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Background. The Thoracic Surgery Social Media
Network (TSSMN) is a collaborative effort of leading
journals in cardiothoracic surgery to highlight publica-
tions via social media. This study aims to evaluate the 1-
year results of a prospective randomized social media
trial to determine the effect of tweeting on subsequent
citations and nontraditional bibliometrics.

Methods. A total of 112 representative original articles
were randomized 1:1 to be tweeted via TSSMN or a
control (non-tweeted) group. Measured endpoints
included citations at 1 year compared with baseline, as
well as article-level metrics (Altmetric score) and Twitter
analytics. Independent predictors of citations were iden-
tified through univariable and multivariable regression
analyses.

Results. When compared with control articles, tweeted
articles achieved significantly greater increase in Altmetric
scores (Tweeted 9.4 ± 5.8 vs Non-tweeted 1.0 ± 1.8, P < .001),
Altmetric score percentiles relative to articles of similar age

from each respective journal (Tweeted 76.0 ± 9.1 percentile
vs Non-tweeted 13.8 ± 22.7 percentile,P < .001), with greater
change in citations at 1 year (Tweeted D3.1 ± 2.4 vs Non-
Tweeted D0.7 ± 1.3, P < .001). Multivariable analysis
showed that independent predictors of citations were
randomization to tweeting (odds ratio [OR] 9.50; 95% con-
fidence interval [CI] 3.30-27.35,P < .001),Altmetric score (OR
1.32; 95%CI 1.15-1.50,P < .001), open-access status (OR 1.56;
95% CI 1.21-1.78, P < .001), and exposure to a larger number
of Twitter followers as quantified by impressions (OR 1.30,
95% CI 1.10-1.49, P < .001).
Conclusions. One-year follow-up of this TSSMN pro-

spective randomized trial importantly demonstrates that
tweeting results in significantly more article citations
over time, highlighting the durable scholarly impact of
social media activity.
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The Thoracic Surgery Social Media Network (TSSMN)
was formed in 2015 as a collaborative effort between

The Annals of Thoracic Surgery and The Journal of Thoracic
and Cardiovascular Surgery.1 The primary goals of the
initiative were to bring social media attention to key
publications from both journals and to highlight major

accomplishments in cardiothoracic surgery. TSSMN has
established a presence in the social media community,
achieving its goals through the activity of delegates who
tweet content related to recent journal publications, live-
tweet the specialty’s annual meetings, and host 1-hour live
TweetChats featuring key articles published in cardiotho-
racic surgery to engage manuscript authors, readers, and
the virtual community in scholarly discussion.2-6Accepted for publication Apr 10, 2020.
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Article level metrics (Altmetrics) are emerging as an
important measure of academic impact7 and are intended
to be a complementary online dimension to traditional
citation-based metrics with real-time data addressing
how articles are shared and discussed globally. Impor-
tantly, previous investigations have demonstrated that
high levels of online social media attention are correlated
with subsequent increases in article access and citations.8

We have previously reported on short-term results of a
prospective randomized trial demonstrating that sched-
uled tweeting of original research published in The Annals
of Thoracic Surgery and The Journal of Thoracic and Car-
diovascular Surgery via TSSMN improves early non-
traditional bibliometrics of dissemination.9 The present
study aims to evaluate the longer-term impact (1 year)
after completion of the prospective randomized social
media trial, of tweeting on citations and whether non-
traditional bibliometrics correlate with citations over
time.

Patients and Methods

Inclusion Criteria

One hundred twelve representative original scientific
articles published from 2017-2018 in The Annals of Thoracic
Surgery and The Journal of Thoracic and Cardiovascular
Surgery were randomly selected for inclusion in the study.
Of the 112 articles, 56 (50%) articles, equally distributed
among research categories (education, general thoracic
surgery, adult cardiac surgery, congenital cardiac sur-
gery), were then randomly allocated to the group to be
tweeted and 56 (50%) were allocated to the control group
(non-tweeted).

Exclusion Criteria

Articles that were not reporting on original scientific
research were excluded— i.e., reviews, editorials, letters
to the Editor, and case reports. Furthermore, articles that
had been previously tweeted via TSSMN were also
excluded from the study.

