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Abstract Background In this study, we reviewed a select sample of ophthalmology literature to
determine if there was a correlation between Altimetric and traditional citation-based
and impact factor metrics. We hypothesized that Altmetric score would more closely
correlate with impact factor and citations in 2016.
Methods Journal Citation Reports for the year 2013 was used to find the 15 highest
impact factor ophthalmology journals in 2013. Then Elsevier’s Scopus was used to
identify the 10 most cited articles from each journal for the years 2013 and 2016.
Metrics for all identified articles were collected using the Altmetric Bookmarklet, and
date of Twitter account creation was noted for journals with such an account. Altmetric
scores, impact factor, and citation counts were tabulated for each article. Pearson’s
correlation coefficient (r) determined correlation of independent variables (number of
citations or impact factor) with dependent variable (Altmetric score). For our Twitter
analysis, account age was the independent variable and calculated correlation
coefficients (r) were the dependent variable. Proportion of variance was determined
with a coefficient of determination (R2).
Results This study included 300 articles, evenly split between 2013 and 2016. Within
the 2013 cohort, three journals had significant positive correlations between citation
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Introduction

Bibliometrics is a method of quantifying and analyzing the
impact of academic publications and ultimately is used for
determining academic productivity, scholarly effort, journal
prestige and impact, and individual promotion and tenure.
Traditionally, bibliometrics include quantity indicators, per-
formance indicators, and structural indicators of an article.1

Citations give credit for an idea or fact to an earlier article, and
the number of times an article is cited is generally understood
as a marker of impact within an academic field.1 Citation
analysis, then, involves the ranking of an article based on the
number of citations it receives to identify publishedworkwith
thegreatest intellectual influence.2 Impact factor is amarkerof
impact for journals that compares thenumber of citations for a
given year to the number of articles published. More citations
per article equate to a higher impact factor.1 Thesemetrics are
considered quality indicators and can have tremendous im-
pact in funding decisions for individual researchers and entire
departments.3

Traditional bibliometrics allow the application of a stan-
dardized, scientifically rigorous methodology to the determi-
nation of the quality of individual publications, researchers,
and journals in aggregate, as well as to assess the productivity
of departments, research teams, universities, and even entire
countries.4 The recent advent of newer information technolo-
gies and platforms, however, has created opportunities for
dissemination of information among different audiences and
acrossmultiple platforms and formats.5 Traditional bibliomet-
rics fail to capture the reachof this interconnected information
web and the larger impact that publications may have for a
broader audience. Furthermore, citation time window has
been shown to have a large role in determination of elite,
highly cited articles. The list of highly cited articles at 5 years
from publication is quite different from the list of highly cited
articles at 30 years.4 It is obvious there ismuch that traditional
bibliometrics leaves out.

Recently, researchers have begun to question why
markers for research impact should not include broader
impact among the general public.3,5,6 Altmetrics, so named
with the intention of being alternative metrics of publication

impact, include mentions of articles on various social media
sites, as well as Wikipedia, patent applications, and news
outlets.7 The term “Altmetric” is sometimes used to refer
generally to all alternative metrics of article reach, but here
we use the term to refer to the article score provided by
Altmetric.com. Rather than supplanting bibliometrics and
peer review as markers of research quality, alternative
metrics are intended to be used along with these traditional
means as part of a “basket of metrics” for quantifying impact
in a particular field.5 The objective of this study is to examine
correlation between bibliometric and Altmetric scores for a
subset of articles in ophthalmology literature, to answer the
questions of whether Altmetric data correlates with biblio-
metrics, and in what ways it may be weaker, stronger, or
complementary. It was hypothesized that there would be a
stronger correlation between Altmetric scores and tradition-
al bibliometrics in the later cohort as a reflection of social
media’s expanded influence across time compared with
articles published previously.8 In this study, we reviewed a
select sample of ophthalmology literature to determine if
there was a correlation between Altimetric and traditional
citation based and impact factor metrics. To our knowledge,
this is thefirst such study in the English language ophthalmic
literature.

Methods

Using Journal Citation Reports for the year 2013, the 15
ophthalmology journals with the highest impact factors
were selected (►Table 1). Then, using Elsevier’s Scopus,9 the
10most cited articles fromeach journalwere identified for the
years 2013 and 2016. These particular years were selected to
ensure article metrics had sufficient time to mature after
publication, as well as to allow comparison of two distinct
snapshots of a changing socialmedia landscape. The Altmetric
Bookmarklet was used to collect metrics for all identified
articles, and journals with an active Twitter account were
identified and date of creation of the account was noted.

