
Medical Research Archives | https://doi.org/10.18103/mra.2026.0382  1 

 
 
 
 
 
 
 
 
 

 

 

 

 
 
 
 

 
 
 
 
 
 

 

 
 
 
 
 

THE EUROPEAN SOCIETY OF MEDICINE 
 

Published 31 July 2026 

ABSTRACT 
 
 

Bibliometric and Metadata Indicators to Support Literature 
Screening in Clinical Practice Guidelines: Identification 
and External Validation 
Ayaka Sudo1, Keiko Fujino2, Shingo Hatakeyama3, Kazuyuki Mori3, Shiro Hinotsu1* 

Background: Clinical practice guidelines play a major role in implementing evidence-based medicine 
into clinical practice. However, guideline development requires screening hundreds to thousands of 
candidate articles to identify literature supporting recommendations, imposing a substantial burden 
on physicians involved in guideline development. Indicators that characterize candidate articles from 
multiple perspectives could help reduce this literature-screening burden. 
 

Aims: To identify bibliometric indicators and metadata associated with article citation in clinical 
practice guidelines and to evaluate their external validity. 
 

Methods: The published search strategies of the 2023 Japanese Urological Association and 2025 European 
Association of Urology guidelines for upper tract urothelial carcinoma were rerun to construct derivation 
and validation datasets. Bibliometric indicators (citation counts and journal characteristics) and metadata 
(study design) were collected using values available from each guideline’s literature search. Associations 
between guideline citation and each indicator were evaluated using multivariable logistic regression, 
and discrimination was assessed by the area under the receiver operating characteristic curve. 
 

Results: In the derivation dataset, three factors were independently associated with guideline citation: 
average citations per year (odds ratio, 1.017; 95% confidence interval, 1.007–1.025), journal Cited 
Half-Life (odds ratio, 1.219; 95% confidence interval, 1.110–1.340), and randomized controlled trial 
or meta-analysis (odds ratio, 10.775; 95% confidence interval, 5.668–20.482). In the validation 
dataset, the same three factors showed associations in the same direction (odds ratios, 1.093, 1.047, 
and 2.827). The area under the receiver operating characteristic curve was 0.766 (95% confidence 
interval, 0.691–0.841) in the derivation dataset and 0.768 (95% confidence interval, 0.730–0.806) in 
the validation dataset. These factors reflected three aspects of candidate articles: citation density, 
persistence of citation in the publishing journal, and study design. 
 

Conclusion: Average citations per year, journal Cited Half-Life, and randomized controlled trial or 
meta-analysis were associated with guideline citation across two guidelines in the same disease area, 
supporting the external validity of these factors. These three indicators capture complementary 
aspects of candidate articles and may help reduce the burden on physicians involved in clinical 
practice guideline development. 
 

Keywords: clinical practice guidelines; evidence-based medicine; literature screening; guideline 
development; urology.  
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Introduction 
Clinical practice guidelines (CPGs) play a major role in implementing evidence-based medicine into clinical 
practice1,2. These guidelines are developed by panels of experts in each relevant field. In their development, 
a comprehensive literature search is first conducted to identify articles that may support recommendations. 
From the large number of candidate articles retrieved—often ranging from several hundred to several 
thousand—primary and secondary screening are performed to select a final set of several tens to several 
hundred articles1,3. This selection process depends largely on manual review by panel members and imposes 
a substantial burden on the clinicians involved. Indeed, several qualitative studies of guideline developers 
have reported that the systematic review process, which involves literature searching and screening, is one 
of the most time- and resource-intensive steps in guideline development4,5. If the articles ultimately selected 
possess characteristics that can be captured objectively, these characteristics could serve as cues to support 
the narrowing of candidate articles prior to full-text review. From this perspective, the use of bibliometric 
indicators and metadata of candidate articles—which can be obtained objectively without reading the full 
text—may offer a practical means of supporting literature screening. 
 

Attempts to analyze the characteristics of articles cited in clinical practice guidelines using bibliometric 
approaches date back more than two decades6. Previous studies have reported that articles cited in CPGs 
have certain characteristics in terms of citation counts, publishing journals, and study design7-11. However, 
several gaps remain in these previous studies. First, few studies have examined the full population of 
candidate articles, including articles cited and not cited in the guideline. Second, indicator values are 
sometimes measured after guideline development and may have been influenced by post-publication 
citation accumulation or updates to journal metrics. Lastly, multivariable analyses handling multiple 
indicators simultaneously and external validation across guidelines that differ in organization, region, and 
bibliographic database remain limited. 
 

