients reported patient-con-

trolled, shared, or physician-controlled roles [6]. Tamirisa 

et al. likewise highlighted that patients may value shared 

decision-making while still seeking a physician recommen-

dation [7]. The present study extends these observations in a 

guideline-development setting by linking scenario-specific 

reliance on physician judgment with independently elicited 

outcome priorities and quantitative treatment-acceptance 

thresholds within the same respondents.

The distinction is particularly important for clinical prac-

tice guideline methodology. In the GRADE Evidence to Deci-

sion framework, values refer to the importance patients place 

on the main outcomes of the options under consideration 

and to variability or uncertainty in those judgments [1,2]. A 

survey response about whether the patient would follow the 

physician’s judgment therefore does not directly measure 

how that patient values survival, treatment toxicity, qual-

ity of life, recurrence, or a permanent stoma. Coding such 

a response as “no preference,” undecided, or missing may 

consequently discard information that is directly relevant to 

judgments about the balance of desirable and undesirable 

effects and, ultimately, the direction or strength of a recom-

mendation.
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The present data further suggest that guideline-related 

preference studies should distinguish at least three ana-

lytically separable types of information. The first concerns 

the decision process: the extent to which the patient wishes 

to participate in deliberation and final choice or to rely on 

clinician judgment. The second concerns general outcome 

priorities: which consequences are regarded as more or less 

important when considered abstractly. The third concerns 

context-specific trade-offs: the magnitude of benefit or harm 

that changes whether a concrete option is acceptable. These 

should not be interpreted as psychometrically validated 

constructs on the basis of this small study, but they represent 

different forms of information that may answer different 

questions in guideline development.

The contrast between general rankings and contextual 

thresholds was especially informative. Permanent stoma 

was not among the highest-ranked goals when considered in 

the abstract, yet most respondents required a large survival 

improvement before accepting surgery that would result in a 

permanent stoma. Conversely, the recurrence-risk threshold 

for local excision was broadly consistent with the treatment 

choices of participants who preferred chemoradiotherapy. 

These findings do not imply that threshold questions are 

inherently superior to rankings. Rather, rankings identify rel-

ative priorities across outcomes, whereas thresholds reveal 

how those priorities operate when benefits and harms must 

be traded against one another. Both may therefore be useful, 

but they should not be treated as interchangeable measures 

of “patient values.”

An exploratory pattern also suggested that preserving 

physician-reliance responses may be particularly important 

for patients whose priorities are less dominated by cure. All 

participants whose first-ranked treatment goal was not cure 

selected physician judgment at least once, whereas the par-

ticipants who never selected physician judgment all ranked 

cure first. The groups were too small for inference, and this 

observation requires replication. Nevertheless, it raises the 

possibility that treating physician-reliance responses as 

missing could disproportionately remove patients whose pri-

orities differ from the most common cure-oriented pattern 

rather than remove only patients who lack preferences.

Reliance on physician judgment was observed more of-

ten in treatment-related than diagnostic/evaluation-related 

items in this sample. This may reflect the greater perceived 

consequences, uncertainty, complexity, or responsibility 

associated with treatment choices, but the present study can-

not distinguish among these explanations. The diagnostic 

and treatment items were not matched for difficulty, infor-

mation content, risk, response format, or burden. This find-

ing should therefore be regarded as a hypothesis-generating 

observation about context dependence rather than evidence 

that patients systematically prefer more physician control for 

treatment decisions.

The survey also illustrates a practical measurement prob-

lem. One item combined “I do not know” and “I would follow 

my physician’s judgment” into a single response category. 

Those responses cannot be classified as either uncertainty 

or reliance without making an assumption, and counting the 

combined category as physician reliance materially changed 

the headline proportion of participants with at least one such 

response. Guideline-related surveys should therefore avoid 

response options that merge lack of knowledge, decisional 

difficulty, neutrality, and reliance on clinician judgment, 

because these responses carry different meanings and may 

require different follow-up questions.

Strengths and limitations
A strength of this study is its within-participant design: gen-

eral decision-making preference, responses across multiple 

real clinical scenarios, general treatment-goal rankings, 

and context-specific treatment-acceptance thresholds were 

linked within the same respondents. This allowed the anal-

ysis to address conceptual relationships that cannot be in-

ferred from population-level proportions alone. The study 

also used patients with direct experience of anal cancer treat-

ment recruited across four hospitals, providing an empirical 

example from a rare disease in which several guideline deci-

sions involve substantial trade-offs.

The study also has important limitations. The sample was 

very small (n = 14) and recruited by convenience sampling, 

so the percentages cannot be generalized to the broader pop-

ulation of patients with anal cancer and the stability of the 

observed patterns is uncertain. The survey was developed for 

guideline development rather than as a validated instrument 

for the present analytic question, and response options dif-

fered across items. The forced ranking of six treatment goals 

demonstrates that outcome-priority information could be 

elicited, but it does not establish that respondents perceived 

the six goals as clearly or equally distinguishable. The thresh-

old questions used categorical response ranges rather than a 

validated or iterative preference-elicitation method; in par-

ticular, the ≥30% upper category for survival improvement 

produced a ceiling effect. General participation preference 

and scenario-specific reliance were not measured on the 

same scale, and only two items separately distinguished de-

cisional difficulty from physician judgment.

The questionnaire was administered face-to-face by an 

outpatient-clinic nurse. This mode of administration could 
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have influenced some responses through social desirability 

or deference to healthcare professionals; however, the study 

did not assess the degree of prior rapport between respon-

dents and the administering nurse, so the direction and mag-

nitude of any such effect are uncertain. Some participants 

also gave less differentiated responses on selected items, 

and one participant marked multiple options on several sin-

gle-choice questions, although sensitivity analysis excluding 

that participant did not materially change the principal fre-

quencies.

Most respondents were women, all had received chemo-

radiotherapy, and only one had experienced a permanent 

stoma. Preferences based on anticipated outcomes and pref-

erences informed by direct experience were therefore mixed. 

The survey did not ask why participants chose physician 

judgment—for example, trust in expertise, decision difficulty, 

responsibility burden, insufficient information, desire for 

recommendation, or another reason. Finally, because the 

analyses were exploratory and descriptive, the observed re-

lationships among decision-process preferences, outcome 

priorities, and context-specific trade-offs should be treated as 

hypotheses for future study rather than as validated dimen-

sions of a measurement model.

Future studies should deliberately separate preferences 

for information sharing, deliberation, and final decisional 

control from general outcome priorities and context-specific 

trade-offs. When participants choose to rely on physician 

judgment, follow-up questions should ask why and should 

continue to elicit the outcomes that matter and the bene-

fit-risk trade-offs that would make an option acceptable. 

Preference-elicitation methods that allow more precise es-

timation beyond categorical ceiling values, combined with 

qualitative interviews, may be particularly useful. Given 

the rarity of anal cancer, larger multicenter studies will be 

needed to determine whether the patterns observed here are 

reproducible and how these different forms of preference in-

formation should be incorporated into guideline Evidence to 

Decision judgments.

Conclusion

In this exploratory multicenter analysis of patients with anal 

cancer, reliance on physician judgment in a specific clinical 

scenario did not necessarily indicate an absence of patient 

values or preferences. Patients who relied on physician judg-

ment could still identify which outcomes mattered and spec-

ify the benefit-risk trade-offs that would make a treatment 

acceptable. For clinical practice guideline development, pref-

erence for the decision process, general outcome priorities, 

and context-specific trade-offs should therefore be elicited 

and interpreted as distinct but related forms of information. 

Responses such as “I would follow my treating physician’s 

judgment” should not automatically be treated as no pref-

erence or missing data; rather, they should prompt further 

assessment of what outcomes matter and what trade-offs are 

acceptable.
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Background: Leigh syndrome is a mitochondrial disorder in which impaired oxidative phosphorylation causes progressive neurologic 
damage. Brainstem lesions may cause central hypoventilation, apnea, and recurrent pulmonary infection, increasing perioperative risk.
Case: We describe a patient with Leigh syndrome who had chronic central respiratory dysfunction, recurrent pneumonia, and a recent 
intensive care admission for sepsis and who subsequently underwent tracheostomy under general anesthesia. Anesthesia was induced 
and maintained with remimazolam and remifentanil. Hemodynamic parameters remained acceptable neuromuscular recovery, sponta-
neous ventilation remained inadequate, and the patient was returned to the intensive care unit with ventilatory support.
Conclusion: In mitochondrial disease, propofol warrants careful consideration because of concerns regarding mitochondrial effects 
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the anticipated need for postoperative ventilatory support, rather than as evidence of superiority over other agents.
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Leigh syndrome typically presents in infancy or childhood 

and results from impaired mitochondrial energy production. 

Neurologic deterioration is often accompanied by charac-

teristic bilateral lesions in the basal ganglia, brainstem, and 

related structures, although the disorder is genetically and 

clinically heterogeneous [1,2].

Respiratory involvement is a major determinant of out-

come in Leigh syndrome. Brainstem dysfunction may cause 

central apnea or hypoventilation, and bulbar dysfunction, in-

effective cough, reduced mobility, and skeletal deformity can 

further impair airway clearance and increase the likelihood 

of recurrent pneumonia [2].

From an anesthetic perspective, the central issue is not 

only possible sensitivity to specific drugs but also the pa-

tient's limited physiologic reserve. Fasting, infection, tem-

perature imbalance, hypoxemia, acid-base disturbance, and 

postoperative respiratory weakness may all contribute to 

perioperative instability in patients with mitochondrial dis-

ease [3-5].

We report the use of remimazolam for tracheostomy in a 

young woman with Leigh syndrome complicated by chronic 

central respiratory failure, recurrent pneumonia, and a re-

cent intensive care admission after sepsis.

