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Abstract: Biomedical fields have seen a remarkable increase in hybrid Gold open access articles.
However, it is uncertain whether the hybrid Gold open access option contributes to a citation
advantage, an increase in the citations of articles made immediately available as open access regardless
of the article’s quality or whether it involves a trending topic of discussion. This study aimed to
compare the citation counts of hybrid Gold open access articles to subscription articles published
in hybrid journals. The study aimed to ascertain if hybrid Gold open access publications yield an
advantage in terms of citations. This cross-sectional study included the list of hybrid journals under
59 categories in the ‘Clinical Medicine’” group from Clarivate’s Journal Citation Reports (JCR) during
2018-2021. The number of citable items with ‘Gold Open Access’ and ‘Subscription and Free to Read’
in each journal, as well as the number of citations of those citable items, were extracted from JCR.
A hybrid Gold open access citation advantage was computed by dividing the number of citations
per citable item with hybrid Gold open access by the number of citations per citable item with a
subscription. A total of 498, 636, 1009, and 1328 hybrid journals in the 2018 JCR, 2019 JCR, 2020 JCR,
and 2021 JCR, respectively, were included in this study. The citation advantage of hybrid Gold open
access articles over subscription articles in 2018 was 1.45 (95% confidence interval (CI), 1.24-1.65); in
2019, it was 1.31 (95% CI, 1.20-1.41); in 2020, it was 1.30 (95% CI, 1.20-1.39); and in 2021, it was 1.31
(95% CI, 1.20-1.42). In the ‘Clinical Medicine” discipline, the articles published in the hybrid journal
as hybrid Gold open access had a greater number of citations when compared to those published as a
subscription, self-archived, or otherwise openly accessible option.
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1. Introduction

Since the Budapest Open Access Initiative statement was released in 2002, open access
articles in biomedical fields have grown remarkably [1,2]. Gold open access articles refer to
those published under Creative Commons (CC) licenses and are freely accessible without
the need to subscribe to journals or make a purchase to have access to those articles [3].
Quite a few fully open access publishers (e.g., Frontiers, Hindawi, MDPI, and PLoS) have
been founded since then [4], and several traditional publishers have also made their journals
either fully open access (Gold) journals or hybrid journals offering the option for authors to
choose immediate hybrid Gold open access [5,6]. It is well accepted that Gold open access
articles have numerous benefits, such as the retention of copyright by authors, a greater
public engagement, more social media attention, and an increased article usage [7-10].
However, the main drawback of making articles immediately freely available through
hybrid Gold open access is the article processing charge which the authors are required to
pay and which many cannot afford [11-13].
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It is still up for debate whether Gold open access would accelerate scientific advancement
and the translation of research knowledge into practice [14,15]. While the Gold open access
approach has the potential to hasten the dissemination of research findings, its advantage for
article citations, a proxy for the scientific impact of an article, remains controversial [16,17].
Several studies support the existence of an open access citation advantage—increased citations
of articles made available as open access irrespective of the article’s quality or whether it is
part of a trending topic of attention [18-20]; however, this claim has been refuted by many
other studies [21-24]. It is undeniable that hybrid Gold open access articles can reach more
readers than subscription ones [25], but it is uncertain if this translates to greater recognition
and, in turn, more article citations [26-28]. Hitherto, an immediate hybrid Gold open access
citation advantage has been the topic of much discussion [29-31].

Assuming that there is some level of citation advantage, this would mean that the
articles published as hybrid Gold open access would receive an additional citation advan-
tage beyond their intrinsic quality from their availability. Hence, the present study was
designed to compare the citation counts of hybrid Gold open access articles to subscription
articles from hybrid journals with the aim of determining whether hybrid Gold open access
publications result in an advantage in terms of citations.

