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Abstract

Introduction: It is possible that social media use can boost not just articles’ social impact but the number of
citations and academic influence as well. If a positive correlation between Twitter usage and citation metrics
exists in the ophthalmology literature, it is important to broadcast this information to the ophthalmology
community so they can use Twitter to increase academic engagement with their research. There has also
been an increase in the number of articles available as open access. Therefore, it is important to evaluate the
presence of an open-access citation advantage in the field of ophthalmology. This study aims to evaluate the
relationship between Twitter mention and open access status on citation metrics in the ophthalmology
literature.

Methods: We conducted a retrospective cross-sectional study comparing article citation metrics to Twitter
mentions and open access status. We gathered data on ophthalmology research articles from the six highest-
ranked ophthalmology journals published as part of a January 2019 issue. Data were collected in April 2022,
38 months after online publication. Data on citations for each article was based on Google Scholar and
Scopus websites. The Altmetric Bookmarklet extension was used to determine the amount of social
engagement each article received. The open-access status of each article was based on the status listed in its
corresponding journal. Two-tailed t-tests were used to compare social media engagement and open access
status with the number of Google Scholar and Scopus citations.

Results: A total of 102 original research articles were analyzed. 89 (87.3%) articles received a Twitter
mention. Articles tweeted at least once had a significantly higher Google Scholar score (27.2 +/- 4) compared
to articles not tweeted (16.4 +/- 1.7; 1.7-fold increase, p<0.05). Likewise, the average Scopus score was
significantly higher for tweeted articles (18.6 +/- 2.6) compared to articles not tweeted (11.8 +/- 1.6; 1.6-fold
increase, p<0.05). Articles listed as open access had a significantly higher number of Twitter mentions (11.8
+/- 1.8) compared to articles that were not open access (5.6 +/- 0.7; 2.1-fold increase, p<0.05). Open-access
articles also had higher citation scores compared to articles that are not open access, but this relationship
was not statistically significant.

Conclusion: This is the first study to evaluate the relationship between article Twitter mention and citation
score in the field of ophthalmology. It demonstrates a significant positive correlation between the article
Twitter mention and citation score and provides further evidence that social media engagement can be
beneficial to the dissemination of academic information. Further studies on the relationship between social
media engagement and article dissemination are warranted in the field of ophthalmology.
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Introduction

The academic impact of scientific research articles has traditionally been gauged through the number of
citations for a said article in peer-reviewed journals [1]. Given the rise and increased usage of social media,
social media impact score has emerged as an alternate metric to assess academic impact [2]. Altmetrics is a
system that provides a score based on online mentions of scientific publications and can be used to assess
the social impact of an article [3].

It is possible that social media use can boost not just articles’ social impact but the number of citations and
academic influence as well. There has been documented evidence that an author’s Twitter usage can be used
as a predictor for citation metrics for publications [2]. Further, specialty-specific research has shown that the
number of Twitter mentions positively correlates with publications’ citation numbers [4-8].

Since each specialty has embraced social media usage at different rates, the relationship between social
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media and citation numbers should be evaluated for each specialty [9,10]. If a similar relationship in
ophthalmology literature between Twitter usage and citation metrics exists, it is important to broadcast this
information to allow members of the ophthalmology community to know that they can use Twitter to
increase academic engagement of their research results.

Moreover, there has been an increase in the number of articles available as open access in recent years [11].
Open-access articles are freely available to the public and therefore their open-access status could facilitate
academic engagement. Research on the existence of an open-access citation advantage has yielded mixed
results [12]. Therefore, it is important to evaluate the presence of this advantage in ophthalmology.

Previous studies in the field of ophthalmology have evaluated the relationship between social media and
journal impact [13,14]. However, to the best of our knowledge, there has been no research exploring the
relationship between social media and citation numbers for articles in the ophthalmic literature. Likewise,
no research has explored the existence of an open-access citation advantage in the field of ophthalmology.

Given that social media usage (including Twitter) has been increasing among ophthalmologists (and
academic ophthalmology), we believe there exists a positive relationship between Twitter mentions and
ophthalmology citation metrics [15-17]. We believe this positive relationship will be similar to what has been
reported in other surgical subspecialties [4,5]. Due to the increased accessibility of open-access articles, we
also believe there exists a positive relationship between open-access status and ophthalmology citation
metrics.

Materials And Methods

We conducted a retrospective cross-sectional study comparing article citation metrics to Twitter mentions
and open access status. The analysis of the association between Twitter mentions and citation metrics has
previously been outlined in studies in urology and otolaryngology [4,5]. Since this study did not involve
patients, Institutional Review Board approval was not required.