Case Report

A 21-year-old woman with Leigh syndrome was scheduled 

for tracheostomy to secure a long-term airway because of 

recurrent pneumonia and respiratory failure requiring pro-

longed ventilatory support. General anesthesia was planned. 

She had severe psychomotor developmental delay, weighed 

39.5 kg, and was 138 cm tall. Brain computed tomography 

showed marked cerebral and brainstem atrophy, necrotic 

changes in both basal ganglia, and diffuse ventriculomega-
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ly. She was bedridden and had scoliosis, diabetes mellitus, 

uncontrolled seizures, recurrent pneumonia, and recurrent 

pancreatitis. Two months before surgery, she developed 

septic shock due to multidrug-resistant Acinetobacter bau-

mannii, which progressed to multiorgan failure. Eleven days 

before surgery, she underwent endotracheal intubation for 

acute respiratory acidosis. In view of recurrent pneumonia 

and repeated apneic episodes, tracheostomy was planned to 

provide a more stable long-term airway. Nutritional support 

was being delivered through a gastrostomy tube.

No premedication was given. On physical examination, the 

patient was drowsy and uncooperative. Heart sounds were 

normal, but coarse breath sounds were noted on ausculta-

tion. Chest anteroposterior radiography demonstrated severe 

thoracic scoliosis with rightward tracheal deviation of 3 cm. 

Preoperative laboratory findings were as follows: hemoglo-

bin 9.0 g/dL, hematocrit 28.9%, blood glucose 138 mg/dL, 

and C-reactive protein 0.34 mg/dL. Because of apnea related 

to central respiratory failure and her recent septic condition, 

she was already receiving ventilatory support after intubation 

in synchronized intermittent mandatory ventilation-pressure 

support mode with an FiO2 of 21%, PEEP of 6 cmH2O, trigger 

flow of 5 L/min, pressure control level of 13 cmH2O, pressure 

support level of 8 cmH2O, and respiratory rate of 16 breaths/

min. Arterial blood gas analysis showed a pH of 7.34, PaCO2 

of 48 mmHg, PaO2 of 47 mmHg, base excess of -0.1 mmol/L, 

oxygen saturation of 79.7%, and lactate of 13 mg/dL.

These findings reflected the combined effect of central 

hypoventilation from Leigh syndrome and ongoing sep-

sis-related respiratory compromise. Despite mechanical 

ventilatory support, oxygenation remained inadequate, and 

tracheostomy was therefore indicated to secure a stable long-

term airway rather than representing a decision to proceed 

with elective surgery in a compromised patient.

Because the patient had severe neurologic injury and 

marked respiratory vulnerability, general anesthesia with 

remimazolam and remifentanil was planned in view of its 

hemodynamic stability and reversibility. Both induction and 

maintenance were achieved with remimazolam and remifen-

tanil. Remimazolam was administered as a loading infusion 

at 12 mg/kg/h for 2 minutes and then continued at 1 mg/kg/

h for maintenance. Remifentanil was infused continuously at 

0.01 mcg/kg/min throughout the procedure. Rocuronium 10 

mg was given for neuromuscular blockade. Before surgery, 

flumazenil, the antagonist of remimazolam, and sugamma-

dex, the reversal agent for rocuronium, were prepared in case 

they were needed. The patient arrived in the operating room 

already intubated, and anesthesia was initiated through the 

existing endotracheal tube without any additional airway 

device. On arrival, her heart rate was 83 beats/min and blood 

pressure was 150/90 mmHg. During surgery, the bispectral 

index was maintained between 40 and 50. Heart rate re-

mained within 70-100 beats/min, and systolic blood pressure 

was stable between 130 and 160 mmHg. Hartmann solution 

was infused intraoperatively, with a total volume of 400 mL. 

Urine output was 60 mL, and body temperature remained 

stable at 37.0°C. The train-of-four count was 0 throughout the 

operation. The procedure lasted 605 seconds and was com-

pleted without complication. In the operating room, sugam-

madex 100 mg was administered, and the train-of-four re-

covered to 98%; however, adequate spontaneous ventilation 

did not return because of the patient's preexisting condition 

and central respiratory failure. She was therefore transferred 

to the intensive care unit and placed on pressure-controlled 

ventilation. One day later, spontaneous breathing gradually 

improved, and ventilatory support was changed to synchro-

nized intermittent mandatory ventilation-pressure support 

mode with an FiO2 of 21%, PEEP of 5 cmH2O, trigger flow of 

2 L/min, pressure control level of 12 cmH2O, pressure sup-

port level of 12 cmH2O, and respiratory rate of 17 breaths/

min. Ten days after surgery, tracheal edema caused airway 

narrowing such that only one-eighth of the tracheal lumen 

was visible on endoscopy, and intravenous dexamethasone 

was administered for 3 days. Pleural effusion also increased, 

and she remained in the intensive care unit for observation 

for 4 weeks before transfer to the general ward. Even after 

transfer, sepsis and respiratory acidosis repeatedly worsened 

and improved. After a plan was made to replace the trache-

ostomy cannula every 1-2 months, she was discharged home 

with a home ventilator.

Discussion

Leigh syndrome is a neurometabolic disorder caused by 

mitochondrial dysfunction, and symmetric lesions in the 

brainstem and deep gray nuclei are among its characteristic 

radiologic and pathologic findings [1,2]. Because these re-

gions are essential for respiratory control, airway protection, 

and autonomic regulation, anesthetic management is often 

challenged more by limited physiologic reserve than by any 

single uniform pharmacologic abnormality.

Respiratory failure is one of the major determinants of 

prognosis in Leigh syndrome [1]. Central hypoventilation, 

apneic episodes, ineffective cough, recurrent aspiration or 

infection, and reduced mobility may all contribute to pro-

longed ventilatory dependence. In the present case, repeated 

pneumonia, impaired consciousness, and prior intubation 

suggested a particularly high risk of postoperative respiratory 
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insufficiency.

Perioperative risk in Leigh syndrome should therefore be 

considered within the broader framework of mitochondrial 

disease and advanced neurologic impairment [3-5]. The 

interaction among chronic respiratory dysfunction, recent 

sepsis, nutritional stress, immobility, and impaired airway 

clearance may be clinically more important than any isolated 

concern regarding anesthetic drug sensitivity.

Accordingly, practical anesthetic goals in mitochondrial 

disease include minimizing prolonged fasting when pos-

sible, maintaining oxygenation and ventilation, preserving 

circulatory stability, maintaining normothermia, correcting 

metabolic disturbances, and planning carefully for postoper-

ative respiratory support [3-5]. In patients who already have 

central respiratory failure, the postoperative strategy may be 

as important as the choice of hypnotic agent.

Propofol remains a widely used anesthetic agent, but 

caution is warranted in mitochondrial disorders because 

experimental studies have demonstrated inhibitory effects 

on mitochondrial function, including electron transport 

and fatty acid oxidation [6]. Clinical concern is reinforced by 

propofol-related infusion syndrome, a rare but potentially 

fatal complication that is usually associated with prolonged 

infusion, critical illness, or high cumulative exposure [7,8].

Propofol-related infusion syndrome has been linked to se-

vere metabolic acidosis, rhabdomyolysis, hyperkalemia, car-

diac dysfunction, renal failure, and death [8,9]. In addition, 

case reports suggest that unrecognized mitochondrial dis-

ease may increase susceptibility in some patients [9]. These 

findings do not make propofol absolutely contraindicated in 

all patients with mitochondrial disease, but they do support 

individualized assessment of dose, duration, and overall 

physiologic context [3,4].

Our decision-making therefore focused less on excluding a 

single drug categorically and more on selecting an anesthetic 

strategy that matched this patient's clinical condition. Giv-

en her recent multiorgan illness and substantial respiratory 

risk, we sought an approach that allowed controlled titration 

during surgery together with a clear postoperative airway 

plan.

Remimazolam is an ultra-short-acting benzodiazepine that 

is metabolized by tissue esterases and has been reported to 

provide predictable sedation or anesthesia with relatively 

stable hemodynamics [10-13]. Reversal with flumazenil is an-

other practical advantage when rapid neurologic assessment 

is desired, although overall recovery still depends on the pa-

tient's underlying neurologic and respiratory status [12,14].

For these reasons, remimazolam was chosen in this case 

as an individualized option rather than as an established 

best agent for Leigh syndrome. Our experience suggests that 

its use was feasible in this setting, but the finding should be 

interpreted in light of the patient's baseline risk for ventilator 

dependence, the limited value of a single case, and the ongo-

ing uncertainty regarding anesthetic selection in mitochon-

drial disease.

The doses of remifentanil and rocuronium were also se-

lected with the patient's clinical condition in mind. Remifen-

tanil was initiated at a low infusion rate of 0.01 mcg/kg/min 

because of concern that higher doses might compromise he-

modynamic stability in the setting of recent septic shock; be-

cause the bispectral index remained within the target range 

and blood pressure did not increase further during surgery, 

the rate was not titrated upward. Rocuronium was adminis-

tered at a reduced dose of 10 mg (approximately 0.25 mg/kg) 

because progressive neuromuscular involvement in Leigh 

syndrome was expected to increase sensitivity to neuromus-

cular blocking agents; continuous train-of-four monitoring 

confirmed sustained relaxation throughout surgery without 

the need for additional doses.

In this patient, adequate spontaneous breathing did not 

return after recovery of the train-of-four at the end of surgery, 

and the need for transfer to the intensive care unit with ven-

tilatory support is more plausibly explained by preexisting 

central respiratory failure and impaired brainstem function 

than by residual neuromuscular blockade [2,15]. Previous 

reports have also described difficult or delayed respiratory 

recovery after general anesthesia in patients with Leigh syn-

drome [1,2].