Given this background, in the present study, we aimed to examine the full candidate article set retrieved 
during the development of the Japanese Urological Association (JUA) guideline for upper tract urothelial 
carcinoma in order to identify bibliometric indicators and metadata associated with the citation of articles in 
the guideline as supporting evidence. We then aimed to evaluate the external validity of the identified 
factors using the European Association of Urology (EAU) guideline in the same disease area. 
 

Methods 
 

Study design 
The present retrospective observational study was conducted using candidate article sets retrieved during 
guideline literature searching as the analytical population. The outcome was whether a candidate article was 
cited in the target guideline text as supporting evidence for recommendations. Candidate articles were 
defined as articles retrieved by rerunning the search strategies published in the target guidelines. Guideline-
cited articles were defined as academic journal articles among the candidate articles that were cited in the 
guideline text as supporting evidence for recommendations; all other candidate articles were defined as 
non-cited articles. Figure 1 shows the study workflow. This study was conducted in two stages. In Stage 1, indicators 
associated with guideline citation were identified using the derivation dataset constructed from the 2023 
JUA guideline for upper tract urothelial carcinoma. In Stage 2, external validity was evaluated using the 
validation dataset constructed from the 2025 EAU guideline on upper urinary tract urothelial carcinoma, by 
examining whether the same indicator set showed associations in the same direction with similar discrimination. 
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Figure 1. Study workflow. Using the derivation dataset, we identified factors associated with guideline citation in clinical practice guidelines. 
We then used the validation dataset to evaluate the external validity of the identified factors. Candidate indicators included citation 
counts, journal indicators, and study design. JUA, Japanese Urological Association; EAU, European Association of Urology. 
 
Guideline selection 
Eligible guidelines were limited to clinical practice guidelines with publicly available literature search 
strategies that allowed reconstruction of the full candidate article set. Both JUA 2023 and EAU 2025 were 
selected because they met this condition and addressed the same disease area while differing in guideline 
organization, region, and bibliographic database. Candidate articles from JUA 2023 were used as the 
derivation dataset, and candidate articles from EAU 2025 were used as the validation dataset.  
 
Data collection 
 
(1) Derivation dataset (JUA 2023) 
We reran the Clinical Question search strategies published in JUA 2023 in PubMed12,13. The retrieved results 
were merged to create the derivation dataset. 
 
(2) Validation dataset (EAU 2025) 
The Ovid Embase search strategy reported in EAU 2025 was converted into an Embase-compatible format 
and rerun14. The number of records retrieved after conversion matched the number reported in the 
guideline, confirming the consistency of the search-strategy conversion. Because the publicly reported 
search was an update search restricted to the previous 2 years, it yielded only 12 guideline-cited articles. 
This number was insufficient for stable multivariable estimation using the three selected indicators. 
Therefore, while preserving the search concepts and exclusion criteria, we expanded only the publication-
year restriction back to 1991, the earliest publication year among articles cited in EAU 2025. The resulting 
3,710 articles constituted the validation dataset (Table 1). 

https://doi.org/10.18103/mra.2026.03
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Table 1. Dataset overview 
 

Item Derivation dataset Validation dataset 
Guideline-developing organization Japanese Urological Association European Association of Urology 
Database used PubMed Embase 
Guideline literature search date 14 Feb 2022 to 20 Apr 2022 6 May 2024 
Publication years of candidate articles 
Number of candidate articles 

2006–2022 
2,728 

1991–2024 
3,710 

Number of articles cited in the guideline 55 192 
Proportion cited in the guideline (%) 2.02% 5.18% 

 

(3) Outcome 
For each candidate article in both datasets, guideline citation status was assigned as cited (=1) if the article 
was cited in the guideline text as supporting evidence for recommendations and non-cited (=0) otherwise. 
Non-journal materials, such as books and web resources, were excluded from guideline-cited articles eligible 
for analysis. 
 

(4) Timing and definition of indicators 
Citation and journal indicators were restricted to values available at the time of the actual guideline literature 
searches. This approach was used to minimize the influence of data accumulated after guideline publication 
and to reproduce the indicator values as they were at the time of literature searching. For each candidate 
article, bibliometric indicators (citation indicators and journal indicators) and metadata (study design) were 
collected. The indicators are shown in Table 2. 
 