Study Protocol

We have previously published in detail our study proto-
col for the present trial.9 In brief, 4 articles were pro-
spectively tweeted per day by a designated TSSMN
delegate (JL) and retweeted by all other TSSMN delegates
(n ¼ 11) with a combined followership of 52,893 in-
dividuals and @TSSMN for 14 days from June 4, 2018, to
June 17, 2018. TSSMN delegates were instructed to only
retweet and not interact with the tweet in any other way
(ie, by liking, commenting, or clicking on the media
content, URL [uniform resource locator], or hashtag) for
the purposes of standardization. The headline and social
media summary were standardized to be written in sim-
ple English to convey the main point of each article, the
authors and institutions involved in the study, and a link
to the full-text version of the article on the respective
journal’s website. Each article served as its own baseline

control. In addition, to further reduce the possibility of
unmeasured confounders by using a randomized design,
each article was also compared to a control article that
was published in the same issue, of the same article type
and research category. For the control group, no tweets or
social media activity were planned.

Study Design

A power calculation was not performed because the
relevant effect size for this study remains unknown. A
size of 56 articles to be tweeted was chosen so that 4 ar-
ticles could be tweeted per day at various times over a
course of focused tweeting of 14 days. This study was
intended to simulate and evaluate the effect of a feasible
focused tweeting period with engagement of all TSSMN
delegates. The study did not meet criteria for human
subjects research and was exempt from review by our
institutional review board.

Outcomes

Measured outcomes included citations at 1 year
compared with baseline, as well as article-level metrics
(Altmetric score) and Twitter analytics.
Article-level metrics have been proposed as an alter-

native way of quantifying journal impact, which is tradi-
tionally expressed as the journal impact factor. Altmetrics
track the impact of publications at the article level by the
digital object identifier for impact beyond citations,
including Mendeley reads.9 The colors of the Altmetric
doughnut each represent a different source of attention
and the relative amount of each color depends on which
sources of attention have been garnered by a given
research output. Attention from all sources is tracked in
real-time or daily feeds, and, as such, the color comple-
ments of the doughnut and score may change daily.9 The
Altmetric score is derived from an automated algorithm
and weighted by the relative importance of the medium
and the mentioner.
Twitter analytics include impressions, engagements,

retweets, likes, URL clicks, hashtag clicks, detail expan-
sion, media views and media engagements. As defined by
Twitter, impressions are the number of times article
tweets were viewed by unique individuals, whereas en-
gagements are the events in which individuals interacted
with a tweet (retweets, likes, link clicks, etc).10

Statistical Analyses

An intention-to-tweet analysis of all randomized articles
was undertaken to compare the effect of tweeting via
TSSMN vs the control group of no dedicated tweeting.
Prespecified subgroups were also analyzed. Parametric
continuous variables expressed as mean � standard de-
viation was compared by use of the Student’s t test.
Nonparametric continuous variables expressed as me-
dians (interquartile range) were compared by use of the
Mann-Whitney U test. Categorical data were expressed
as counts and percentages and c

2 test was used to analyze
differences between groups. Independent predictors of
citations were identified through univariable and
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multivariable regression analyses. Statistical analyses
were performed using Stata (Stata Corp, College Station,
TX) with significance set at a P value of .05.

Results

Baseline Demographics

The combined followership of all TSSMN delegates was
52,983. In the comparison of baseline characteristics be-
tween the 56 articles that were allocated to be tweeted and
the 56 articles that were used as controls, there were no
differences in baseline citations, Altmetric scores, prior
tweets, or social media posts, Mendeley reads, or open
access status (Table 1).

Twitter Analytics of TSSMN Tweets

Follow-up of tweeting via TSSMN at 1 year generated an
average of 3569 impressions and 74 engagements per
tweet for each article (Table 2). Per tweet, there was an
average of 13 retweets, 10 likes, 14 link clicks to the
respective journal website to view the full text, 12 detail
expansions, 11 media views, and 14 media engagements.

Effect of Tweets on Altmetric Scores and Citations

Articles randomized to tweeting experienced a substan-
tially greater change at 1-year follow-up in Altmetric
score (Tweeted þ9.4 � 5.8 vs Non-Tweeted 1.0 � 1.8,
p<0.001), Mendeley reads (Tweeted þ9.2 � 7.5 vs Non-
Tweeted 3.2 � 6.1, p<0.001) and citations (Tweeted þ3.1
� 2.4 vs Non-Tweeted þ0.7 � 1.3, p<0.001) (Figure 1A)
(Table 2). When compared to articles that were not
tweeted, tweeted articles achieved significantly higher
Altmetric score percentile relative to articles of similar
age from each respective journal (Tweeted 76.0 � 9.1
percentile vs Non-Tweeted 13.8 � 22.7 percentile,

P < .001) (Figure 1B and 1C). Altmetric score percentile
strongly correlated with citations (r ¼ 0.72, P < .001).
There were no significant differences in 1-year follow-up
change in Altmetric score, Mendeley reads, and citations
among different categories of articles (education, general
thoracic surgery, adult cardiac surgery, and congenital
cardiac surgery (data not shown).