Moreover, the patient had already been intubated before 

surgery and required secure long-term airway access be-

cause of recurrent pneumonia and repeated apnea; imme-

diate recovery of spontaneous breathing after tracheostomy 

was therefore not necessarily the primary postoperative goal. 

Continued ventilatory support in the intensive care unit, to-

gether with ongoing assessment of respiration, acid-base bal-

ance, infection, secretion clearance, and neurologic status, 

was more consistent with her underlying pathophysiology [3-

5].

The clinical course and prognosis in this case cannot be at-

tributed to a single anesthetic agent alone [4,5]. In addition to 

progressive neurologic injury from Leigh syndrome, the pa-

tient also had sepsis, recurrent pneumonia, scoliosis, poorly 

controlled seizures, diabetes mellitus, recurrent pancreatitis, 

and dependence on enteral feeding; the postoperative respi-

ratory course and overall outcome were more likely shaped 

by multiple interacting factors [2,4,5].

Thus, although stable intraoperative hemodynamics were 

observed during anesthesia with remimazolam, this obser-
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vation alone does not justify concluding that remimazolam 

improved the patient's long-term outcome or was superior to 

other anesthetic techniques [5,11,13,14,16].

This report has several limitations. First, as a single case, 

it cannot establish a causal relationship between anesthetic 

choice and clinical course, and its generalizability is limit-

ed. Second, because there was no direct comparison with 

other anesthetic strategies such as propofol, the relative 

advantages and disadvantages of remimazolam cannot be 

quantified [11,14,16]. Third, the patient had numerous con-

founding factors—including central respiratory failure, active 

infection, metabolic vulnerability, and structural thoracic 

abnormalities—making it difficult to isolate a single expla-

nation for delayed postoperative respiratory recovery [2,15].

Fourth, long-term physiologic and clinical follow-up data, 

including mitochondrial function, lactate trends, and long-

term outcome, were limited, which constrains interpretation 

of the longer-term implications of this anesthetic choice [4,5]. 

Ultimately, this case should be interpreted as a technical 

experience showing that remimazolam-based general anes-

thesia was feasible in a patient with severe Leigh syndrome, 

and further accumulation of cases and comparative studies 

is needed [5,14,16].

Conclusion

Leigh syndrome may confer substantial perioperative risk 

because mitochondrial dysfunction often coexists with brain-

stem-related respiratory impairment, recurrent pulmonary 

complications, and limited physiologic reserve [2-4].

In this case, remimazolam and remifentanil were used 

successfully for tracheostomy in the setting of recent sepsis, 

chronic central respiratory failure, and an anticipated need 

for postoperative ventilatory support.

This experience should not be interpreted as proof that 

remimazolam is superior to propofol or to other anesthetic 

techniques. Rather, it illustrates that anesthetic planning in 

mitochondrial disease should integrate drug selection with 

the patient's overall respiratory status, metabolic vulnerabili-

ty, and postoperative airway strategy [3-5].

This case report was approved by the Institutional Review 

Board of Gangneung Asan Hospital (IRB No. 2026-04-002), 

which waived the requirement for informed consent due to 

the retrospective nature of the report. Written informed con-

sent for publication could not be obtained as the patient's 

legal guardian was unreachable despite repeated attempts to 

make contact. The requirement for written informed consent 

was therefore formally waived by the Institutional Review 

Board of Gangneung Asan Hospital.
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Background: Intramural esophageal dissection (IED) is a rare esophageal injury that is usually managed conservatively. However, the 
optimal treatment for complicated IED associated with infection or mediastinal abscess remains unclear.
Case: A 57-year-old man with decompensated liver cirrhosis presented with chest pain, odynophagia, and fever. Chest computed to-
mography revealed IED complicated by mediastinal abscess. Despite conservative management and thoracoscopic drainage, persistent 
fever suggested inadequate drainage of the infected false lumen. Endoscopic internal drainage was performed by longitudinal mucosal 
incision, followed by enteral nutritional support via feeding jejunostomy. The patient recovered without major surgery. Six-month fol-
low-up endoscopy demonstrated complete healing of the false lumen with restoration of a single esophageal lumen.
Conclusions: Endoscopic internal drainage may be a feasible organ-preserving treatment option for selected patients with infected IED 
when adequate drainage cannot be achieved by conservative management or surgical drainage alone.
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Introduction

Intramural esophageal dissection (IED) is a rare esophageal 

injury characterized by separation of the mucosal and sub-

mucosal layers, resulting in the formation of a false lumen 

[1,2]. Although most cases are managed conservatively and 

have a favorable prognosis, complicated cases associated 

with infection or mediastinal abscess are extremely uncom-

mon, and their optimal management remains unclear [2-4]. 

We report a case of infected IED complicated by mediastinal 

abscess that was successfully treated with endoscopic in-

ternal drainage following surgical drainage while avoiding 

esophagectomy.

Case Report

A 57-year-old man with alcohol-related liver cirrhosis com-

plicated by esophageal varices, paroxysmal atrial fibrillation 

receiving direct oral anticoagulants, diabetes, and hyperten-

sion presented to the emergency department with worsening 

pain extending from the neck to the retrosternal area, ody-

nophagia, and fever. On admission, his blood pressure was 

127/75 mmHg, heart rate 81 beats/min, respiratory rate 20 

breaths/min, and temperature 38.2°C. Laboratory findings 

showed a white blood cell count of 5,300/μL (74.0% neutro-

phils), hemoglobin of 12.9 g/dL, platelet count of 62×10³/μL, 

CRP of 87.5 mg/L, total bilirubin of 1.7 mg/dL, albumin of 
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3.1 g/dL, AST/ALT of 30/18 IU/L, and PT-INR of 1.51. Con-

trast-enhanced chest computed tomography (CT) revealed a 

linear intramural defect in the mid-thoracic esophagus with 

diffuse submucosal fluid collection, suggestive of intramural 

esophageal dissection (IED), accompanied by superior me-

diastinal abscess formation with extraluminal air, suggesting 

possible microperforation (Fig. 1 A, B). Small bilateral pleural 

effusions were also present.

The patient was managed conservatively with bowel rest 

and intravenous ceftriaxone plus metronidazole. However, 

fever and chest pain persisted despite treatment. On hospital 

day 5, video-assisted thoracoscopic surgery was performed. 

A 1-cm abscess pocket above the azygos vein was identified 

and drained, and a right chest tube was inserted. No gross 

esophageal perforation or fistulous communication was 

identified. Upper endoscopy performed on hospital day 6 

demonstrated diffuse edematous changes with multiple 

mucosal openings communicating with the intramural false 

lumen, from which blood-tinged purulent fluid was observed 

draining (Fig. 2 A, B). Grade I esophageal varices were also 

present.

Although inflammatory markers gradually decreased after 

surgery, persistent fever raised concern for inadequate drain-

age of the infected intramural cavity. Therefore, therapeutic 

endoscopic intervention was planned on hospital day 10. 

Under general anesthesia, the largest mucosal opening was 

longitudinally extended from 28 to 35 cm from the upper 

incisors using an Insulated Tip knife to facilitate internal 

drainage (Fig. 3 A-D). Only minor transient oozing occurred 

during the procedure, without significant bleeding. Esoph-

ageal varices remained stable throughout the procedure. 

Further incision was not attempted because of marked mural 

Fig. 1. Chest CT demonstrating (A) intramural esophageal dissection with (B) mediastinal abscess formation (arrowheads).

Fig. 2. Initial endoscopic findings. Upper endoscopy performed on hospital day 6 demonstrated diffuse edematous changes 
throughout the esophagus. (A) A large proximal mucosal opening (arrowheads; approximately 1.5 cm in diameter) located 28 cm 
from the upper incisors, communicating with a longitudinal intramural cavity (false lumen). (B) Multiple distal spontaneous muco-
sal openings with blood-tinged purulent drainage (arrowheads).
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Fig. 3. Endoscopic internal drainage by longitudinal mucosal incision. (A) A large proximal mucosal opening at 28–29 cm from the 
upper incisors (9 o’clock position; arrowheads). (B) Longitudinal extension of the mucosal opening to approximately 35 cm using 
an Insulated Tip Knife to facilitate internal drainage. (C) Post-procedural appearance showing the widely opened false lumen with 
(D) persistent spontaneous drainage through multiple distal mucosal openings (arrowhead). No significant procedure-related 
bleeding was observed.

edema, luminal narrowing, underlying coagulopathy, the 

presence of esophageal varices, and evidence of ongoing 

spontaneous drainage of purulent fluid through the distal 

mucosal openings. Because prolonged fasting was anticipat-

ed, a radiologically guided feeding jejunostomy was placed 

on hospital day 12, and enteral nutrition was initiated. After 

17 days of intravenous antibiotics, the inflammatory markers 

markedly improved. Following chest tube removal, the pa-

tient was discharged with amoxicillin/clavulanate adminis-

tered via the feeding jejunostomy.

Serial chest CT examinations performed at 1- to 2-month 

intervals continued to suggest residual communication be-

tween the true and false lumens in the upper thoracic esoph-

agus. During follow-up, the patient prematurely resumed 

oral intake against medical advice, resulting in transient mild 

aggravation of the radiologic findings. Therefore, conserva-

tive management with enteral nutrition and antibiotics was 

continued. After normalization of inflammatory markers and 

sustained clinical improvement, follow-up endoscopy was 

performed 6 months after the initial presentation. Endosco-

py demonstrated complete epithelialization of the previous 

false lumen with restoration of a single patent esophageal 

lumen (Fig. 4). Mild residual narrowing remained but did not 

impede endoscope passage. Oral feeding was resumed grad-

ually without recurrence of symptoms.