Citation indicators: Citation data were obtained from Web of Science (WoS).15 To restrict information to 
values available at the time of each guideline literature search, cumulative citation counts through the end 
of the year before the search year were used. Because WoS citation data are aggregated annually, this value 
represented the most recent available annual citation data at the time of searching. Average citations per 
year were calculated by dividing cumulative citations by years since publication. For articles published in the 
same year as the search, cumulative citations through the previous year were set to 0, and average citations 
per year were also set to 0. 
 

Journal indicators: Journal indicators were obtained from Journal Citation Reports (JCR).16 The JCR edition 
available at the time of the actual guideline literature search was used. 
 

Study design variable: Study design information was obtained from PubMed or Embase indexing 
information17,18. Randomized controlled trials (RCTs) and meta-analyses were analyzed together as a single 
binary variable because the aim was to derive an operational variable that could be readily added to 
candidate article lists, rather than to compare study designs themselves. 
 
Table 2. Candidate indicators 
 

Indicator name Category Definition Data source 

Total citations Citations 
Cumulative citations through the year preceding the guideline literature 
search year 

Calculated 
from WoS 

Average citations per 
year 

Citations 
Average citations per year, calculated by dividing cumulative citations 
through the year preceding the guideline literature search year by years 
since publication 

Calculated 
from WoS 

Journal Impact 
Factor (JIF) 

Journal 
All citations in the current JCR year to items published in the previous 2 
years, divided by the total number of scholarly items published in those 
2 years. 

JCR 

5-Year JIF Journal 
The average number of times articles from the journal published in the 
past 5 years have been cited in the JCR year. 

JCR 

JIF without Self-Cites Journal JIF excluding journal self-citations JCR 

Eigenfactor Score Journal 
Based on citations in the JCR year to articles published in the past 5 
years, considering which journals contributed these citations so highly 
cited journals have more influence. 

JCR 

https://doi.org/10.18103/mra.2026.03
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Indicator name Category Definition Data source 

Normalized 
Eigenfactor 

Journal 
The Eigenfactor score normalized so that the average journal has a 
score of 1. 

JCR 

Article Influence 
Score 

Journal 
The average influence of a journal's articles over the first 5 years after 
publication. 

JCR 

Journal Citation 
Indicator 

Journal 
Based on the mean category normalized citation impact for citations in 
the three previous years and the JCR year to items published in the 
previous three years. 

JCR 

Immediacy Index Journal 
The average number of times an article is cited in the year it is 
published. 

JCR 

Cited Half-Life (CHL) Journal Median age of the articles that were cited in the JCR year. JCR 
Citing Half-Life Journal Median age of articles cited by the journal in the JCR year. JCR 

RCT or meta-analysis Design RCT or meta-analysis based on PubMed or Embase indexing 
PubMed or 
Embase 

 

Citation indicators were calculated from year-specific citation counts retrieved from Web of Science (WoS). Journal indicators were obtained from 
Journal Citation Reports (JCR), and study design indicators were based on database indexing information from PubMed or Embase. 
 

Data integration 
Candidate article sets and indicator data were integrated in R version 4.3.3. Records were matched using 
PubMed identifiers (PMIDs) as the primary key; for articles without a PMID, digital object identifiers and 
bibliographic information (ISSN + volume + start page) were used as supplementary keys. After automated 
matching, the final datasets were confirmed by visual review. 
 

Statistical analysis 
The statistical analysis aimed to identify indicators associated with guideline citation and to evaluate whether 
those associations were reproduced in a different candidate article set. First, descriptive statistics were 
calculated for candidate articles in the derivation dataset. Continuous variables are presented as medians 
and interquartile ranges, and binary variables as counts and percentages. 
 

Next, univariable logistic regression analysis was conducted for each candidate indicator, and correlations 
between indicators were evaluated using Spearman rank correlation coefficients. An absolute correlation 
coefficient of ≥0.70 was considered high; highly correlated indicators were not entered into the same model. 
 

Based on clinical guideline relevance and previous studies, average citations per year and RCT or meta-
analysis were selected as base indicators. Journal indicators were then compared by replacing the journal 
indicator in the model. To compare these journal indicators within a common population, the comparison 
was restricted to candidate articles for which all journal indicators were available. The number of explanatory 
variables was limited using events per variable of ≥10 as a guide19. 
 

Using the derivation dataset, multivariable logistic regression analysis was performed with the finalized 
indicator set as explanatory variables and guideline citation as the outcome. Odds ratios (ORs) and 95% 
confidence intervals (CIs) were calculated. Variance inflation factors (VIFs) were calculated, and VIFs of ≥10 
were considered to indicate possible multicollinearity20. Discrimination was evaluated using the area under 
the receiver operating characteristic curve (AUC) and its 95% CI. As an internal validity check, optimism-
corrected AUCs and 95% CIs were calculated using 2,500 bootstrap resamples. Continuous variables were 
entered on their original scale to prioritize practical interpretability. 
 