Article selection

Data on ophthalmology research articles from six different journals published as part of a January 2019 issue
were reviewed. This date was selected to provide enough time for dissemination and citation of the articles
across media to take place. A previous study in the field of otolaryngology also used the January 2019 issue
of journals for article selection [5]. Another study in the field of urology also limited the data collection
period to one month; therefore, to maintain consistency, we chose to only analyze journal publications from
a one-month period, January 2019 [4]. Likewise, in the previously reported methodology, journals were
selected based on Scimago journal and country rank; the top journals were selected because they were
expected to have the most social media attention [4,5]. Due to our goal of comparing our findings with
previous studies in other surgical subspecialties we sought to maintain as much consistency as possible with
the previously reported methodology [4,5]. Therefore, the top six journals based on Scimago journal and
country rank 2021 which had a January 2019 issue with original research articles were selected. We decided
to include six journals because we believed they would provide a large enough sample size for analysis. The
following journals were included: Ophthalmology, Ocular Surface, American Journal of Ophthalmology,
Retina, JAMA Ophthalmology, and British Journal of Ophthalmology. The inclusion criteria for articles were
original research articles, published as part of a January 2019 issue. Exclusion criteria included: research
letters, brief reports, editorials, and any other publication not considered original research articles. The
decision to exclude all publications which are not original research articles was also made to maintain
consistency with the previously reported methodology [4,5].

Data selection

Data were collected in April 2022, 38 months after online publication. Data on citations for each article were
based on Google Scholar and Scopus websites. Article titles were searched on each website to determine the
number of citations each article had received. The Altmetric Bookmarklet extension was used to determine
the amount of social engagement each article received. We gathered data on Twitter mentions for each
article. Further, we recorded how long it took for an article to be mentioned on Twitter after it was either
published online or published in print. Categories for a timeline from online publication included < 1 week
online, < 1 month online, and 1 month to print date.

Categories for a timeline from print publication included < 1 week in print, < 1 month in print, and < 1 year
in print. Twitter mentions which occurred after one year were not reported to maintain consistency with
similar studies that have demonstrated no increase in Twitter mentions after one year of print publication
[4,5].

Cross-references of Twitter handles with authors to determine if a Twitter mention was from an author of
the paper mentioned were done. Articles tweeted by one of its authors were listed as an author's self-tweet.
The open-access status of each article was based on the status listed in its corresponding journal.
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Ocular Surface

American Journal of Ophthalmology
Retina

JAMA Ophthalmology

British Journal of Ophthalmology

Total

Data analysis

Data were analyzed using SPSS software (IBM Corp., Armonk, NY). Significance was set at p-value <0.05%.
Two-tailed t-tests were used to compare the presence or absence of Twitter mentions with the number of
Google Scholar and Scopus citations. Levene’s Test for Equality of Variances was used to test for
homogeneity of variance and the corresponding t-test result was used. The same analysis was implemented
with regards to the presence or absence of author self-tweet. A two-tailed t-test was used to compare the
number of citations and Twitter mentions between articles that were listed as open access and those which
were not open access.

Results

A total of 102 original research articles were reviewed. Table I shows the citations, tweeted articles, Twitter
mentions, Google Scholar score, and Scopus score for each journal included.

The median Google Scholar score (IQR) and the median Scopus score (IQR) were 16.5 (15.5) and 10.5 (12),
respectively. Eighty-nine (87.3%) articles received a Twitter mention. The median number of Twitter
mentions was 5 (6). The journal with the highest median Google scholar and Scopus scores was
Ophthalmology with scores of 29 (40.5) and 23 (26.5), respectively. The journal with the highest median
number of Twitter mentions was JAMA Ophthalmology with 15 (4).

Articles? Google Scholar Score® Scopus Score? Tweeted articles® Twitter mentions®
14 29 (40.5) 23(26.5) 14 (100) 10 (4.3)

15 17 (10) 11(9) 8(53.3) 5(5.25)

19 14 (12.5) 10 (8.5) 19 (100) 5@)

25 14 (17) 10 (13) 19 (76) 2(1)

9 20 (24) 13 (20) 9 (100) 15 (4)

20 13 (12.3) 75(85) 20 (100) 5(33)

102 16.5 (15.5) 10.5 (12) 89 (87.3) 5(6)

TABLE 1: Average metrics by journal

avalues are presented as number; PValues are presented as median (IQR); ®Values are presented as number (%)

Figure I depicts the timeline of Twitter mentions. Two articles did not have the timeline of their Twitter
mention listed and were excluded from the analysis. The highest number of tweets occurred less than one
week after online publication (62%) and 77% of tweets occurred before print publication. Almost all Twitter
activity occurred within one year of publication (94%).