Discussion

IED is a rare esophageal injury characterized by separation of 

the mucosal and submucosal layers, resulting in the forma-

tion of a false lumen [1,2]. It has been associated with esoph-

ageal instrumentation, forceful vomiting, coagulopathy, 

anticoagulant therapy, and underlying esophageal disorders 

[1,5]. Patients typically present with acute chest pain, odyno-
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phagia, or dysphagia, which may mimic more common car-

diopulmonary conditions [1,2]. Contrast-enhanced CT and 

upper endoscopy play complementary roles in establishing 

the diagnosis by demonstrating the false lumen and exclud-

ing transmural perforation [2,4].

Most reported cases of IED follow a benign clinical course 

and respond well to conservative management consisting of 

fasting, nutritional support, acid suppression, and antibiotics 

when infection is suspected [1,3]. In contrast, complicated 

IED accompanied by secondary infection or mediastinal 

abscess is exceedingly uncommon, and the optimal man-

agement strategy has not been established [4,5]. Although 

surgical intervention may be required in patients with un-

controlled sepsis or suspected perforation, esophagectomy is 

a highly invasive procedure associated with substantial mor-

bidity and mortality, particularly in patients with advanced 

liver cirrhosis or other significant comorbidities [6,7]. There-

fore, organ-preserving treatment strategies are desirable 

whenever clinically feasible.

Our patient presented with infected IED, as evidenced by 

persistent fever, elevated inflammatory markers, purulent 

drainage from the false lumen, and concomitant mediastinal 

abscess formation. Despite thoracoscopic drainage of the 

mediastinal abscess, persistent fever suggested inadequate 

drainage of the infected false lumen. Endoscopic longitudi-

nal mucosal incision successfully converted the narrow mu-

cosal opening into a wider internal drainage tract, facilitating 

continuous drainage of the infected cavity [8,9]. Clinical and 

radiologic resolution was subsequently achieved without 

additional major esophageal surgery, suggesting that endo-

scopic internal drainage may serve as an effective adjunctive 

treatment when surgical drainage alone is insufficient [8-10].

In this case, decompensated liver cirrhosis complicated by 

esophageal varices, recurrent ascites, and hepatic encepha-

lopathy was considered to confer a substantial perioperative 

risk for esophagectomy [6,7]. In this context, an organ-pre-

serving approach was particularly desirable. To minimize the 

risk of bleeding, the mucosal incision was intentionally limit-

ed to the proximal lesion. Further distal extension was avoid-

ed because spontaneous drainage through multiple distal 

mucosal openings was already evident, while marked mural 

edema, luminal narrowing, and the presence of esophageal 

varices increased the anticipated procedural risk. The proce-

dure was completed without clinically significant bleeding, 

and follow-up endoscopy demonstrated complete healing 

of the false lumen with restoration of a single esophageal lu-

men.

In conclusion, endoscopic internal drainage may represent 

a feasible organ-preserving treatment option for selected pa-

tients with infected IED, particularly when extensive surgical 

resection carries substantial operative risk [6-10]. Further 

studies are warranted to better define its role in the manage-

ment of complicated IED.
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tice) if otherwise not described below.

III. General information

1. Publication types
Manuscripts submitted to J Evid-Based Pract should pres-

ent evidence-based research on important healthcare issues 

or contribute to the education and advancement of evi-

dence-based medicine (EBM). Submissions must be unique, 

creative, and contribute meaningfully to the field. The jour-

Instructions for authors
nal accepts various types of manuscripts, including editori-

als, original articles, reviews, systematic review, clinical trial, 

clinical practice guideline, case reports, and letters to the 

editor.

2. Language
J Evid-Based Pract publishes articles in English. Spellings 

should abide by American spellings. Medical terminology 

should be written based on the most recent edition of Dor-

land’s Illustrated Medical Dictionary. Accepted manuscripts 

are requested to be proofread by professional English editors.

3. Submission of manuscripts
In addition to members of Korean Society of Evi-

dence-Based Medicine, any researcher throughout the world 

can submit a manuscript if the scope of the manuscript is ap-

propriate. Authors are requested to submit their papers to 

ksebm.office@gmail.com via e-mail. Final revisions by au-

thors should be submitted within 1 week of the request.

4. Data Availability Statement
Data sharing is encouraged by the J Evid-Based Pract, but a 

Data Availability Statement will be required and published 

with the manuscript. Authors will be provided the following 

options during submission or may use a draft of their own.

• �The datasets generated during and/or analyzed during the 

current study are available in the [NAME] repository, [PER-

SISTENT WEB LINK TO DATASETS]

• �The datasets generated during and/or analyzed during the 

current study are not publicly available due [REASON WHY 

DATA ARE NOT PUBLIC] but are available from the corre-

sponding author on reasonable request.

• �The datasets generated during and/or analyzed during the 

current study are available from the corresponding author 

upon reasonable request.

• �Data sharing is not applicable to this article as no datasets 

were generated or analyzed during the current study.

• �All data generated or analyzed during this study are includ-

ed in this published article [and its supplementary informa-

tion files].

• �The data that support the findings of this study are available 

from [third party name] but restrictions apply to the avail-

ability of these data, which were used under license for the 

current study, and so are not publicly available. Data are 

however available from the authors upon reasonable re-
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quest and with permission of [third party name].

5. Preprint policy
A preprint can be defined as a version of a scholarly paper 

that precedes formal peer review and publication in a 

peer-reviewed scholarly journal. J Evid-Based Pract allows 

authors to submit a manuscript that have been posted on 

preprint platform to the journal. It is not treated as duplicate 

submission or duplicate publication. J Evid-Based Pract rec-

ommend authors to disclose it with only single DOI during 

the submission process. Otherwise, it may be screened from 

the plagiarism check program — Similarity Check (iThenti-

cate).

Preprint submission will be processed through the usual 

peer-review process. In addition, the preprint’s history will be 

tracked by additional independent editor, with an emphasis 

on the posting procedure and format.

If the manuscript with preprint is accepted for publication, 

authors are recommended to update the information at the 

preprint platform with a link to the published article in J Ev-

id-Based Pract, including DOI at J Evid-Based Pract. It is 

strongly recommended that authors cite the article in J Ev-

id-Based Pract instead of the preprint.

Moreover, J Evid-Based Pract does not permit referencing a 

preprint as a reference unless there is an exceptional circum-

stance that the authors can justify.

If the authors of a submitted article differ from those of the 

preprint, the authors must explain the change in authorship 

and demonstrate that it complies with ICMJE recommenda-

tions.

6. Disclosure of Artificial Intelligence (AI) Programs
Artificial Intelligence (AI) programs (e.g. ChatGPT or other 

similar software) cannot be considered as authors of submit-

ted manuscripts because they do not meet the requirements 

for authorship. For instance, they cannot understand the role 

of authors or take responsibility for the content of the paper. 

Additionally, AI cannot meet the authorship criteria set by 

organizations such as the International Committee of Medi-

cal Journal Editors (ICMJE). This includes having the ability 

to give final approval for publication and being accountable 

for the accuracy and integrity of the work.

Furthermore, AI lacks the capacity to comprehend a con-

flict of interest statement, and cannot legally sign such a 

statement. Additionally, AI does not have independent affili-

ation from its creators, nor can it hold copyright.

Therefore, when submitting a paper, authors should not 

include AI as authors but rather acknowledge the use of AI 

and provide transparent information about how it was used 

in writing the manuscript. As the field of AI is rapidly evolv-

ing, authors using AI should declare this fact and provide 

specific technical details about the AI model used, including 

its name, version, source, and the method of application in 

the paper. This is in line with the ICMJE recommendation of 

acknowledging writing assistance.

7. Peer review process
• �The J Evid-Based Pract received the papers via ksebm.of-

fice@gmail.com.

• �Manuscripts to be reviewed: All submitted manuscripts are 

peer reviewed. Commissioned manuscripts are also re-

viewed. Research data or supplementary materials are sub-

jected to peer review.

• �Who conducts peer review: Submitted manuscripts will be 

reviewed by 2 or more external experts in the correspond-

ing field. The editor selects peer reviewers according to the 

recommendation of the Editorial Board members or from 

the external expert database maintained by the editorial of-

fice. Some publication types, including editorials, errata, 

corrigenda, retraction, withdrawal, and letters to the editor, 

are reviewed by the editorial board member without exter-

nal peer review.

• �Type of peer review: J Evid-Based Pract uses double-blind 

review, which means that both the reviewer’s and author’s 

identities are concealed from the reviewers, and vice versa, 

throughout the review process. To facilitate this anonymous 

review, authors need to ensure that their manuscripts are 

prepared in a way that does not give away their identity. The 

names of reviewers are not posted in the published article.

• �Screening before peer review: The manuscript is first re-

viewed for its format and adherence to the aims and scope 

of the journal. If the manuscript does not align with the 

aims and scope of the Journal or does not adhere to the In-

structions for authors, it may be returned to the author im-

mediately after receipt and without a review.

• �Duration for the first decision: The result of the first peer re-

view is usually finished within two months. If there is no 

correspondence from the editorial office on the fate of the 

submitted manuscript two months after the submission, 

please get in touch with the editorial office via ksebm.of-

fice@gmail.com

• �Revision process: The Editorial Board may request authors 

to revise the manuscripts according to the reviewer’s opin-

ion. After revising the manuscript, the author should send 

the revised files with a reply to each item of the reviewer’s 

opinion. Additions and amendments to the revised manu-
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script should be highlighted in red. The author’s revisions 

should be completed within 60 days after the request. If it is 

not received by the due date, the Editorial Board will not 

consider it for publication. To extend the revision period to 

more than 60 days, the author should negotiate with the 

Editorial Board. The manuscript review process should be 

finished with the second review. If the reviewers wish fur-

ther review, the Editorial Board may consider it. Statistical 

editing is also performed if data need professional statistical 

review by a statistician. J Evid-Based Pract neither guaran-

tees acceptance without review nor very short peer review 

times for unsolicited manuscripts.