In the validation dataset, multivariable logistic regression analysis was performed using the same indicator 
set determined in the derivation dataset. Following the same procedure, ORs and 95% CIs, VIFs, AUCs and 
95% CIs, and optimism-corrected AUCs and 95% CIs were calculated. Journal indicators derived from JCR 
were unavailable for some articles because of non-indexed journals or related reasons; missing values were 
not imputed. No class-imbalance correction, such as weighting or undersampling, was applied. Analyses 
were performed using JMP Pro version 17.0. Two-sided p<0.05 were considered significant. Descriptive 
statistics were reported to two decimal places, and ORs and AUCs to three decimal places. 

https://doi.org/10.18103/mra.2026.03
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Ethics 
This study used only bibliographic information and indicator data obtained from commercial databases and 
did not involve personal information. Institutional review board approval was not required. 
 

Results 
 

Variable selection 
 

(1) Descriptive statistics and univariable analysis 
We used the derivation dataset to explore variables associated with citation as a referenced article in the 
guideline. Descriptive statistics for each candidate indicator are shown in Table 3. The citation indicators 
and the study-design indicator were available for all candidate articles, whereas the JCR-derived journal 
indicators varied in availability, with missing values for some articles. The univariable analyses are shown in 
Table 4. In univariable logistic regression, the citation indicators (both cumulative citations and average 
citations per year), all journal indicators except Citing Half-Life, and the study-design indicator were 
associated with guideline citation. 
 

Table 3. Descriptive statistics for the derivation dataset 
 

Indicator Summary statistic n Missing 
Average citations per year 1.00 (0.06–3.25) 2,728 0 
Total citations 4.00 (1.00–14.00) 2,728 0 
Journal Impact Factor (JIF) 3.66 (2.63–6.50) 2,351 377 
5-Year JIF 3.77 (2.79–6.63) 1,918 810 
JIF without Self-Cites 3.53 (2.42–5.77) 2,351 377 
Immediacy Index 0.83 (0.58–1.41) 2,349 379 
CHL 5.40 (3.90–7.40) 2,486 242 
Citing Half-Life 6.20 (5.40–7.00) 2,473 255 
Article Influence Score 0.77 (0.62–1.57) 2,469 259 
Eigenfactor Score 0.01 (0.00–0.03) 2,486 242 
Normalized Eigenfactor 1.86 (0.88–5.69) 2,486 242 
Journal Citation Indicator 0.77 (0.58–1.23) 2,482 246 
RCT 46 (1.69%) 2,728 0 
Meta-analysis 70 (2.57%) 2,728 0 
RCT or meta-analysis 116 (4.25%) 2,728 0 

 

Candidate articles, n=2,728 (55 articles cited in the guideline). Continuous variables are shown as median (interquartile range), and binary variables 
as n (%). n indicates the number of articles for which the indicator was available; missing indicates the number of articles for which the value could 
not be obtained. 
 

Table 4. Univariable logistic regression results 
 

Indicator OR (95% CI) p-value 
Average citations per year 1.019 (1.011–1.027) <0.001 
Total citations 1.003 (1.001–1.004) <0.001 
Journal Impact Factor (JIF) 1.014 (1.008–1.020) <0.001 
5-Year JIF 1.012 (1.005–1.020) 0.006 
JIF without Self-Cites 1.014 (1.008–1.020) <0.001 
Immediacy Index 1.039 (1.023–1.057) <0.001 
CHL 1.188 (1.089–1.295) <0.001 
Citing Half-Life 0.923 (0.725–1.168) 0.511 
Article Influence Score 1.057 (1.034–1.081) <0.001 
Eigenfactor Score 6.192 (2.216–17.297) 0.004 
Normalized Eigenfactor 1.009 (1.004–1.013) 0.004 
Journal Citation Indicator 1.067 (1.028–1.108) 0.003 
RCT 18.843 (8.989–39.498) <0.001 
Meta-analysis 6.042 (2.631–13.875) <0.001 
RCT or meta-analysis 12.780 (7.027–23.251) <0.001 

 

Guideline citation status was the outcome and each indicator an explanatory variable. For continuous indicators, ORs are estimated per 1-unit 
increase. For study-design indicators, ORs represent the comparison of the binary variable (yes vs no). The table also shows 95% confidence intervals 
(CIs) and p-values. 