Altmetric scores are calculated by an automated algo-
rithm. This algorithm is designed to take into account two

count and Altmetric score. For the 2016 cohort, both Altmetric score and citation count
(r¼0.583, p<0.001) and Altmetric score and impact factor (r¼0.183, p¼0.025)
revealed significant positive correlations. In 2016, two journals were found to have
significant correlations between Altmetric score and citation number. Neither year
revealed a significant correlation between the age of a journal’s Twitter profile and the
relationship between Altmetric score and citation count. In each year, Twitter
accounted for the highest number of mentions.
Conclusion The findings suggest that correlation between Altmetric score and
traditional quality metric scores may be increasing. Altmetric score was correlated
with impact factor and number of citations in 2016 but not 2013. At this time,
Altmetrics are best used as an adjunct that is complementary but not an alternative to
traditional bibliometrics for assessing academic productivity and impact.
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aspects of a share: quality and quantity. To capture quality,
different sources of attention are given different weights: a
mention in a news source carries more weight than a
mention in a blog, which carriesmoreweight than amention
on Twitter, which carries more weight than a mention on
Facebook or Reddit. These relative weights are intended to
capture the likelihood that that mention will bring attention
to the source. For example, a news story is likely to bring
more attention than a post on Facebook. The Altmetric
algorithm also takes quantity into account, as well as other
factors, so the score is not simply a sum of all mentions by
each media type.10

Pearson’s correlation coefficient (r) determined correla-
tion of independent variables (number of citations or impact
factor) with dependent variable (Altmetric score). A signifi-
cant p-value was predefined as <0.05 and Microsoft Excel
was used for all statistical analyses. For our Twitter analysis,
account age was the independent variable and calculated
correlation coefficients (r) were the dependent variable.
Proportion of variance was determined with a coefficient
of determination (R2). These statistical analysis methods
were derived from prior research examining the correlation
between Altmetric score and traditional bibliometrics in the
general surgery,11 pediatric surgery,12 dental implantol-
ogy,13 and urology literature.14

Results

The 15 journals with the highest impact factor based on the
Journal Citation Reports in the year 2013 were selected for
analysis. Subsequently, the 10 articles accruing the most
citations were obtained from each journal in 2013 and 2016
(►Table 1). In total, 300 articles were reviewed and included
in this analysis. The cohort of publications from2013 accrued
16,753 citations with a median of 96 (21–441). For the same
cohort, the summed Altmetric score of all articles was 1,495
with a median of 2.5 (0–399).

As would be expected, there was a significant positive
relationship between article citation count and journal im-
pact factor in 2013 (r¼0.394, R2¼0.155, p<0.001). Altmet-
ric score, however, did not have a significant correlationwith
either citation count (r¼0.076, R2¼0.00057, p¼0.358) or
impact factor (r¼0.086, R2¼0.0074, p¼0.295) for the same
cohort (►Fig. 1A, B). Within each journal, the presence of a
correlation between Altmetric score and article citation
number was studied (►Table 2). Three journals had signifi-
cant positive correlations between these two variables:
American Journal of Ophthalmology (r¼0.684, p¼0.029),
Retina-The Journal of Retinal and Vitreous Disease
(r¼0.683, p¼0.029), and British Journal of Ophthalmology
(r¼0.841, p¼0.002). No other journals in 2013 had a

Table 1 Journal breakdown by citations, Altmetric score, impact factor, and age of Twitter account

Journal Citations
(median
[range])
(2013)

Altmetric
score
(median
[range])
(2013)

Citations
(median
[range])
(2016)

Altmetric
score
(median
[range])
(2016)

Journal
impact
factor
(2013)

Journal
impact
factor
(2016)

Age of
Twitter
account (y)

Progress in Retinal
and Eye Research

112 [87–304] 4 [0–64] 88.5 [64–183] 2 [1–26] 9.897 11.587 N/A

Ophthalmology 260.5 [188–441] 4 [0–124] 141 [99–432] 80.5 [2–1,155] 6.17 8.204 N/A

Archives of Ophthalmology
(now JAMA Ophthalmology)

102 [84–140] 11 [1–399] 77.5 [53–314] 54.5 [4–1,340] 4.488 5.625 10.67

Ocular Surface 29.5 [21–170] 0 [0–16] 35.5 [26–67] 1.5 [0–16] 4.212 4.383 N/A

American Journal
of Ophthalmology

127 [108–187] 2 [0–21] 79 [73–115] 2.5 [1–10] 4.021 5.052 5.67

Investigative Ophthalmology
& Visual Science

121.5 [101–144] 1.5 [0–10] 95.5 [65–154] 3 [1–14] 3.661 3.303 6.58

Survey of Ophthalmology 80 [66–247] 0 [0–4] 39 [26–77] 4.5 [0–25] 3.507 3.374 N/A