• �Final decision maker: The Editorial Board will make a final 

decision on the approval for publication of the submitted 

manuscripts and can request any further corrections, revi-

sions, and deletions of the article text if necessary.

• �The publication date is published with all published papers, 

including dates of submission, revision, and acceptance.

• �Review of in-house manuscripts: All manuscripts from edi-

tors, staff, or editorial board members are subject to the 

same review process as other submissions. During the re-

view process, they will not be involved in the selection of re-

viewers or the decision-making process. Editors will not 

handle their manuscripts even if they have been commis-

sioned. The review and publication processes not described 

in the Instructions for Authors will be incorporated into the 

Editorial Policy Statements approved by the Council of Sci-

ence Editor Board of Directors, available at http://www.

councilscienceeditors.org.

8. Article processing charge and publication fee
J Evid-Based Pract has no author submission fees or other 

publication-related charges. All publication costs are sup-

ported by the publisher. J Evid-Based Pract is a platinum 

open access journal that does not charge author fees.

9. Copyrights and secondary publication
The J Evid-Based Pract owns copyrights of all published 

materials. On behalf of the co-author(s), the corresponding 

author must complete and submit the journal’s copyright 

transfer agreement, which includes a section on the disclo-

sure of potential conflicts of interest based on the recom-

mendations of the International Committee of Medical Jour-

nal Editors, “Uniform Requirements for Manuscripts Submit-

ted to Biomedical Journals”. A copy of the form is made avail-

able to the submitting author within the online manuscript 

submission process. It is possible to republish manuscripts if 

ONLY the manuscripts satisfy the condition of secondary 

publication of the Uniform Requirements for Manuscripts 

Submitted to Biomedical Journals, available at: http://www.

icmje.org

10. Open access
J Evid-Based Pract is an Open Access journal accessible for 

free on the Internet. Accepted peer-reviewed articles are free-

ly available on the journal website for any user, worldwide, 

immediately upon publication without additional charge.

IV. Research and Publication Ethics 
Guidelines

For the policies on research and publication ethics, the 

“Good Publication Practice Guidelines for Medical Journals” 

(https://www.kamje.or.kr/board/view?b_name = bo_publi-

cation&bo_id = 13) or the “Ethical Guidelines on Good Publi-

cation” (http://publicationethics.org/resources/guidelines) 

or “Ethical Considerations in the International Committee of 

Medical Journal Editors” (http://www.icmje.org/recommen-

dations) are applied.

1. Conflict-of-interest statement
The corresponding author is required to summarize all au-

thors’ conflict of interest disclosures. The disclosure form 

shall be same with ICMJE Uniform Disclosure Form for Po-

tential Conflicts of Interest (www.icmje.org/conflicts-of-in-

terest). A conflict of interest may exist when an author (or the 

author’s institution or employer) has financial or personal re-

lationships or affiliations that could influence (or bias) the 

author’s decisions, work, or manuscript. All authors should 

disclose their conflicts of interest, i.e., (1) financial relation-

ships (such as employment, consultancies, stock ownership, 

honoraria, paid expert testimony), (2) personal relationships, 

(3) academic competition, and (4) intellectual passion. These 

conflicts of interest must be included as a footnote on the title 

page or in the Acknowledgements section.

All funding sources should be declared on the title page or 

in the Acknowledgements section at the end of the text. If an 

author’s disclosure of potential conflicts of interest is deter-

mined to be inaccurate or incomplete after publication, a 

correction will be published to rectify the originally pub-

lished disclosure statement, and additional action may be 

taken as necessary.

If one or more editors are involved as authors, the authors 

should declare conflict of interest.

Ex) �AAA has been an editor of the Journal of Evidence-Based 

Practice since 2017; however, he was not involved in the 
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peer reviewer selection, evaluation, or decision process 

of this article. No other potential conflicts of interest rel-

evant to this article were reported.

2. Statement of informed consent
Copies of written informed consents and Institutional Re-

view Board (IRB) approval for clinical research are recom-

mended to be kept. The editor or reviewers may request cop-

ies of these documents to clarify potential ethical issues.

3. Protection of privacy, confidentiality, and written 
informed consent

Identifying details should not be published in written de-

scriptions, photographs, or pedigrees unless it is essential for 

scientific purposes and the patient (or his/her parents or 

guardian) provides written informed consent for publication. 

Additionally, informed consent should be obtained in the 

event that the anonymity of the patient is not assured. For ex-

ample, masking the eye region of patients in photographs is 

not adequate to ensure anonymity. If identifying characteris-

tics are changed to protect anonymity, authors should assure 

that alterations do not distort scientific meaning. When in-

formed consent has been obtained, this should be indicated 

in the published article.

4. Protection of human and animal rights
In the reporting of experiments that involve human sub-

jects, it should be stated that the study was performed ac-

cording to the Helsinki Declaration of 1975 (revised 2013) 

(Available from https://www.wma.net/policies-post/

wma-declaration-of-helsinki-ethical-principles-for-medi-

cal-research-involving-human-subjects/) and approved by 

the Institutional Review Board (IRB) of the institution where 

the experiment was performed. Clinical studies that do not 

meet the Helsinki Declaration will not be considered for pub-

lication. Identifying details should not be published (such as 

name, initial of name, ID numbers, or date of birth).

In the case of an animal study, a statement should be pro-

vided indicating that the experimental processes, such as the 

breeding and the use of laboratory animals, were approved 

by the Research Ethics Committee (REC) of the institution 

where the experiment was performed or that they did not vi-

olate the rules of the REC of the institution or the NIH Guide 

for the Care and Use of Laboratory Animals (Institute of Lab-

oratory Animal Resources, Commission on Life Sciences, Na-

tional Research Council, https://www.nap.edu/cata-

log/5140/guide-for-thecare-and-use-oflaboratory-animals). 

The authors should preserve raw experimental study data for 

at least 1 year after the publication of the paper and should 

present this data if required by the Editorial Board.

5. Registration of the clinical research
All prospective studies must be registered in the primary 

registry before submission. J Evid-Based Pract accepts regis-

tration in any of the primary registries that participate in the 

World Health Organization (WHO) International Clinical Tri-

als Portal (http://www.who.int/ictrp/en), NIH ClinicalTrials.

gov (http://www.clinicaltrials.gov), or Korea Clinical Re-

search Information Service (CRiS, http://cris.nih.go.kr).

6. Reporting guidelines
The J Evid-Based Pract recommends that a submitted 

manuscript follow reporting guidelines appropriate for vari-

ous study types. Good sources for reporting guidelines are 

the EQUATOR Network (www.equatornetwork.org) and the 

NLM’s Research Reporting Guidelines and Initiatives (www.

nlm.nih.gov/services/research_report_guide.html).

7. Author and authorship
An author is considered to be an individual who has made 

substantive intellectual contributions to a published study 

and whose authorship continues to have important academ-

ic, social, and financial implications.

Authorship credit should be based on: (1) substantial con-

tributions to the conception or design of the work, or to the 

acquisition, analysis, or interpretation of data for the work; 

(2) the drafting of the article or revising it critically for import-

ant intellectual content; (3) final approval of the version to be 

published; and (4) agreement on taking accountability for 

the accuracy or integrity of the work. Authors should meet 

these four criteria. and these criteria distinguish the authors 

from other contributors.

Correction of authorship after publication: J Evid-Based 

Pract does not correct authorship after publication unless a 

mistake has been made by the editorial staff. Authorship may 

be changed before publication but after submission when an 

authorship correction is requested by all of the authors in-

volved with the manuscript.

When a large, multicenter group has conducted the work, 

the group should identify the individuals who accept direct 

responsibility for the manuscript. When submitting a manu-

script authored by a group, the corresponding author should 

clearly indicate the preferred citation and identify all individ-

ual authors as well as the group name. Acquisition of fund-

ing, collection of data, or general supervision of the research 

group alone does not constitute authorship. Journals gener-
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ally list other members of the group in the Acknowledgments 

section.

8. Plagiarism and duplicate publication
Plagiarism is the use of previously published material with-

out attribution. Prior to peer review, all manuscripts are 

screened for plagiarism by the Editor-in-Chief using iThenti-

cate. When plagiarism is detected at any time before publica-

tion, the J Evid-Based Pract editorial office will take appropri-

ate action as directed by the standards set forth by the Com-

mittee on Publication Ethics (COPE). For additional informa-

tion, please visit http://www.publicationethics.org. Text cop-

ied from previously published work is interpreted using the 

following taxonomy:

1) Intellectual theft

 � Deliberate copying of large blocks of text without attri-

bution

2) Intellectual sloth

 � Copying of “generic” text, e.g., a description of a standard 

technique, without clear attribution

3) Plagiarism for scientific English

  Copying of verbatim text, often from multiple sources

4) Technical plagiarism

 � Use of verbatim text without identifying it as a direct 

quotation but citing the source

5) Self-“plagiarism”

 � Manuscripts are only accepted for publication if they have 

not been published elsewhere. Manuscripts published in 

this journal should not be submitted for publication else-

where. Duplicate submissions identified during peer re-

view will be immediately rejected, and duplicate submis-

sions that are discovered after publication will be retracted. 

It is mandatory for all authors to resolve any copyright is-

sues when citing a figure or table from a different journal 

that is not open access.

 � When a duplicate publication is detected, the J Evid-Based 

Pract editorial office will notify the counterpart journal of 

this violation. Additionally, it will be notified of the au-

thors’ affiliation, and penalties will be imposed on the au-

thors. It is possible to republish manuscripts if they satisfy 

the condition of secondary publication of the Uniform Re-

quirements for Manuscripts Submitted to Biomedical 

Journals, available at: www.icmje.org. If the author or au-

thors wish to obtain a duplicate or secondary publication 

for reasons such as publication for readers of a different 

language, the author(s) should obtain approval from the 

Editors-in-Chief of both the first and second journal.