https://doi.org/10.18103/mra.2026.03
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(2) Correlation analysis and journal indicator comparison 
The indicators entered into the multivariable model were selected on the basis of inter-indicator correlations 
(Table 5). The two citation indicators were strongly correlated (Spearman’s ρ=0.93), so average citations per 
year was retained because it adjusts for time since publication. For study design, RCTs and meta-analyses 
were grouped into a single “RCT or meta-analysis” indicator to obtain an operational variable that could be 
readily added to candidate article lists, rather than to compare study designs themselves; this was used as 
a base indicator. Among the journal indicators, most were weakly to moderately correlated with the citation 
indicators. By contrast, Cited Half-Life (CHL) showed almost no correlation with either the citation or impact 
factor indicators (|ρ| ≤0.09). 
 
Table 5. Correlation analysis 
 

Indicator 1 2 3 4 5 6 7 8 9 10 11 12 

1. Average citations per year 1.00 0.93 0.37 0.38 0.37 0.36 0.03 -0.17 0.40 0.19 0.19 0.35 

2. Total citations 0.93 1.00 0.29 0.29 0.29 0.28 0.09 -0.13 0.32 0.15 0.15 0.27 

3. JIF 0.37 0.29 1.00 0.97 1.00 0.96 0.01 -0.32 0.99 0.41 0.41 0.93 

4. 5-Year JIF 0.38 0.29 0.97 1.00 0.97 0.95 0.00 -0.29 0.97 0.36 0.36 0.98 

5. JIF without Self-Cites 0.37 0.29 1.00 0.97 1.00 0.96 0.01 -0.32 0.99 0.41 0.41 0.93 

6. Immediacy Index 0.36 0.28 0.96 0.95 0.96 1.00 0.02 -0.30 0.96 0.38 0.38 0.95 

7. CHL 0.03 0.09 0.01 0.00 0.01 0.02 1.00 0.17 0.03 -0.04 -0.04 0.05 

8. Citing Half-Life -0.17 -0.13 -0.32 -0.29 -0.32 -0.30 0.17 1.00 -0.31 0.04 0.04 -0.29 

9. Article Influence Score 0.40 0.32 0.99 0.97 0.99 0.96 0.03 -0.31 1.00 0.41 0.41 0.94 

10. Eigenfactor Score 0.19 0.15 0.41 0.36 0.41 0.38 -0.04 0.04 0.41 1.00 1.00 0.32 

11. Normalized Eigenfactor 0.19 0.15 0.41 0.36 0.41 0.38 -0.04 0.04 0.41 1.00 1.00 0.32 

12. JCI 0.35 0.27 0.93 0.98 0.93 0.95 0.05 -0.29 0.94 0.32 0.32 1.00 
 

Spearman rank correlation coefficients (ρ) among indicators. We regarded |ρ| ≥0.70 as high correlation and used this as a criterion for avoiding 
simultaneous entry of highly correlated indicators during variable selection. Abbreviations: CHL, Cited Half-Life; JCI, Journal Citation Indicator; JIF, 
Journal Impact Factor. 
 
With these two base indicators (average citations per year and RCT or meta-analysis) held fixed, each JCR-
derived journal indicator was compared individually. Because the journal indicators differed in terms of the 
number of missing values, comparing models on populations that varied by indicator could introduce bias 
arising from differing missing data patterns. Therefore, this comparison was restricted to articles for which 
all 10 candidate JCR journal indicators were available (n=1,901), and the 10 single indicator replacements 
were estimated and compared on the same population (Table 6). In this comparison, CHL was the only 
journal indicator independently and significantly associated with guideline citation (OR, 1.203; 95% CI, 
1.071–1.346; p=0.001). The other journal indicators, including Journal Impact Factor (JIF), 5-Year JIF, and 
Article Influence Score, did not reach significance after the base indicators were fixed (all p>0.05). Therefore, 
CHL was selected as the final journal indicator, and the final indicator set consisted of average citations per 
year, CHL, and RCT or meta-analysis. 
 