2. Materials and Methods
2.1. Study Design and Selection Criteria

In this cross-sectional study, the selected journals were drawn from Clarivate’s Journal
Citation Reports (JCR) which used data sources from the Web of Science database. The list
of journals was limited to 59 categories in the ‘Clinical Medicine” group which included:
(1) Allergy, (2) Andrology, (3) Anesthesiology, (4) Audiology & Speech-language Pathology,
(5) Behavioral Sciences, (6) Cardiac & Cardiovascular Systems, (7) Clinical Neurology, (8) Crit-
ical Care Medicine, (9) Dentistry, Oral Surgery & Medicine, (10) Dermatology, (11) Emergency
Medicine, (12) Endocrinology & Metabolism, (13) Engineering, Biomedical, (14) Gastroen-
terology & Hepatology, (15) Genetics & Heredity, (16) Geriatrics & Gerontology, (17) Health
Care Sciences & Services, (18) Health Policy & Services, (19) Hematology, (20) Immunology,
(21) Infectious Diseases, (22) Integrative & Complementary Medicine, (23) Materials Science,
Biomaterials, (24) Medical Ethics, (25) Medical Informatics, (26) Medical Laboratory Tech-
nology, (27) Medicine, General & Internal, (28) Medicine, Legal, (29) Medicine, Research &
Experimental, (30) Neuroimaging, (31) Neurosciences, (32) Nursing, (33) Nutrition & Di-
etetics, (34) Obstetrics & Gynecology, (35) Oncology, (36) Ophthalmology, (37) Orthopedics,
(38) Otorhinolaryngology, (39) Pathology, (40) Pediatrics, (41) Peripheral Vascular Disease,
(42) Pharmacology & Pharmacy, (43) Primary Health Care, (44) Psychiatry, (45) Psychology,
Clinical, (46) Public, Environmental & Occupational Health, (47) Radiology, Nuclear Medicine
& Medical Imaging, (48) Rehabilitation, (49) Reproductive Biology, (50) Respiratory System,
(51) Rheumatology, (52) Sport Sciences, (53) Substance Abuse, (54) Surgery, (55) Toxicology,
(56) Transplantation, (57) Tropical Medicine, (58) Urology & Nephrology, and (59) Virology.

The characteristics of journals used in the analysis were as follows: (1) they were
indexed in the Science Citation Index Expanded (SCIE), Social Science Citation Index
(SSCI), or Arts & Humanities Citation Index (AHCI); (2) they were hybrid journals with a
percentage of hybrid Gold open access articles between 10 and 90; and (3) they had at least
20 hybrid Gold open access articles. Fully Gold open access journals or those indexed in
the Emerging Sources Citation Index (ESCI) were excluded.

The Research Ethics Committee of the Faculty of Medicine, Chiang Mai University,
granted an exempt research determination for this study (No. EXEMPTION 9047 /2022).

2.2. Data Extraction

This study extracted data from the 2018-2021 JCRs. Data to be extracted included the
bibliometrics of the journal (i.e., journal impact factor, journal impact factor percentile, jour-
nal impact factor without self-citation, 5-year journal impact factor, normalized Eigenfactor,
article influence score, immediacy index, cited half-life, and citing half-life), the publisher,
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the number of citable items with ‘Gold Open Access” and “Subscription and Free to Read’
in each journal, and the number of citations of citable items with ‘Gold Open Access” and
‘Subscription and Free to Read’ in each journal.

In this study, the model of open access was based on JCR classifications: (1) ‘Gold
Open Access’ and (2) ‘Subscription and Free to Read’. Citable items were defined as any
materials indexed as articles, reviews, or proceedings papers. Citation counts were derived
from citations of citable items published in the two preceding years.

2.3. Data Analysis

As appropriate, descriptive analyses were presented as the frequency with percentage or
mean with standard deviation. The number of citations per citable item with hybrid Gold
open access divided by the number of citations per citable item with a subscription was
regarded as a measure to indicate a hybrid Gold open access citation advantage. This value
of 1.0 indicated that hybrid Gold open access articles were cited equally when compared to
subscription articles in a journal, while those above or below 1.0 indicated that the citation
impact was above or below, respectively. Statistical analyses were performed using RStudio (R
version 4.2.2) [31]. A p-value of less than 0.05 was regarded as indicating statistical significance.

3. Results

From the 2018 JCR, 2019 JCR, 2020 JCR, and 2021 JCR, a total of 498, 636, 1009, and
1328 journals were included in this study. The characteristics of the journals included in this
study are shown in Table 1. The percentage of hybrid Gold open access items in a journal was
found to be around one-fifth to one-fourth during the four-year period. The publisher with
the largest number of journals included in this study was Springer Nature (23.95-29.52%),
followed by Elsevier (16.25-19.65%), Wiley (12.65-19.23%), and several other publishers. The
average journal impact factor of the included journals was 4.57 & 4.69 in the 2018 JCR and
gradually increased year after year to 6.01 &= 9.35 in the 2021 JCR. Other journal metrics of the
journals in each JCR year are displayed in Table 1.

Table 1. Characteristics of the included journals.