V. Manuscript Preparation

J Evid-Based Pract recommends compliance with some or all 

of the following guidelines (https://www.equator-network.

org).

CONSORT for reporting of randomized controlled trials 

(http://www.consort-statement.org)

STARD for reporting of diagnostic accuracy studies (http://

www.stard-statement.org)

STROBE for reporting of observational studies in epidemiol-

ogy (http://www.strobe-statement.org)

PRISMA for reporting of systematic reviews (http://www.

prisma-statement.org)

MOOSE for reporting of Meta-analyses of observational stud-

ies (https://jamanetwork.com/journals/jamasurgery/arti-

cle-abstract/2778476)

CARE for reporting of clinical cases (https://www.care-state-

ment.org)

AGREE for reporting clinical practice guidelines (http://

www.agreetrust.org/resource-centre/agree-reporting-check-

list/)

ARRIVE for reporting of animal pre-clinical studies (https://

arriveguidelines.org/arrive-guidelines)

1. Word processors and format of manuscripts
A manuscript must be written in proper and clear English. 

Our preferred file format is DOCX or DOC. Manuscripts 

should be typed double-spaced on A4-sized paper, using 12 

point font in English.

2. Abbreviation of terminology
Abbreviations should be avoided as much as possible. 

When they are used, full expression of the abbreviated words 

should be provided at the first use, with the abbreviation fol-

lowing in parentheses. Common abbreviations may be used, 

however, such as DNA. Abbreviations can be used if they are 

listed as a MeSH subject heading (https://www.ncbi.nlm.

nih.gov/mesh).

3. Word spacing
1) �Leave 1 space on each side when using arithmetic marks 

such as +,–, × , etc.

  Ex) 24 ±  2.5

  Leave no space when using a hyphen between words.

  Ex) intra-operative

2) When using parentheses, leave 1 space on each side.

3) �When using brackets in parentheses, apply square 

brackets.
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Ex) ([ ])

4. Citations
1) �If a citation has 2 authors, write as “Hirota and Lambert”. 

If there are more than 3 authors, apply “et al.” at the end 

of the first author’s surname.

  Ex) Kim et al. [1]

2) Citations should be applied after the last word.

  Ex) �It is said that hypertension can be induced [1] and 

the way to injure the brain [2] is…

  Ex) Choi and Kim [1] reported…

3) Apply citations before a comma or period.

  Ex) ....is reported [1],

4) �Several or coupled superscripts can be written as [1–5] 

or [1,3,5].

5. Arrangement of manuscript
The manuscript should be organized in the order of title, 

abstract, introduction, methods, results, discussion, acknowl-

edgments, references, tables, figures, and figure legends. Fig-

ures should be uploaded as separate files. The title of each 

new section should begin on a new page. The conclusion 

should be included in the discussion section. Number pages 

consecutively, beginning with the first page of the manu-

script. Page numbers should be placed in the middle of the 

bottom of the page. For survey-based clinical studies, the 

original survey document does not need to be included in 

the body of the manuscript but may be included as a supple-

ment in an appendix.

6. Organization of manuscript
1) Original Article 

(1) Cover page (upload separately)

① Title

Title should be concise and precise. The first word 

should be capitalized. Drug names in the title should 

be written with generic names, not brand names. For 

the title, only the first letter of the first word should be 

capitalized.

Ex) �Effect of smoking on bronchial mucus transport 

velocity under total intravenous anesthesia ···· [○]

Ex) �Effect of Smoking on Bronchial Mucus Transport 

Velocity under Total Intravenous Anesthesia ··· [ × ]

Provide drug names as generic names, not product 

names.

Ex) In CPR, Isosorbide Dinitrate is, ·········· [○]

Ex) In CPR, Isosorbide Dinitrate (Isoket®) is, ·········· [ × ]

Ex) In CPR, Isoket® is, ·········· [ × ]

② Running title

A running title should be provided with no more than 

40 characters, including letters and spaces in Korean, 

or 10 words in English. If this title is inappropriate, the 

Editorial Board may revise it.

③ Author information

First name, middle initial, and last name of each au-

thor, with their highest academic degree(s) (M.D., 

Ph.D., etc.), and institutional affiliations; make sure 

the names of and the order of authors as they appear 

on the Title Page and entered in the system match ex-

actly.

④ Previous presentation at conferences

Title of the conference, date of presentation, and the 

location of the conference may be described.

(2) Manuscript

① �Title and Running title (without author information) 

It should be the same as the Cover page.

② Abstract

All manuscripts should contain a structured abstract 

that is written only in English. Authors should provide 

an abstract of no more than 250 words. It should con-

tain 4 subsections: Background, Methods, Results, 

and Conclusions. Citation of references is not permit-

ted in the abstract. A list of key words at least 6, with a 

maximum of 10 items, should be included at the end 

of the abstract. Key words should be selected from 

MeSH (https://www.ncbi.nlm.nih.gov/mesh), and 

these should be written in small letters with the first 

letter capitalized. Separate each word with a semico-

lon (;), and include a period (.) at the end of the last 

word.

Ex) Keywords: Carbon dioxide; Cerebral vessels; Oxy-

gen; Spinal analgesia.

③ Introduction

The introduction should address the article’s purpose 

concisely and include background information rele-

vant to the paper’s purpose.

④ Methods

The methods section should include sufficient details 

regarding the design, subjects, and methods of the re-

search in order, as well as methods used for data anal-

ysis and control of bias in the study. Sufficient details 

must be provided in the methodology section of an 

experimental study so that others can further repli-

cate it. The study design whether descriptive analysis, 

randomized controlled study, cohort study, or me-

ta-analysis should be stated.
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Materials and/or Participants: The materials used in 

the research should be clearly detailed to facilitate fol-

low-up studies. Any materials purchased should be 

listed with the source or manufacturer. Research par-

ticipants should also be precisely described with pa-

rameters such as age, sex, region, school, country, 

date of intervention period, occupation, etc. Reasons 

for inclusion or selection of participants should be ex-

plained. If a certain group was excluded, this should 

be explained as well. Questionnaires in non-English 

languages may also be included in the Appendix. Sta-

tistical analysis should be meticulously described. If 

reviewers want to analyze the data to confirm the re-

sults, the raw data may be provided to the editorial of-

fice. Computer programs used for the statistical anal-

ysis should be stated with the name, manufacturer, 

and software version used. Along with the statistical 

results, we encourage the inclusion of measurement 

error or uncertainty, such as listing confidence inter-

vals in addition to providing P-values.

Institute and author names should be avoided.

When reporting experiments with human or animal 

subjects, the authors should indicate ethics statement 

whether they received approval from the Institutional 

Review Board for the study. If no IRB number is avail-

able, this should be discussed with the editor during 

the review process. When reporting experiments with 

animal subjects, the authors should indicate whether 

the Institutional Board supervised the handling of the 

animals for the Care and Use of Laboratory Animals. 

Demographic data should be included in the materi-

als and methods section if applicable. As a rule, sub-

section titles are not recommended. If several study 

designs were used, then subtitles can be used without 

assigning numbers.

Ensure correct use of the terms sex (when reporting 

biological factors) and gender (identity, psychosocial 

or cultural factors), and, unless inappropriate, report 

the sex and/or gender of study participants, the sex of 

animals or cells, and describe the methods used to 

determine sex and gender. If the study was done in-

volving an exclusive population, for example in only 

one sex, authors should justify why, except in obvious 

cases (e.g., prostate cancer).

Authors should define how they determined race or 

ethnicity and justify their relevance.

• �Units Laboratory information should be reported 

using the International System of Units [SI], avail-

able at: https://www.nist.gov/pml/special-publica-

tion-811

< Exceptions >

A. �The unit for volume is “L”, while others should be 

written as “dl, ml, μl”.

  Ex) 1 L, 5 ml

B. ��The units for pressure are mmHg or cmH2O.

  instead of Pascal.

C. Use Celsius for temperature. oC

D. Units for concentration are M, mM, μM.

  Ex) μmol/L; [ × ]

E. �When more than 2 items are presented, diagonal 

slashes are acceptable for simple units.

  Negative exponents should not be used.

  Ex) mg/kg/min [O], mgㆍkg-1ㆍmin-1 [ × ]

F. �Leave 1 space between number and units, except %, 

°C.

  Ex) 5 mmHg

  Ex) 5%, 36oC

G. Units of time

  Ex) �hour: 1 h =  60 min =  3,600 s, day: 1 d =  24 h =  

86,400 s

• �Machines and equipment

According to the 11th edition of the American Medi-

cal Association, provide the model name and manu-

facturer’s name without the country.

For drug names, use generic names. If a brand name 

should be used, insert it in parentheses after the ge-

neric name. Provide® or TM as a superscript and the 

manufacturer’s name.

• �Ions

Ex) Na+[○], Mg2+[O], Mg++[ × ], Mg+2[ × ]

Ex) Premedicated magnesium [O]

Ex) Premedicated Mg2+ [O]

⑤ Results

Results should be presented in a logical sequence in 

the text, tables, and figures, giving the main or most 

important findings first. Do not repeat all the data 

provided in the tables or figures in the text; emphasize 

or summarize only the most important observations. 

Results can be sectioned by subsection titles but 

should not be numbered. The citation of tables and 

figures should be provided as Table 1 and Fig. 1.

Type or print each table on a separate page. Figures 

should be uploaded as separate tif, jpg, pdf, gif, ppt 

files.

⑥ Statistics

Precisely describe the methods of statistical analysis 
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and computer programs used. Mean and standard 

deviation should be described as mean ±  SD, and 

mean and standard error should be written as mean 
±  SEM. Median and interquartile should be de-

scribed as median (1Q, 3Q). When displaying P val-

ues, use a capital P and do not put a “-” between “P” 

and “value”.