Timeline of Tweets

86%

Cumulative % of Total Tweets
2

< 1Weak Onlina <1 Month Online <1 Month to Print < 1Waskin Print <1 Month In Print <1¥aarin print
Time of Tweet

FIGURE 1: Twitter mention timeline

Table 2 demonstrates the two-tailed t-test results comparing citation scores between articles that received
at least one Twitter mention and those which were not tweeted. It also includes a comparison between
articles self-tweeted by authors versus no self-tweet. Articles tweeted at least once had a significantly higher
Google Scholar score (mean * SE of 27.2 £ 4) compared to articles not tweeted (16.4 * 1.7; 1.7-fold increase,
p<0.05). Likewise, the average Scopus score was significantly higher for tweeted articles (18.6 + 2.6)
compared to articles not tweeted (11.8 + 1.6; 1.6-fold increase, p<0.05). No significant relationship was

2022 Santos et al. Cureus 14(11): €31048. DOI 10.7759/cureus.31048

30f6


https://assets.cureus.com/uploads/figure/file/469058/lightbox_9c53fa00426611ed89ba3ff3d6d5fd11-Twiiter-timeline-wide-version-2-.png

Cureus

Metric
Google Scholar

Scopus

identified with regard to the author's self-tweet.

Not tweeted (n=13) Tweeted (n=89) P-value  No Author tweet (n=98) Author tweet (n=4) Pvalue  No News mention (n=94) News mention (n=8) P-value
16417 272:4 <0.05 263:37 133£43 >0.05 2062 87+333 >0.05
1816 186£26 <0.05 18.1£23 936 >0.05 143514 58.1+19.2 >0.05

TABLE 2: Average citation scores relative to the presence of Twitter mention and author self-tweet

*All citation scores presented as mean + SE

Metric

Google Scholar

Scopus

Number of Tweets

News Mention

Table 3 demonstrates the results of two-tailed t-tests comparing an average number of Twitter mentions
and citation scores based on open access status. Articles listed as open access had a significantly higher
number of Twitter mentions (mean # SE of 11.8 + 1.8) compared to articles that were not open access (5.6
+0.7; 2.1-fold increase, p<0.05). Open-access articles also had higher citation scores compared to articles
that are not open access, but this relationship was not statistically significant.

Open Access Status Column1 P-value
No (83) Yes (19)

255+43 271+£42 >0.05
173527 199433 >0.05
No (71) Yes (18)

56+0.7 11.8+1.8 <0.001
No (3) Yes (5)

5334 5+37 >0.05

TABLE 3: Average citation scores and Twitter mentions relative to open access status

*Citation scores and number of Twitter mentions presented as mean + SE

Discussion

We evaluated the relationship between a Twitter mention and citation score over a 38-month period. We
identified a positive relationship between Twitter mentions and citation scores across both citation metrics
(Google Scholar score and Scopus score). The increase in citation score among tweeted articles was about the
same for both Google Scholar and Scopus scores (1.7 and 1.6-fold increase respectively). This finding is in
accordance with a similar study in the field of otolaryngology which also found a 1.6-fold increase in Google
Scholar score for articles with a Twitter mention [5]. A similar study in the field of urology [4] found an even
greater increase in both Google Scholar and Scopus scores (2 and 2.3-fold increase respectively). This
association does not imply causation. Articles that are more interesting to readers could have received more
Twitter mentions and might have been cited more regardless of Twitter mentions. A previous study in the
field of ophthalmology determined that the total number of tweets per journal was significantly positively
correlated with journal rank and impact factor [14]. Therefore, our results provide further evidence that an
increased social media presence can improve the visibility of ophthalmology academic articles.

The timeline of Twitter mentions was evaluated. Most Twitter mentions occurred within one week of online
publication (62%). This is in accordance with the previously mentioned studies in the fields of urology and
otolaryngology which also found most Twitter mentions occurred within one week of online publication
[4,5]. This suggests the period immediately following online publication could be the most crucial for social
media engagement. Interestingly, 77% of Twitter mentions occurred before hard copy print publication. This
finding is also in accordance with previous research and suggests the ideal time for social media engagement
might have concluded once the article is in print [4,5]. In our study, there was no increase in Twitter
mentions less than one month before to print date. This differs from previous studies in Urology, and
otolaryngology [4,5]. In our study, an increase in Twitter mentions occurs after hard copy print publication
(77% to 82%). This finding suggests that print publications may further boost social media engagement once
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the online period has concluded.