Retina—The Journal of Retinal
and Vitreous Diseases

116 [73–182] 1 [0–13] 47.5 [42–110] 1.5 [0–10] 3.177 3.7 N/A

Experimental Eye Research 76 [64–133] 6 [0–108] 30 [24–80] 1 [0–12] 3.017 3.332 N/A

British Journal of
Ophthalmology

99.5 [74–179] 5.5 [0–91] 70 [47–97] 4 [0–63] 2.809 3.806 N/A

Journal of Refractive Surgery 61 [46–166] 0 [0–3] 37 [23–75] 5 [0–21] 2.781 3.709 10.25

Journal of Vision 70.5 [63–236] 3 [0–16] 20.5 [20–24] 1 [0–329] 2.727 2.671 6.58

Ophthalmic and
Physiological Optics

34.5 [30–144] 0 [0–11] 21.5 [16–31] 1.5 [0–95] 2.664 2.302 N/A

Current Opinion in
Ophthalmology

50.5 [43–229] 3 [0–10] 21.5 [15–43] 2.5 [1–13] 2.638 2.92 8.5

Journal of Cataract and
Refractive Surgery

111 [80–147] 10.5 [0–28] 45.5 [26–57] 2 [0–16] 2.552 2.687 2.67
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significant correlation between citation count and Altmetric
score.

To establish a frameof comparison across time in regard to
social media usage in the ophthalmology literature, an
identical number of the highest cited articles were reviewed

from the same journals in the year 2016. This 2016 cohort
accrued a sum of 9,736 citations with a median of 48.5
(15–432). The 2016 total citations represented a 41.9%
decline from the 2013 total citations that is expected given
that the 2016 cohort has had less time to accrue citations. In

Fig. 1 Altmetric score vs citations and vs impact factor.

Table 2 Journal breakdown by year of Twitter creation and correlation coefficients

Journal Year
Twitter
created

Correlation
coefficient
between number
of citations and
Altmetric
score (2013)

p-Value
(2013)

Correlation
coefficient
between number
of citations and
Altmetric
score (2016)

p-Value
(2016)

Progress in Retinal and Eye Research N/A 0.004 0.990 –0.006 0.986

Ophthalmology N/A –0.046 0.899 0.748 0.013

Archives of Ophthalmology
(now JAMA Ophthalmology)

2009 –0.444 0.199 0.558 0.094

Ocular Surface N/A 0.046 0.900 –0.103 0.778

American Journal of Ophthalmology 2014 0.684 0.029 0.344 0.330

Investigative Ophthalmology & Visual Science 2013 0.373 0.288 0.250 0.486

Survey of Ophthalmology N/A –0.202 0.414 0.066 0.857

Retina-The Journal of Retinal and Vitreous Diseases N/A 0.683 0.029 –0.173 0.633

Experimental Eye Research N/A 0.149 0.681 0.719 0.019

British Journal of Ophthalmology N/A 0.841 0.002 0.618 0.057

Journal of Refractive Surgery 2009 –0.174 0.631 0.484 0.157

Journal of Vision 2013 –0.315 0.375 0.115 0.751

Ophthalmic and Physiological Optics N/A –0.098 0.788 –0.467 0.173

Current Opinion in Ophthalmology 2011 0.174 0.632 0.615 0.059

Journal of Cataract and Refractive Surgery 2017 –0.526 0.118 0.237 0.510
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addition, the summed Altmetric score for all articles in this
cohort was 6,638 with a median of 3 (0–1,340). The 2016
cumulative Altmetric score represents a 344% increase in
relation to the 2013 total. Nearly 42% of the cumulative
Altmetric score in 2016 was composed from one journal—
Archives of Ophthalmology (now JAMA Ophthalmology).

Like the 2013 group, review of the 2016 cohort demon-
strated that citation count and impact factor were positively
correlated (r¼0.540, R2¼0.2912, p<0.001). Distinct from
the 2013 cohort, in 2016 analysis of both Altmetric score and
citation count (r¼0.583, R2¼0.3398, p<0.001) and Altmet-
ric score and impact factor (r¼0.183, R2¼0.0333, p¼0.025)
revealed significant positive correlations (►Fig. 1C, D).
Studying the journals individually, in 2016 two journals
were found to have significant correlations between Altmet-
ric score and citation number. These included positive cor-
relations for the journals Ophthalmology (r¼0.748,
p¼0.013) and Experimental Eye Research (r¼0.719,
p¼0.019) (►Table 2).