A. �Describe the statistical tests employed in the study in 

enough detail so readers can reproduce the same re-

sults if the original data are available. The name and 

version of the statistical package should be provided.

B. �Authors should describe the objective of the study and 

hypothesis appropriately. The primary/secondary 

endpoints are predetermined sensibly according to 

the objective of the study.

C. �The characteristics of measured variables should de-

termine the use of a parametric or nonparametric sta-

tistical method. When a parametric method is used, 

the authors should describe whether the basic statisti-

cal assumptions are met.

For an analysis of a continuous variable, the normality of 

data should be examined. Describe the name and result 

of the particular method to test normality.

D. �When analyzing a categorical variable, an exact test or 

asymptotic method with appropriate adjustments 

should be used if the number of events and sample is 

small. The standard chi-squared test or difference- 

in-proportions test may be performed only when the 

sample size and the number of events are sufficiently 

large.

E. �The J Evid-Based Pract strongly encourages authors to 

show confidence intervals. and it is not recommended 

to present the P value without showing the confidence 

interval. In addition, the uncertainty of estimated val-

ues, such as the confidence interval, should be de-

scribed consistently in figures and tables.

F. �Except for study designs that require a one-tailed test, 

for example, non-inferiority trials, the P values should 

be two-tailed. A P value should be expressed up to three 

decimal places (ex. P =  0.160 not as P =  0.16 or P <  

0.05). If the value is less than 0.001, it should be de-

scribed as “P <  0.001” but never as “P =  0.000.” For large 

P value greater than 0.1, the values can be rounded off to 

one decimal place, for example, P =  0.1, P =  0.9.

G. �A priori sample size calculation should be described 

in detail. Sample size calculation must aim at prevent-

ing false negative results pertaining to the primary, in-

stead of secondary, endpoint. Usually, the mean dif-

ference and standard deviation (SD) are typical pa-

rameters in estimating the effect size. The power must 

be equal to or greater than 80 percent. In the case of 

multiple comparisons, an adjusted level of signifi-

cance is acceptable.

H. �When reporting a randomized clinical study, a CON-

SORT type flow diagram, as well as all the items in the 

CONSORT checklist, should be included. If limited in 

terms of the space of the manuscript, this information 

should be submitted as a separate file along with the 

manuscript.

I. �Results must be written in significant figures. The mea-

sured and derived numbers should be rounded off to 

reflect the original degree of precision. Calculated or 

estimated numbers (such as mean and SD) should be 

expressed in no more than one significant digit beyond 

the measured accuracy. Therefore, the mean (SD) of 

cardiac indices in patients measured on a scale that is 

accurate to 0.1 L/min/m2 should be expressed as 2.42 

(0.31) L/min/m2.

J. �Except when otherwise stated herein, authors should 

conform to the most recent edition of the American 

Medical Association Manual of Style.

⑦ Discussion

The discussion should be described to emphasize the 

new and important aspects of the study, including the 

conclusions. Do not repeat in detail the results or oth-

er information that is provided in the introduction or 

the results section. Describe the conclusions accord-

ing to the purpose of the study but avoid unqualified 

statements that are not adequately supported by the 

data. Conclusions may be stated briefly in the last 

paragraph of the discussion section.

⑧ ORCID (Open Researcher and Contributor ID)

All authors are required to provide a fully completed 

ORCID profile. ORCID registration is free and avail-

able to researchers worldwide through the ORCID 

website (https://orcid.org). Manuscripts submitted 

by authors who have not fully completed their ORCID 

profiles will not be considered for authorship and will 

be removed from the author list. Furthermore, if any 

listed author fails to meet this requirement, the man-

uscript will not proceed to the peer review process. 

An example ORCID profile is as follows: Owen Lee: 

https://orcid.org/0000-0002-2117-1437.

⑨ Authors’ contributions

J Evid-Based Pract participates in the CRediT stan-

dard for author contributions. As such, the contribu-
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tions of all authors must be described using the CRed-

iT Taxonomy of author roles. For each of the catego-

ries below, please enter the initials of the authors who 

contributed in that category. If listing more than one 

author in a category, separate each set of initials with 

a space. If no author contributed to a category, you 

may leave that box blank.

The corresponding author is responsible for com-

pleting this information at submission, and it is ex-

pected that all authors will have reviewed, discussed, 

and agreed to their individual contributions before 

this time.

Examples of authors’ contributions:

• Conceptualization: OL.

• Data curation: OL.

• Formal analysis: GJC.

• Funding acquisition: OL.

• Methodology: OL HK GJC.

• Project administration: GJC.

• Visualization: OL HK GJC.

• Writing – original draft: OL GJC.

• Writing – review & editing: OL HK GJC.

⑩ Conflict of Interest

Any conflicts should be disclosed here. This statement 

must be included regardless of the existence of con-

flicts of interest. If the authors have nothing to dis-

close, please state: “No potential conflict of interest 

relevant to this article was reported.”

⑪ Funding

Financial support, including foundations, institutions, 

pharmaceutical and device manufacturers, private 

companies, intramural departmental sources, or any 

other support, should be described.

⑫ Data Availability Statement

J Evid-Based Pract has implemented a mandatory 

data sharing policy, requiring authors to submit raw 

data or data files at the time of manuscript submis-

sion for editorial review. Manuscripts submitted with-

out the required dataset will not proceed to peer re-

view. These data are essential for verifying the accura-

cy of the analysis and ensuring the reproducibility of 

results. Authors must upload data files in csv, xls, xlsx, 

or txt format. If an alternative file format is necessary, 

prior approval from the editorial office is required. If 

data sharing is restricted due to agreements with the 

data provider or other justified reasons, authors must 

consult with the editorial office before submission to 

discuss alternative data-sharing arrangements.

⑬ Acknowledgments

Persons or institutes that contributed to the manu-

script but not sufficiently to be co-authors may be 

recognized.

⑭ Supplementary Materials

If supplementary materials are available, either to aid 

in reader understanding or because data are too 

abundant for inclusion in the main text, these may be 

included as supplementary data. Data files, as well as 

abstract recording, text, audio, or video files, can be 

added here.

⑮ References

• �References should be obviously related to docu-

ments and should not exceed 50 in number. The 

number of references should not exceed 100 in re-

views. However, the number of references has no 

limitation in systematic review and meta-analysis. 

References should be numbered consecutively in 

the order in which they are first mentioned in the 

text. Provide citations in the body text. All references 

should be listed in English, including author, title, 

name of journal, etc.

• �The format for references follows the descriptions 

below. Otherwise, it follows the NLM Style Guide for 

Authors, Editors, and Publishers (Patrias, K. Citing 

medicine: the NLM style guide for authors, editors, 

and publishers [Internet]. 2nd ed. Wendling, DL, 

technical editor. Bethesda (MD): National Library of 

Medicine (US); 2007 [updated 2015 Oct 2; cited Year 

Month Day]. Available at: www.ncbi.nlm.nih.gov/

books/NBK7256/).

• �If necessary, the Editorial Board may request origi-

nal documents for the references.

• �The journal title should be listed according to the 

List of Journals Indexed for MEDLINE, available at: 

https://www.nlm.nih.gov/archive/20130415/tsd/

serials/lji.html, or the List of KoreaMed Journals 

(journal browser of KoreaMed Services), available 

at: http://koreamed.org/JournalBrowserNew.php.

• �Six authors can be listed. If there are more than 6 au-

thors, only list 6 names with “et al.”.

• �Provide the start and final page numbers of the cited 

reference.

• �Abstracts of conferences may not be included in the 

references. The American Society of Anesthesiolo-

gists (ASA) refresher course lecture is not acceptable 

as a reference.

• �Description format
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A. Regular journal

- �Author name. Title of article. Name of journal pub-

lished year; volume: start page-final page.

Ex) �Rosenfeld BA, Faraday N, Campbell D, Dorman T, 

Clarkson K, Siedler A, et al. Perioperative platelet 

activity of the effects of clonidine. Anesthesiology 

1992; 79: 256-61.

Ex) �Hirota K, Lambert DG. Ketamine: its mechanism(s) 

of action and unusual clinical uses. Br J Anaesth 

1996; 77: 741-4.

Ex) ��Kang JG, Lee SM, Lim SW, Chung IS, Hahm TS, Kim 

JK, et al. Correlation of AEP, BIS, and OAA/S scores 

under stepwise sedation using propofol TCI in or-

thopedic patients undergoing total knee replace-

ment arthroplasty under spinal anesthesia. Korean 

J Anesthesiol 2004; 46: 284-92.

- Journal article volume with supplement

Ex) �Doherty JS, Froom SR, Gildersleve CD. Pediatric la-

ryngoscopes and intubation aids old and new. Pae-

diatr Anaesth 2009; 19 Suppl 1: 30-7.

- Journal article issue with supplement

Ex) �Lee S, Han JW, Kim ES. Butyrylcholinesterase defi-

ciency identified by preoperative patient interview. 

Korean J Anesthesiol 2013; 65(6 Suppl): S1-3.

B. Monographs

- �Author. Book name. Edition. Place, press. Published 

year, pp (start page)-(End page).

- If reference page is only 1 page, mark ‘p’.

- Note if it is beyond the 2nd edition.

Ex) �Nuwer MR. Evoked potential monitoring in the op-

erating room. 2nd ed. New York, Raven Press. 1986, 

pp 136- 71.

- �Translated documents cannot be used as references. 

The original documents should be provided as refer-

ences.

C. Chapter

  Any separate author of a chapter should be provided.

  Ex) �Blitt C. Monitoring the anesthetized patient. In: 

Clinical Anesthesia. 3rd ed. Edited by Barash PG, 

Cullen BF, Stoelting RK: Philadelphia, Lippincott 

-Raven Publishers. 1997, pp 563-85.