The relationship between open access status and citation scores and Twitter mentions was also evaluated.
Articles listed as open access had a significantly higher number of Twitter mentions than articles that were
not open access. This suggests that articles that are open access and therefore more accessible may reach a
wider audience resulting in a higher number of Twitter mentions. Previous studies on the relationship
between open access status and citation metrics have yielded mixed results with respect to the existence of
an open access advantage [12]. Multiple studies have demonstrated the open access advantage varies with
respect to field and discipline [12,18]. In our study, citation scores were also higher for open-access articles,
even though this had no statistical significance. This finding suggests an increased importance for the
evaluation of an open-access advantage specifically in ophthalmology.

Finally, we sought to evaluate the relationship between the presence of author-self tweets and citation
scores. No significant correlation between the presence of author self-tweet and citation score was found.
This fact contrasts with previous studies which found a significant increase in citation scores for articles
that had a Twitter mention by an author [4,5].

Limitations of our study include the inability to demonstrate a causal analysis as well as a small sample size
for author self-tweet. Perhaps more data could be gathered on these metrics by including a larger number of
articles in the analysis. Moreover, only top-ranked journals and original research articles were selected for
analysis. This decision was made to maintain consistency with previously reported methodology and
compare our findings to other surgical subspecialties while limiting the presence of other confounding
variables [4,5]. However, the decision to only include top-ranked journals and original research articles
limits the generalizability of our findings. Further studies on the relationship between social media
engagement and article dissemination are warranted in the field of ophthalmology.

Conclusions

This is the first study to evaluate the relationship between article Twitter mention and citation score in
Ophthalmology. Our study demonstrates a significant positive correlation between article Twitter mention
and citation score. It provides further evidence that social media engagement can be beneficial to the
dissemination of academic information. It also suggests that the open-access status of an article may
increase Twitter mentions and help increase an article’s social media engagement. Further studies on the
relationship between social media engagement and article dissemination are warranted in the field of
ophthalmology.

Additional Information
Disclosures

Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: Natalio J. Izquierdo declare(s) personal
fees from Rhythm Corporation. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Aksnes DW, Langfeldt L, Wouters P: Citations, citation indicators, and research quality: an overview of basic
concepts and theories. SAGE Open. 2019, 9:2158244019829575. 10.1177/2158244019829575

2. Eysenbach G: Can tweets predict citations? Metrics of social impact based on Twitter and correlation with
traditional metrics of scientific impact. ] Med Internet Res. 2011, 13:e123. 10.2196/jmir.2012

3. Kwok R: Research impact: Altmetrics make their mark. Nature. 2013, 500:491-3. 10.1038/nj7463-491a
Hayon S, Tripathi H, Stormont IM, Dunne MM, Naslund M]J, Siddiqui MM: Twitter mentions and academic
citations in the urologic literature. Urology. 2019, 123:28-33. 10.1016/j.urology.2018.08.041

5. Deshpande N, Crossley JR, Malekzadeh S: Association between Twitter mentions and academic citations in
otolaryngology literature. Otolaryngol Head Neck Surg. 2022, 167:73-8. 10.1177/01945998211044680

6. Ladeiras-Lopes R, Vidal-Perez R, Santos-Ferreira D, et al.: Twitter promotion is associated with higher
citation rates of cardiovascular articles: the ESC Journals Randomized Study. Eur Heart J. 2022, 43:1794-8.
10.1093/eurheartj/ehac150

7. Chang]J, Desai N, Gosain A: Correlation between Altmetric score and citations in pediatric surgery core
journals. ] Surg Res. 2019, 243:52-8. 10.1016/j.js5.2019.05.010

8. Pozdnyakov A, Abdullah P, Alabousi M, et al.: Relationship between Twitter and radiology journal citations.
Radiology. 2021, 301:195-7. 10.1148/radiol.2021204655

9. Chung A, Woo H: Twitter in urology and other surgical specialties at global conferences . ANZ J Surg. 2016,
86:224-7.10.1111/ans.13393

10.  Luc]G, Stamp NL, Antonoff MB: Social media in the mentorship and networking of physicians: important
role for women in surgical specialties. Am ] Surg. 2018, 215:752-60. 10.1016/j.amjsurg.2018.02.011
11. Demeter M, Jele A, Major ZB: The international development of open access publishing: a comparative