Table 6. Replacement comparison of journal indicators 
 

Journal Indicators 
Journal Indicators 

OR (95% CI) 
p-value 

Average citations  
per year 

OR (95% CI) 
p-value 

RCT or meta-analysis 
OR (95% CI) 

p-value 

JIF 
1.005 

(0.994–1.013) 
0.288 

1.013 
(1.002–1.023) 

0.012 
10.854 

(5.426–21.714) 
<0.001 

5-Year JIF 
1.004 

(0.990–1.013) 
0.423 

1.014 
(1.003–1.024) 

0.008 
11.171 

(5.630–22.166) 
<0.001 

https://doi.org/10.18103/mra.2026.03
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Journal Indicators 
Journal Indicators 

OR (95% CI) 
p-value 

Average citations  
per year 

OR (95% CI) 
p-value 

RCT or meta-analysis 
OR (95% CI) 

p-value 

JIF without Self-Cites 
1.005 

(0.994–1.013) 
0.296 

1.013 
(1.002–1.023) 

0.012 
10.867 

(5.433–21.739) 
<0.001 

Immediacy Index 
1.018 

(0.990–1.041) 
0.143 

1.013 
(1.001–1.023) 

0.016 
10.780 

(5.414–21.464) 
<0.001 

CHL 
1.203 

(1.071–1.346) 
0.001 

1.015 
(1.005–1.024) 

0.002 
12.278 

(6.173–24.418) 
<0.001 

Citing Half-Life 
1.321 

(0.967–1.790) 
0.076 

1.018 
(1.008–1.028) 

<0.001 
13.340 

(6.634–26.826) 
<0.001 

Article Influence Score 
1.020 

(0.979–1.053) 
0.269 

1.013 
(1.002–1.023) 

0.018 
10.822 

(5.411–21.643) 
<0.001 

Eigenfactor Score 
3.452 

(0.514–13.237) 
0.123 

1.014 
(1.003–1.023) 

0.007 
11.295 

(5.718–22.312) 
<0.001 

Normalized Eigenfactor 
1.006 

(0.997–1.012) 
0.123 

1.014 
(1.003–1.023) 

0.007 
11.295 

(5.718–22.312) 
<0.001 

Journal Citation Indicator 
1.023 

(0.950–1.070) 
0.407 

1.014 
(1.003–1.024) 

0.006 
11.222 

(5.670–22.210) 
<0.001 

 

Restricted to articles for which all 10 journal indicators were available (n=1,901). With guideline citation status as the outcome and average citations 
per year and RCT or meta-analysis fixed as common explanatory variables, models were compared by replacing only the journal indicator. The 
reported ORs are shown per 1-unit increase, with 95% CIs and p-values. 
 

Identification of associated factors in the derivation dataset 
The derivation dataset included 2,728 candidate articles, of which 55 were guideline-cited articles. The 
analysis population comprised 2,486 articles for which all three indicators were available; 54 of these articles 
were guideline-cited articles. In multivariable logistic regression, average citations per year, CHL, and RCT 
or meta-analysis were each independently associated with guideline citation (Table 7). The ORs (95% CIs) 
were 1.017 (1.007–1.025; p<0.001) for average citations per year, 1.219 (1.110–1.340; p<0.001) for CHL, 
and 10.775 (5.668–20.482; p<0.001) for RCT or meta-analysis. No evidence of multicollinearity among the 
indicators was noted (maximum VIF, 1.02). The AUC was 0.766 (95% CI, 0.691–0.841), and the optimism-
corrected AUC was 0.765 (95% CI, 0.691–0.842) (Figure 2). 
 

External validation in the validation dataset 
The validation dataset included 3,710 candidate articles, of which 192 were guideline-cited articles. The 
analysis population comprised 3,395 articles for which all three indicators were available; 190 of these 
articles were guideline-cited articles. In the multivariable analysis using the same three indicators, average 
citations per year, CHL, and RCT or meta-analysis were each independently associated with guideline 
citation, and the direction of association was consistent with that in the derivation dataset (Table 7). The 
ORs (95% CIs) were 1.093 (1.070–1.118; p<0.001) for average citations per year, 1.047 (1.000–1.095; 
p=0.046) for CHL, and 2.827 (1.734–4.610; p<0.001) for RCT or meta-analysis. No evidence of 
multicollinearity was noted among the indicators (maximum VIF, 1.02). The AUC was 0.768 (95% CI, 0.730–
0.806), and the optimism-corrected AUC was 0.766 (95% CI, 0.729–0.802) (Figure 2). 
 