Predictors of Citations

On multivariable analysis, independent predictors of ci-
tations included being randomized to tweeting (odds ra-
tio [OR] 9.50; 95% confidence interval [CI] 3.30-27.35, P <

.001), Altmetric score (OR 1.32; 95% CI 1.15-1.50, P < .001),
open access status (OR 1.56; 95% CI 1.21-1.78, P < .001),
and exposure to a larger number of Twitter followers as
quantified by impressions (OR 1.30, 95% CI 1.10-1.49, P <

.001). Specifically, citations were predicted by Twitter
exposure to scientists (OR 1.57; 95% CI 1.25-1.96, P <

.001), physicians (OR 1.86; 95% CI 1.33-2.60, P < .001), and
the media (OR 2.75; 95% CI 1.38-5.46, P ¼ 0.004).

Comment

Academic scholarship has been conventionally judged by
metrics related to citations; these metrics have likewise
been used in the assessment of the quality of an in-
dividual’s scholarly contributions.11 Altmetrics, or article-
level metrics, are emerging as alternative measures of
academic impact by quantifying social media attention of
scholarly work and public engagement.11 In principle, it is
plausible that increased social media exposure for articles
may translate into increased article dissemination and
usage, thus warranting journal-driven social media ef-
forts. Nevertheless, concrete data to support efforts for
social media engagement are lacking.
The present study reports on the results of a 1-year

follow-up of the prospective randomized trial aimed to

Table 1. Baseline Article Characteristics (Tweeted vs Non-
Tweeted)

Tweeted Non-Tweeted P Value

Citations 1.0 � 0.4 1.3 � 0.5 .865

Altmetric score 0.7 � 1.8 0.9 � 2.3 .432

Tweets 1.0 � 3.1 1.5 � 3.5 .457

Facebook posts 0.0 � 0.1 0.0 � 0.1 >.999

Mentioned in Google
Plus

0.0 � 0.0 0.0 � 0.0 >.999

Reddited 0.0 � 0.1 0.0 � 0.0 .319

Picked up by news
outlet

0.0 � 0.1 0.0 � 0.0 .319

Blogged 0.0 � 0.0 0.0 � 0.0 >.999

Mendeley reads 1.2 � 2.8 0.9 � 2.4 .515

Connotea 0.0 � 0.0 0.0 � 0.0 >.999

CiteULike 0.0 � 0.0 0.0 � 0.0 >.999

Exposure to Twitter
followers

2715.4 � 11,393.3 2564.3 � 6780.4 .932

Open access, % 59 66 .440

Values are expressed as mean � standard deviation unless otherwise
marked.

Table 2. Social Media Impact of Articles Comparing Before
and After Tweeting Via TSSMN at 1 Year of Follow-Up

Tweeted Non-Tweeted P Value

Change in citations 3.1 � 2.4 0.7 � 1.3 <.001

Change in Altmetric

Score 9.4 � 5.8 1.0 � 1.8 <.001

Tweets 15.0 � 3.8 0.0 � 0.1 <.001

Mendeley Reads 9.2 � 7.5 3.2 � 6.1 <.001

Change in Twitter analytics

Impressions 1969.5 � 138.6 . NA

Total engagements 15.6 � 20.7 . NA

Retweets 1.2 � 1.3 . NA

Likes 1.3 � 1.5 . NA

URL clicks 2.6 � 4.1 . NA

Hashtag clicks 0.1 � 0.4 . NA

Detail expand 3.4 � 5.5 . NA

Media views 5.8 � 12.1 . NA

Media engagements 3.9 � 11.2 . NA

NA, not available; TSSMN, Thoracic Surgery Social Media Network.
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study the role of the social media group TSSMN in the
dissemination of cardiothoracic surgery scholarly litera-
ture. We demonstrate that, compared with articles not
tweeted that were used as controls, articles randomized to
tweeting experienced substantially higher Altmetric
scores, greater Altmetric score percentiles relative to ar-
ticles of similar age from the respective journal, and
greater increases in citations at 1 year. On multivariable
analysis, independent predictors of citations included
being randomized to tweeting, Altmetric score, open ac-
cess status, and exposure to a larger number of Twitter
followers.