2022 Santos et al. Cureus 14(11): €31048. DOI 10.7759/cureus.31048 50f6


https://dx.doi.org/10.1177/2158244019829575
https://dx.doi.org/10.1177/2158244019829575
https://dx.doi.org/10.2196/jmir.2012
https://dx.doi.org/10.2196/jmir.2012
https://dx.doi.org/10.1038/nj7463-491a
https://dx.doi.org/10.1038/nj7463-491a
https://dx.doi.org/10.1016/j.urology.2018.08.041
https://dx.doi.org/10.1016/j.urology.2018.08.041
https://dx.doi.org/10.1177/01945998211044680
https://dx.doi.org/10.1177/01945998211044680
https://dx.doi.org/10.1093/eurheartj/ehac150
https://dx.doi.org/10.1093/eurheartj/ehac150
https://dx.doi.org/10.1016/j.jss.2019.05.010
https://dx.doi.org/10.1016/j.jss.2019.05.010
https://dx.doi.org/10.1148/radiol.2021204655
https://dx.doi.org/10.1148/radiol.2021204655
https://dx.doi.org/10.1111/ans.13393
https://dx.doi.org/10.1111/ans.13393
https://dx.doi.org/10.1016/j.amjsurg.2018.02.011
https://dx.doi.org/10.1016/j.amjsurg.2018.02.011
https://dx.doi.org/10.1007/s12109-021-09814-9

Cureus

12.

13.

14.

15.

16.

17.

18.

empirical analysis over seven world regions and nine academic disciplines. Publ Res Q. 2021, 37:364-83.
10.1007/s12109-021-09814-9

Langham-Putrow A, Bakker C, Riegelman A: Is the open access citation advantage real? A systematic review
of the citation of open access and subscription-based articles. PLoS One. 2021, 16:e0253129.
10.1371/journal.pone.0253129

Micieli JA, Tsui E: Ophthalmology on social networking sites: an observational study of Facebook, Twitter,
and LinkedIn. Clin Ophthalmol. 2015, 9:285-90. 10.2147/OPTH.S79032

Cohen SA, Pershing S: #Ophthalmology: social media utilization and impact in ophthalmology journals,
professional societies, and eye health organizations. Clin Ophthalmol. 2022, 16:2989-3001.
10.2147/0OPTH.S378795

Clarke C, Smith E, Khan M, Al-Mohtaseb Z: Social media and ophthalmology: perspectives of patients and
ophthalmologists. ] Med Syst. 2018, 42:258. 10.1007/s10916-018-1079-2

Al-Khersan H, Lazzarini TA, Fan KC, et al.: Social media in ophthalmology: an analysis of use in the
professional sphere. Health Informatics J. 2020, 26:2967-75. 10.1177/1460458220954610

Men M, Fung SS, Tsui E: What's trending: a review of social media in ophthalmology . Curr Opin
Ophthalmol. 2021, 32:324-30. 10.1097/ICU.0000000000000772

Ghane MR, Niazmand MR, Sarvestani AS: The citation advantage for open access science journals with and
without article processing charges. J Inf Sci. 2020, 46:118-30. 10.1177/0165551519837183

2022 Santos et al. Cureus 14(11): €31048. DOI 10.7759/cureus.31048

6 0of 6


https://dx.doi.org/10.1007/s12109-021-09814-9
https://dx.doi.org/10.1371/journal.pone.0253129
https://dx.doi.org/10.1371/journal.pone.0253129
https://dx.doi.org/10.2147/OPTH.S79032
https://dx.doi.org/10.2147/OPTH.S79032
https://dx.doi.org/10.2147/OPTH.S378795
https://dx.doi.org/10.2147/OPTH.S378795
https://dx.doi.org/10.1007/s10916-018-1079-2
https://dx.doi.org/10.1007/s10916-018-1079-2
https://dx.doi.org/10.1177/1460458220954610
https://dx.doi.org/10.1177/1460458220954610
https://dx.doi.org/10.1097/ICU.0000000000000772
https://dx.doi.org/10.1097/ICU.0000000000000772
https://dx.doi.org/10.1177/0165551519837183
https://dx.doi.org/10.1177/0165551519837183

	Association Between Twitter Mention and Open-Access Status on Article Citation Metrics in the Field of Ophthalmology
	Abstract
	Introduction
	Materials And Methods
	Article selection
	Data selection
	Data analysis

	Results
	TABLE 1: Average metrics by journal
	FIGURE 1: Twitter mention timeline
	TABLE 2: Average citation scores relative to the presence of Twitter mention and author self-tweet
	TABLE 3: Average citation scores and Twitter mentions relative to open access status

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