Table 7. Multivariable logistic regression analysis 
 

Indicator 
Derivation (n=2,486) Validation (n=3,395) 

OR (95% CI) p-value OR (95% CI) p-value 
Average citations per year (per 1 
citation/year increase) 

1.017 (1.007–1.025) <0.001 1.093 (1.070–1.118) <0.001 

CHL (per 1-year increase) 1.219 (1.110–1.340) <0.001 1.047 (1.000–1.095) 0.046 
RCT or meta-analysis (yes vs. no) 10.775 (5.668–20.482) <0.001 2.827 (1.734–4.610) <0.001 

 

Results of the multivariable logistic regression analysis with guideline citation status as the outcome and the three indicators as explanatory variables. 
The multivariable analyses were restricted to articles for which all three indicators were available: 2,486 articles (54 articles cited in the guideline) in 
the derivation dataset and 3,395 articles (190 articles cited in the guideline) in the validation dataset. For continuous indicators, ORs were estimated 
per 1-unit increase. For the study design indicator, ORs represent the comparison of the binary variable (yes vs. no). The table also shows 95% 
confidence intervals (CIs) and p-values. n indicates the number of articles in each analysis population. 
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Figure 2. Receiver operating characteristic curves based on multivariable logistic regression models. The AUC was 0.766 (95% CI, 
0.691–0.841) in the derivation dataset and 0.768 (95% CI, 0.730–0.806) in the validation dataset. The AUC was calculated as a 
reference measure summarizing how well the combination of the three identified indicators discriminated articles cited in the 
guideline from articles not cited in the guideline. 
 

Discussion 
 

Summary of main findings 
The present study used full candidate article sets retrieved during guideline literature searches as the 
analytical population and identified three indicators associated with guideline citation: average citations per 
year, CHL, and RCT or meta-analysis. Across candidate article sets that differed by country, guideline 
organization, and bibliographic database, the three indicators showed associations in the same direction 
and with similar discrimination. These indicators represent different aspects of candidate articles: citation 
density, persistence of citation in the publishing journal, and study design. 
 

Interpretation of the three indicators 
Average citations per year is a time-adjusted citation measure that reduces the time dependency of 
cumulative citation counts and allows comparison between older and newer articles.21 Because candidate 
articles for a guideline span a wide range of publication years, cumulative citation counts tend to be higher 
for older articles. Average citations per year may therefore be suitable for evaluating candidate articles on 
a common basis while reducing this publication year bias. The present findings reaffirm previous reports 
that guideline-cited articles tend to be highly cited7,8 and suggest that in addition to accumulated citations, 
citation density may be associated with guideline citation during guideline development. 
 

In this study, articles published in journals with a longer CHL showed a consistent tendency to be cited in guidelines 
across both datasets. As a journal indicator, CHL is the median age of the articles cited among the citations 
a journal receives and indicates how long citations to a journal’s content are sustained over time22,23. Whereas 
many journal indicators, including the JIF, capture the quantity of citations within a specific period, CHL 
differs in capturing citation persistence. In the present study, CHL showed almost no correlation with other 
journal indicators (Table 5), supporting the findings of previous studies noting the distinctiveness of CHL24. 
 

Furthermore, when multiple journal indicators were compared, only CHL retained an independent 
association with guideline citation (Table 6). By contrast, no association between the JIF, a widely used 
journal indicator, and guideline citation was observed. This result is consistent with a recent study reporting 
that citation frequencies in German clinical guidelines correlated only weakly with the JIF, indicating that 
the JIF does not adequately capture the likelihood of citation in guidelines25. 
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Taken together, these findings suggest that CHL is associated with guideline citation through the dimension 
of citation persistence, which differs from what other journal indicators capture. That is, being published in 
a journal whose articles continue to be cited years after publication may be associated with the nature of 
CPGs, which value sustained knowledge referenced over a long period rather than knowledge that has 
attracted only short-term attention. 
 

The study design indicator (RCT or meta-analysis) was independently associated with guideline citation in 
both datasets and showed the largest OR among the three indicators examined. This likely reflects the 
methodology of guideline development, in which RCTs and meta-analyses, regarded as providing higher 
certainty of evidence, are emphasized as a basis for recommendations11,26,27. Such study design information 
can be obtained at the literature search stage in databases such as PubMed and Embase, making it a 
practical indicator for organizing the large number of candidate articles in guideline development. 
 

However, it should be noted that this study focused only on RCTs and meta-analyses as study designs. 
Previous analyses of citations in CPGs have found that observational studies and literature-based secondary 
research are also major components of the evidence base28. To refine the organization of candidate articles 
and develop screening support that reflects disease areas and Clinical Question, more granular study design 
variables should be incorporated in future studies. 
 