Variables 2018 2019 2020 2021
(n = 498) (n = 636) (n =1009) (n =1328)
Number of articles in the included journals
Hybrid Gold open
access items in 107.06 + 211.70 107.85 + 227.00 118.08 + 181.16 118.75 + 157.36
ajournal

Subscription items

oubs 386.62 == 356.43 376.15 & 345.96 371.44 4 319.59 380.34 & 326.04

in a journal

Percentage of

hybrid Gold open 2223 +16.35 21.61 + 14.67 24.90 + 18.28 24.73 +17.22

access items in

ajournal

Publisher

Elsevier 91 (18.27) 108 (16.98) 164 (16.25) 261 (19.65)

Wiley 63 (12.65) 98 (15.41) 194 (19.23) 245 (18.45)

Springer Nature 147 (29.52) 184 (28.93) 273 (27.06) 318 (23.95)

Taylor & Francis 22 (4.42) 25 (3.93) 38 (3.77) 78 (5.87)

I(BXf"rd University 34 (6.83) 42 (6.60) 66 (6.54) 78 (5.87)
ress

SAGE 22 (4.42) 27 (4.25) 38 (3.77) 49 (3.69)

Miscellaneous 119 (23.90) 152 (23.90) 236 (23.39) 299 (22.52)
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Table 1. Cont.

Variables 2018 2019 2020 2021

(n = 498) (n = 636) (n = 1009) (n =1328)
Journal metrics
Journal impact factor 4.57 & 4.69 459 +£4.72 5.18 £5.38 6.01 £9.35
Journal impact 64.96 + 26.45 63.64 + 26.22 60.95 + 26.63 58.64 + 26.91
factor percentile
Journal impact factor 427 £ 452 430 + 457 484 +526 570 +9.23
without self cites
Journal citation 132+ 121 130 + 1.21 121 + 1.08 118 +1.18
indicator
5-year journal 4.65 + 4.52 4.74 4+ 4.74 5.33 4 5.7 5.75 + 6.94
impact factor
Normalized 222 4388 2.01 + 3.64 2.78 + 525 2.59 + 5.40
Eigenfactor score
Article influence score 1.54 +£1.85 152 +£1.85 1.59 £1.97 1.56 +2.37
Immediacy index 131 + 1.44 1.32 + 148 2.71 +10.33 1.55 +2.77
Citing half-life 7.62 + 1.86 7.55 + 1.68 743 +1.73 7.35 + 1.70
Cited half-life 721 +2.85 738 + 1.68 741 + 3.05 747 £ 3.01

Values indicate mean =+ standard deviation or frequency (percentage).

The citation advantages of hybrid Gold open access articles versus subscription articles
were 1.45 (95% confidence interval (CI), 1.24-1.65) in 2018, 1.31 (95% CI, 1.20-1.41) in 2019,
1.30 (95% CI, 1.20-1.39) in 2020, and 1.31 (95% CI, 1.20-1.42) in 2021 (Figure 1). The hybrid
Gold open access citation advantage was also observed in several subgroups of the journals
based on the publishers (Table 2). The journals published by Springer Nature, Elsevier,
and Oxford University Press were significantly associated with a hybrid Gold open access
citation advantage across the study period (from 2018 JCR to 2021 JCR).
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Figure 1. Hybrid Gold open access citation advantages in 2018-2021 JCR years. Error bars indicate
95% confidence intervals.
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Table 2. Hybrid Gold open access citation advantages by subgroup analysis.

Hybrid Gold Open Access Citation Advantage

2018 2019 2020 2021
Overall 1.45 [1.24-1.65] 1.31[1.20-1.41] 1.30 [1.20-1.39] 1.31 [1.20-1.42]
Publisher
Elsevier 1.31 [1.22-1.40] 1.60 [1.04-2.17] 1.26 [1.17-1.35] 1.11 [1.05-1.16
Wiley 1.26 [1.08-1.44] 1.17 [1.08-1.27] 1.22 [0.93-1.52] 1.32[0.80-1.84
Springer Nature 1.89[1.22-2.57]  146[1.35-156]  1.33[1.22-2.55]  1.25[1.18-1.31
Taylor & Francis 1.31 [1.04-1.59] 1.01 [0.80-1.22] 1.02 [0.87-1.90]

Oxford University Press

1.17 [1.06-1.27]

1.20 [1.09-1.31]

1.25 [1.14-1.35]

1.27 [1.17-1.37

SAGE

0.86 [0.43-1.29]

0.87 [0.56-1.19]

1.03 [0.87-1.20]

1.18 [0.98-1.38

Miscellaneous

1.31 [1.20-1.43]

1.16 [1.02-1.29]

1.47 [1.18-1.75]

]
]
]
1.08 [0.99-1.17]
]
]
]

1.62[1.39-1.85

Values indicate mean [95% confidence interval].

4. Discussion

The present study observed an association between being hybrid Gold open access
and receiving more citations. In the ‘Clinical Medicine’ discipline, hybrid Gold open
access articles received, on average, 30% more citations than subscription articles. Our
observation is consistent with several previous studies indicating the advantage of open
access in terms of article citations [32]. However, most studies supporting the open access
citation advantage are observational and based on historical data [33-38], but there are
far fewer with randomized controls [39,40]. Further investigations are required to explore
reasonable explanations for the observation of open access citation advantage in some
studies but not in others [41]. An increase in citations may be attributable to several factors,
including but not limited to immediate access to the article [42,43].