D. Electronic documents

  Ex) �Grainge MJ, Seth R, Guo L, Neal KR, Coupland C, 

Vryenhoef P, et al. Cervical human papillomavirus 

screening among older women. Emerg Infect Dis 

[serial on the Internet]. 2005 Nov [2005 Nov 25]. 

Available from wwwnc.cdc.gov/eid/article/11/11/ 

05-0575_article.

E. Online journal article

  Ex) �Sampson AL, Singer RF, Walters GD. Uric acid low-

ering therapies for preventing or delaying the pro-

gression of chronic kidney disease. Cochrane Da-

tabase Syst Rev 2017; 10: CD009460.

F. Advance access article

  Ex) �Baumbach P, Gotz T, Gunther A, Weiss T, Meissner 

W. Chronic intensive care-related pain: Explorato-

ry analysis on predictors and influence on 

health-related quality of life. Eur J Pain 2017. Ad-

vance Access published on Nov 5, 2017. doi:10. 

1002/ejp. 1129.

The reference style for J Evid-Based Pract is convenient-

ly available as an out-of-the-box style within both End-

Note and RefWorks.

⑯ Tables

Only one table is to be drawn per page in the order 

cited in the text.

The title of the table is to be in English and written at 

the top of the table in the form of a phrase.

Words in the table excluding the title should use capi-

tal letters for the first word, and the following words 

are to be written in small letters.

For demographic data, gender is recorded as M/F, age 

as yr, (if necessary, use days or months in children) 

without decimal point. The “ ± ” sign within the table 

is to be aligned with the rows above and below.

Footnotes are to be written in the following order: 

“Values are mean ±  SD (or SEM) or median (1Q, 3Q)”, 

the explanations for the groups and the abbreviations 

in order of appearance, and statistics. Abbreviations 

apart from internationally recognized abbreviations 

are to be explained with their full spellings at the bot-

tom of the table. Full spellings are to be presented 

even for repeated abbreviations for each table in or-

der of appearance.

Significance marks are to conform to the Vancouver 

style (Uniform Requirements for Manuscripts Sub-

mitted to Biomedical Journals. JAMA 1997; 227: 927-

34). In other words, these must be in the order of *, †, 

‡, §, ∥, ¶, **, ††, ‡‡ and written as superscripts.

⑰ Legends for figures and photographs

All of the figures and photographs should be de-

scribed in the text separately.

The description order is the same as in the footnotes 

in tables and should be in recognizable sentences.

Define all abbreviations every time they are repeated.

(3) Figures and Photographs
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① �JBEP encourages authors to use color to increase the 

clarity of figures. Please note that color figures are 

used without charge for online reading. However, 

since it will be charged upon the publication, authors 

may choose to use colors only for online reading.

② �Standard colors should be used (black, red, green, 

blue, cyan, magenta, orange, and gray). Avoid colors 

that are difficult to see on the printed page (e.g., yel-

low) or are visually distracting (e.g., pink). Figure 

backgrounds and plot areas should be white, not gray. 

Axis lines and ticks should be black and thick enough 

to frame the image clearly. Axis labels should be large 

enough to be easily readable, and printed in black.

③ �Figures should be uploaded as separate tif, jpg, pdf, 

gif, or ppt files. The width of figure should be 84 mm 

(one column). The contrast of photos or graphs 

should be at least 600 dpi. The contrast of line draw-

ings should be at least 1,200 dpi. Number figures as 

“Fig. (Arabic numeral)” in the order of their citation 

(ex. Fig. 1).

④ �Photographs should be submitted individually. If Fig. 

1 is divided into A, B, C, and D, do not combine it into 

1, but submit each of them separately. Authors should 

submit line drawings in black and white.

⑤ �In horizontal and vertical legends, the letter of the first 

English word should be capitalized.

⑥ �Connections between numbers should be denoted by 

“–”, not “~”. Do not space the numbers (ex. 2–4).

⑦ �An individual should not be recognizable in photo-

graphs or X-ray films unless written consent has been 

obtained from the subject and is provided at the time 

of submission.

⑧ �Pathological samples should be pictured with a mea-

suring stick.

2) Review

This review article synthesizes previously published mate-

rial into an integrated presentation of our current under-

standing of a topic. Review articles should describe aspects of 

a topic in which scientific consensus exists, as well as aspects 

that remain controversial and are the subject of ongoing sci-

entific disagreement and research. Review articles are invited 

only by editorial board. If authors want to submit an unsolict-

ed review article, please contact editorial office (ksebm.of-

fice@gmail.com). Review articles should include unstruc-

tured abstracts written in English equal to or less than 250 

words. The organization should be in order of abstract, intro-

duction, text following each title, conclusion and references. 

Figures and tables should be provided in English. Body text 

should not exceed 30 A4-sized pages, and the number of fig-

ures and tables should each be less than 6. However, if neces-

sary, the number of pages, the number of figures and tables 

can be added in accordance with the decision of the editorial 

committee.

3) Systematic review and meta-analysis

Systematic review and meta-analysis are considered as an 

original article. Systematic reviews are systematic, critical as-

sessments of literature and data sources in order to answer a 

specific question, and/or includes a statistical technique 

leading to a quantitative summary of results and examining 

sources of differences in results among studies, if any. The 

subtitle should include the phrase “A systematic review” and/

or “A Meta-analysis.” Organization of systematic review and 

meta-analysis: Same as original article, except,

• �All systematic reviews and meta-analyses should be regis-

tered at an appropriate online public registry (eg, PROSPE-

RO; http://www.crd.york.ac.uk/PROSPERO/), and registra-

tion information should be included with the submission.

Authors of reports of meta-analyses of clinical trials should 

submit the PRISMA flow diagram. The PRISMA checklist 

should be submitted as a separate file along with the manu-

script. For information regarding PRISMA guidelines, 

please visit http://www.prisma-statement.org or EQUATOR 

Network (https://www.equator-network.org/home/). Sys-

tematic reviews and meta-analyses of observational studies 

in epidemiology should be reported according to MOOSE 

guidelines. For more information regarding MOOSE guide-

lines, please visit http://www.equator-network.org/report-

ing-guidelines/meta-analysis-of-observational-stud-

ies-in-epidemiology-a-proposal-for-reporting-meta-analy-

sis-of-observational-studies-in-epidemiology-moose-group/.

• �Number of references has no limitation in systematic review 

and meta-analysis.

4) Case Report

A case report is almost never a suitable means to describe 

the efficacy of a treatment or a drug; instead, an adequately 

powered and well-controlled clinical trial should be per-

formed to demonstrate such efficacy. The only context in 

which a case report can be used to describe efficacy is in a 

clinical scenario, or population, that is so unusual that a clin-

ical trial is not feasible. Case reports of humans must state in 

the text that informed consent to publication was obtained 

from the patient or guardian. Copies of written informed 

consents should be kept. If necessary, the editor or reviewers 
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may request copies of these documents. If these steps are im-

possible, Institutional Review Board approval should be ob-

tained prior to submission. The rarity of a disease condition 

is itself not an acceptable justification for a case report. State-

ment describing compliance with CARE for reporting of clin-

ical cases (https://www.care-statement.org) guideline is rec-

ommend.

(1) �Cover page: Same as that for clinical and experimental 

studies.

(2) �Abstract: All case reports should contain a structured 

abstract that is written only in English. Provide an ab-

stract of no more than 150 words. It should contain 3 

subsections: Background, Case, and Conclusions. A list 

of keywords, with a Minimum of 6, should be included 

at the end of the abstract.

(3) �Introduction: Should not be separately divided. Briefly 

describe the case and background without a title.

(4) �Case report: Describe only the clinical information that 

is directly related to the diagnosis and anesthetic man-

agement.

(5) �Discussion: Briefly discuss the case, and state conclu-

sions at the end of the case. Do not structure the con-

clusion section separately.

(6) �References: The number of references should be less 

than 20. However, if necessary, the number of reference 

can be added in accordance with the decision of the 

editorial committee.

(7) �Tables and figures: Proportional to those for clinical and 

experimental studies.

5) Letter to the Editor

Letter to the Editor should include brief constructive com-

ments that concern previously published articles and inter-

esting cases. Letters to the Editor should be submitted no 

more than 3 months after the paper has been published.

(1) �Cover pages should be formatted in the same way as 

those of clinical research papers. The corresponding 

author should be the first author. A maximum of five 

authors is allowable.

(2) �The body text should not exceed 1,000 words and 

should have no more than 5 references. A figure or a ta-

ble may be used.

(3) �Letters may be edited by the Editorial Board, and if nec-

essary, responses by the author of the subject paper 

may be provided.

6) Editorial

Editorial is invited by the editorial committee and should 

be commentaries on articles recently published in the J Ev-

id-Based Pract, and can be described in free style.
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☐ �Manuscript in MS-WORD (DOC, DOCX) format.

☐ �Double-spaced typing with 12-point font.

☐ �Sequence of title page, abstract and keywords, introduction, methods, results, discussion, and conclusions, acknowledg-

ments, references, tables, and figure legends. All pages and manuscript text with line should be numbered sequentially, start-

ing from the abstract.

☐ �Title page with article title, authors’ full name(s) and affiliation(s), address for correspondence (including telephone number, 

e-mail address, and fax number), running title (less than 50 characters), and acknowledgments, if any.

☐ �Abstract in structured format up to 300 words for original articles. Keywords (up to 5) from the MeSH list of Index Medicus.

☐ �All table and figure numbers are found in the text.

☐ �Figures as separate files, in TIFF, JPG, GIF, or PPT format.

☐ �References listed in proper format. All references listed in the reference section are cited in the text and vice versa.

Author’s checklist
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