Interestingly, less than half (7 of 15) of the ophthalmology
journals studied had an established Twitter account at the
time this studywas performed (►Table 1). The average age of

established Twitter profiles was 7.27 years with the oldest
account belonging to Archives of Ophthalmology (now JAMA
Ophthalmology) and the youngest to the Journal of Cataract
and Refractive Surgery.

The correlation between the age of a journal’s Twitter
profile and the relationship between Altmetric score and
citation count was determined for both years. Neither year
revealed a significant correlation: 2013 (r¼0.070, p¼0.882)
and 2016 (r¼0.673, p¼0.098) (►Fig. 2). Reviewing the
individual components that derive the composite Altmetric
score, in each year Twitter accounted for the highest number
of mentions. The second and third highest mentions were on
news outlets and Facebook, respectively (►Table 3). Across
the individual factors contributing to the Altmetric score, the
majority of sources experienced increases in mentions from
2013 to 2016 with the exception of policy sources, Wikipe-
dia, patents, and research highlight platforms.

Discussion

To our knowledge, this is the first study in the ophthalmology
literature to compare Altmetrics with traditional

Fig. 2 Age of journal Twitter account versus the correlation coefficient between number of citations and Altmetric score, for (a) 2013 and (b)
2016 cohorts. Neither year revealed a significant correlation (for 2013 p¼ 0.882 and for 2016 p¼ 0.098).
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bibliometrics. While journal impact factor and article citation
count showedpositive correlations for both the2013and2016
cohorts, Altmetric score only showed a positive correlation
with article citation count and journal impact factor for the
2016 cohort. Given that the combined Altmetric score for all
articles was more than four times higher in 2016 than 2013
(6,638 and 1,495 respectively), we can infer an increase in use
of social media for publication dissemination among the
ophthalmology literature. As this change is seen across only
two snapshots in time, further research is needed to better
characterize this trend and help elucidate the underlying
causes. One explanation may include society-wide increases
in social media participation or journal integrationwith social
media between 2013 and 2016.8

Twitter mentions were by far the most common type of
social media involvement in both the 2013 and 2016 cohorts.
However, age of journal Twitter account showed no signifi-
cant correlation with the relationship of Altmetric score and
citation count for either 2013 or 2016. Given thatmuch of the
content on Twitter is generated by individual users, it is not
particularly surprising that article Twitter mentions did not
correlate with journal account age. Unfortunately, this does
not shed any light onwhat factors other than journal Twitter
account age, if any, correlate with a higher level of mentions
on Twitter.

When analyzed individually, only three journals from
2013 (American Journal of Ophthalmology, Retina-The Journal
of Retinal and Vitreous Disease, and British Journal of Oph-
thalmology) and two journals from2016 (Ophthalmology and
Experimental Eye Research) had significant correlations be-
tween Altmetric scores and article citation number. Thus, in
spite of higher overall Altmetric scores in 2016, and a
significant correlation between Altmetric score and both
citation count and impact factor in 2016 but not in 2013,
fewer journals showed a significant correlation between
Altmetric score and article citation number. This may be

due to several factors including fewer citations accrued for
the 2016 articles. It certainly seems to suggest that no journal
studied has managed to consistently get attention via alter-
native sources in an identical manner to the journal’s cita-
tions via traditional avenues. For this reason, Altmetric
scores and traditional bibliometrics at this time are not
tightly correlated across the spectrum of individual journals
in the ophthalmology literature.

Comparisonwith similar studies conducted in other fields
including the general surgery,11 pediatric surgery,12 dental
implantology,13 and urology literature14 provides some illu-
minating conclusions. The analyses of the general surgery,
pediatric surgery, and urology literature all demonstrated
significant correlations between Altmetric score and either
article citation count alone or both article citation count and
impact factor. The analysis of dental implantology literature
showed no correlation between Altmetric score and citation
count or journal impact factor. Only the pediatric surgery
literature analysis showed an increased correlation between
Altmetric score and article citation number with increasing
age of journal Twitter accounts. Taken together, these find-
ings support the conclusion that different medical subspe-
cialties exhibit different patterns of use and uptake of the
types of social media investigated by Altmetric score.