Reproducibility and differences between the two datasets 
The derivation and validation datasets differed in terms of country, guideline-developing organization, 
bibliographic database, and range of publication years covered. Despite these differences, the direction of 
the associations between the three indicators and guideline citation was consistent across both datasets, 
and the overall discrimination was comparable (AUC: 0.766 in the derivation dataset and 0.768 in the 
validation dataset). The finding that similar associations were observed across candidate article sets 
constructed under different conditions suggests that the characteristics of articles likely to be cited in 
guidelines are shared across differences in country, organization, and bibliographic database. 
 

However, the magnitude of the ORs differed between the datasets, and this difference was particularly 
pronounced for the study design indicator (RCT or meta-analysis). Specifically, the OR for the study design 
indicator was high in the derivation dataset (10.775), but was relatively low (2.827) in the validation dataset 
(Table 7). Several factors may contribute to this discrepancy. 
 

First, the range of publication years of the candidate articles differed. In the validation dataset, the search 
period was set broadly (1991–2024) to cover the articles cited in the guideline, resulting in a wider range 
than in the derivation dataset (2006–2022) and the inclusion of a larger number of relatively old RCTs among 
the candidate articles. These older RCTs may have been cited less often, possibly because they had been 
partly superseded by more recent evidence. In other words, the inclusion of a larger number of old RCTs 
that were ultimately not cited may have introduced a bias that attenuated the association between the study 
design indicator and guideline citation in the validation dataset. Second, the types of research cited have 
been reported to vary across guideline-developing organizations29, and such differences may have affected 
the distribution of study designs among the candidate articles. Third, there were statistical constraints. In 
both datasets, the number of articles classified as RCTs or meta-analyses was limited, and the CIs for the 
ORs were wide, so the estimates themselves may have been somewhat unstable. 
 

Although these factors may have attenuated the effect size in the validation dataset, the association between 
the study design indicator and guideline citation showed the same direction as in the derivation dataset and 
remained statistically significant. 
 

Practical implications for guideline development teams 
The three indicators identified in this study may serve as supplementary information when guideline 
development teams organize candidate article lists during guideline development. Specifically, adding 
average citations per year, CHL, and RCT or meta-analysis to the candidate article lists would allow guideline 
development teams to view the retrieved articles from three complementary perspectives: citation density, 
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persistence of citation in the publishing journal, and study design. This information may facilitate identifying 
articles that should be reviewed with priority and may reduce the workload associated with literature 
screening. These indicators should not be used as criteria to determine final guideline citation, but rather as 
information to support the judgment of guideline development teams. 
 

Strengths and limitations 
This study has several strengths. First, it analyzed the full population of candidate articles, including both 
articles cited and not cited in guidelines, rather than only guideline-cited articles. Second, citation and 
journal indicators were restricted to values available at the actual guideline literature search dates, limiting 
the influence of later data. Third, the study emphasized practical implementation by focusing on three 
indicators that can be added to candidate article lists: average citations per year, CHL, and RCT or meta-
analysis. Fourth, the same direction of association and similar discrimination were observed in candidate 
article sets from the same disease area but different countries, organizations, and databases, supporting the 
external validity of these factors within this disease area. 
 

However, this study also has some limitations. First, the analysis was limited to two guidelines in urology, 
and additional validation is needed before generalizing the findings to other disease areas, types of Clinical 
Questions (e.g., epidemiology, diagnosis, treatment), and guideline development processes. Second, the 
EAU validation dataset was an EAU-derived candidate article set created by expanding the publication-year 
restriction, rather than the original 2-year update-search set. Therefore, the external validation should be 
interpreted as evaluating whether the same factors were reproduced in an independent candidate article 
set. This candidate article set was from the same disease area but represented a different guideline 
organization, region, and database, rather than a direct reproduction of the original EAU update search. 
Third, JCR-derived journal indicators, including CHL, were unavailable for some articles and may have biased 
the analysis toward journals indexed in JCR. These JCR-derived indicators are journal-level values and do 
not directly reflect the characteristics of individual articles. Fourth, citation and journal indicators may be 
influenced by publication year, field, region, language, open-access status, and database coverage, raising 
concern that new articles or studies from emerging journals may be underestimated30. Finally, the study 
design information depended on database indexing and may be affected by indexing delays or 
misclassification. Future studies should evaluate generalizability across multiple guideline fields and examine 
the utility of incorporating these indicators into candidate article organization in real-world guideline 
development workflows. 
 

Conclusion 
Average citations per year, CHL, and RCT or meta-analysis were associated with guideline citation across 
two guidelines in the same disease area, supporting the external validity of these factors. These three indicators 
capture complementary aspects of candidate articles—citation density, persistence of citation in the publishing 
journal, and study design—and may help reduce the burden on physicians involved in CPG development. 
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