This study was designed to determine a hybrid Gold open access citation advantage
based on the hypothesis that articles published as hybrid Gold open access in hybrid journals
would have had more citations on average than subscription articles in the same journals. This
study design minimizes the bias arising from the journal’s reputation (e.g., journal prestige and
journal impact factor) and editorial policies (e.g., research fields, acceptance rates, publication
lag, and early view effects), all of which are considered confounders that may affect citation
rates [44,45]. However, this design has a selection bias (i.e., the authors may have only selected
their high-quality work to share openly) since the authors are required to pay the article
processing charge to make their articles open from the outset [32,46]. Furthermore, the article
processing charge may restrict the hybrid Gold open access option to those who have a grant
or other financial means [47—49]. However, it is to be noted that some funders may adopt
the Plan S principles and do not financially support ‘hybrid” open access publication fees
in subscription venues unless the publisher has signed a Transitional Agreement with the
institution or consortium thereof [50].

With this study design, we cannot claim causation; rather, we aimed to provide insight
into the association between hybrid Gold open access and citation counts. In our analysis,
there were quite a few confounding factors we could not control that may affect citation
counts independently from any hybrid Gold open access effect. For example, articles with
more authors are more likely to be self-archived (as it takes only one author to self-archive)
and are also cited more often through increased self-citations [51,52]. Another example is
that articles tend to have more citations when they are linked with online platforms for
cross-publisher distribution or social media platforms [53-56]. To assess the hybrid Gold
open access citation advantage, confounding factors are not always easy to address since
every article is (or at least should be) unique. Finding an appropriate control is rather
challenging and does not offer a straightforward means for comparison [57]. Additionally,
a randomized-controlled study on this subject is much more challenging to conduct, which
is another well-known fact. That is why there have been few randomized-controlled studies
on this subject.
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The results of the present study should be evaluated in light of its limitations. First,
the citation counts in this study were limited to the journals indexed by the Web of Science,
where the citation coverage is much lower than some other sources of citation data, such
as Scopus or Google Scholar citation databases [58,59]. Second, the citation counts were
extracted from the JCR, which refers to citations in the JCR data year to items published
in the previous two years. This timeframe is considered sufficient to detect a citation
advantage, if one exists, since citing authors typically need time to prepare and publish
their articles [60]. However, citation advantages across extended time horizons are beyond
the purview of this study. Third, this study collected data since the 2018 JCR which is the
first JCR year to include ‘Gold Open Access’ and ‘Subscription and Free to Read’ items, as
well as their citations, in the JCR database. Therefore, the findings of this study should
be interpreted on the basis of this time frame. Since the Transformative Agreement is
now more widely adopted, it is uncertain if the citation advantage will continue to hold
true in the near future when the number of hybrid Gold open access articles dramatically
increases [61]. Fourth, subscription articles might have been openly available through other
modes [46], none of which were taken into account in our analysis. For example, Bronze
articles, which are available to readers for free on the publisher site without an explicit open
access license, or Green articles, which are subject to an embargo period (typically one year
or six months) prior to their self-archiving in a public repository (e.g., PubMed Central®),
were categorized as ‘Subscription and Free to Read’ in the JCR [62,63]. Furthermore, there
are many other modes of making articles open to access regardless of the journal’s policy,
such as academic social networks (e.g., ResearchGate or Academia.edu) [64] and websites
offering pirate access to full-text articles (e.g., SciHub) [65]. As a result, our analysis might
over- or underestimate the impact of open access with the hybrid Gold open access option
on citations.

It should be noted that the present study merely focused on the impact of hybrid
Gold open access on citations. Whether citation metrics are representative of article quality,
knowledge utilization, or any other scientific impact is beyond the scope of our discussion.
Scientific impact and exposure go beyond simple citation counts and several articles have
already discussed those aspects in detail [66—68]. Furthermore, whether the hybrid model
for the open access publication of articles is appropriate or not is also beyond the scope of
the present study and it is extensively discussed elsewhere [69-71].

5. Conclusions

In conclusion, our empirical study suggests that articles published as hybrid Gold
open access on the journal site are associated with higher citation rates than subscription,
self-archived, or otherwise openly accessible articles. Hybrid Gold open access articles are
more likely to be cited by peers than subscription articles published in the same journal in
the “Clinical Medicine” discipline. Further studies are required to examine any hybrid Gold
open access citation advantage trends across other areas and disciplines, as well as other
data sources.
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