Upon examination of the Altmetric data for 2013 and
2016, several notable changes are present. The most drastic
change is in total Twitter mentions, increasing from 284 in
2013 to 1,608 in 2016, an increase of 466.2%. Of note, news
outlet mentions made the second biggest increase, from 121
to 658 (443.8%). Facebook mentions likewise showed an
increase, but a comparatively more subdued one from 64
in 2013 to 204 in 2016 (218.8%). Notably, mentions by policy
sources, Wikipedia, and patent applications all showed
marked decreases in number of mentions from the 2013 to
2016 cohorts. It has been noted that there exists variation
among alternative metric collection programs, with Altmet-
ric reporting the most news sources, blogs, and tweets, but
missing some Mendeley readers (as compared with PlumX)
and missing some Wikipedia mentions (as compared with
CED).15 However, increasing prevalence and penetrance of
social media use is at least partly responsible for the
increases in Twitter and Facebook mentions.

We recognize the limitations of our study. First, it is
important to point out that the conclusions are drawn based
on an intentionally limited sample size. Nevertheless, we
believe that the sample is representative of the most widely
read scientific ophthalmic journals. Second, only the most
highly cited studies from the highest impact factor journals
were included, so the conclusions of our study may not be
broadly generalizable to the remainder of the ophthalmolo-
gy literature. On that note, our sample size is also limited to
ophthalmology literature, and cannot be used to draw defin-
itive conclusions about trends within medical or scientific
literature more broadly. Third, because our data are only
obtained from ophthalmology journals, they do not take into
account ophthalmology articles published in nonophthal-
mology journals like New England Journal of Medicine or
Nature. Fourth, in choosing to compare two cohorts 3 years

Table 3 Social media mentions in each year’s cohort

Source Article
“mentions”
in 2013

Article
“mentions”
in 2016

Percent
change (%)

Twitter 284 1608 466.2

Facebook 64 204 218.8

Blog 13 43 230.8

Policy source 19 7 –63.2

News outlets 121 658 443.8

Wikipedia 13 10 –23.1

Reddit 2 3 50

Videos 1 5 400

Patents 47 3 –93.6

Google þ 8 36 350

Research
highlight
platforms

17 13 –23.5
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apart and 4 or 7 years old at the time of analysis, we intended
to give citation numbers sufficient time to mature, but
correlations between variables may have been different if
different years were chosen.4Whilewewere unable to find a
correlation between Twitter account age and Altmetric
scores, other metrics like Twitter account activity may be
better suited to this purpose. Fifth, there are limitations
inherent to the metrics used. While Altmetrics tend to level
off fairly quickly after article publication, citations can take
much longer to mature, with significant differences seen in
cohorts of articles examined before and after 5 years of age.4

Unfortunately, the inherent subjectivity in any rating mech-
anism means that any method will not perfectly capture
what it sets out to capture. When we accept that neither
Altmetrics nor bibliometrics perfectly measure “impact,”we
can see that comparison of the two will be limited by
the degree of imprecision inherent in each methodology.
For example, questions remain regarding how to best mea-
sure social media impact. Number of total tweets about an
article varies in significance depending on how many are
retweets and how many individual users are in the conver-
sation. Different Altmetric aggregators (Altmetric, CrossRef,
Plum, Mendeley) vary in ability to track data, and in weight
given to different types of data for determining total
score.15,16 Finally, being merely descriptive and not experi-
mental, our study format does not allow us to answer
questions regarding underlying trends and forces shaping
our results.

Conclusions

While journal impact factor and article citation count
showed positive correlations for both the 2013 and 2016
cohorts, Altmetric score only showed a positive correlation
with article citation count and journal impact factor for the
2016 cohort. We hypothesize that some possible causes are
greater uptake of social media among readers of ophthal-
mology literature, primarily driven by a greater number of
mentions on Twitter, and further supported by a higher
combined Altmetric score for the 2016 cohort. When com-
paredwith similar projects done in othermedical specialties,
our results differed in that we found a statistically significant
correlation only for the 2016 cohort. Reasons for this inter-
specialty heterogeneity are unclear andmaywarrant further
investigation.

The question remains: how do Altmetrics compare with
traditional markers of publication impact? A complete an-
swer to that questionwill take time as the role of socialmedia
in society in general and in the field of ophthalmology
evolves. It will additionally require more in-depth research
to further illuminate the details of the challenging concept of
article quality, and how Altmetrics and bibliometrics at-
tempt to approximate this concept. Although traditional
bibliometrics will likely remain the main measure of journal
and article impact within ophthalmology, Altmetrics are

becoming an important complementary marker of article
influence in society more generally. Authors and academic
institutions should recognize the increasing prevalence of
alternative metrics of article reach and adjust promotions
committee decisions and compensation structures
accordingly.
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