Previous work exploring the potential of tweeting to
increase journal article dissemination has resulted in
findings that have been mixed. A randomized trial con-
ducted by Fox and associates12,13 of articles published in
Circulation did not demonstrate a difference in 30-day
page views for articles that were tweeted and posted to
Facebook when compared with those that were not. In
contrast, a randomized trial showed that tweeting articles
from Academic Medicine14 and Cochrane Reviews15

increased page views at 30 days and 7 days of follow-up,
respectively. Furthermore, Hawkins and colleagues16,17

demonstrated that physician-led programs to tweet about
articles accrue higher online engagement as quantified by
weekly page views than tweets originating only through
Twitter accounts managed by the journals themselves.
Recognizing that page views are only one aspect of social
media exposure, other studies have demonstrated that
article mentions on Twitter (within days of publication)
correlated highly with eventual citations;8 however, other
studies of Altmetrics (including Twitter mentions) of ar-
ticles demonstrate weak relationships with article access
and eventual citation.18-20

Our study contributes to the ongoing research on the
efficacy of social media strategies to improve article reach
by using a rigorous study design, randomizing articles 1:1
to be tweeted or not, and performing longitudinal follow-
up of multiple metrics of scholarly dissemination at 1-
year’s time including Altmetric scores and citations. We
add to our prior study9 that demonstrates that there is a
rise in social media impact (Altmetric scores and Twitter
analytics) in relation to article tweets with a plateau effect
on early follow-up of 7 days by furthering this finding

with demonstrated translation to change in citations at 1
year of follow-up. Our finding of an association between
open access status and citations has implications for au-
thors and journals to consider their open access policies
to increase readership. Regardless of the modality for
dissemination, our study suggests that greater public
accessibility for a public and scientific readership may
contribute to higher Altmetric score, Altmetric percentile,
and, ultimately, citations.
We demonstrate the feasibility of establishing a social

media working group (TSSMN) with large social media
followership of 52,983 consisting of key opinion leaders in
cardiothoracic surgery and the impact of their tweeting
activity on alternative article-level metrics and citations.
Future use of more comprehensive social media strate-
gies and their effects on article dissemination should be
tested in a similarly rigorous manner.

Study Limitations

Our study is subject to a number of limitations that must
be considered in the interpretation of the data. Although
we were able to demonstrate social media impact and
attention, alternative metrics do not differentiate between
positive and negative attention as well as quality of the
tweet or article. It is possible that citations occur because
of the importance of the article, irrespective of targeted
social media dissemination of the article via TSSMN. No
single metric provides a reader with a comprehensive
measurement of the quality and importance of an article
and are each subject to their own set of limitations.21 Our
study is limited in sample size, confined to articles pub-
lished in The Annals of Thoracic Surgery and The Journal of
Thoracic and Cardiovascular Surgery, where the large
followership of TSSMN can limit the replicability of this
approach for implementation in other journals. It is
possible that social media campaigns over a limited
timespan with high frequency can lead to tweet burnout
for followers; in this study, however, there was no sig-
nificant change in viewer engagement over the 2-week
period. Furthermore, we were unable to account for so-
cial media activity of other Twitter users who may have
promoted the article, in addition to TSSMN, which may
confound our results. Future studies will aim to correlate
social media attention to long-term article citations and

Figure 1. One-year outcomes of the Thoracic Surgery Social Media Network Randomized Prospective Social Media Trial demonstrating tweeting
improves change in (A) citations; (B) Altmetric score; and (C) Altmetric percentile relative to journal and age.
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journal impact factor. Furthermore, TSSMN looks for-
ward to expanding its efforts in disseminating cardio-
thoracic surgical scholarship to other social media
platforms.

Conclusions

One-year follow-up of this TSSMN prospective random-
ized trial importantly demonstrates that tweeting results
in significantly greater article citations, highlighting the
prolonged scholarly impact of social media activity.
Moreover, social media attention, as measured by
nontraditional bibliometrics of dissemination, was pre-
dictive of article citations. Longer-term studies with cor-
relation of article-level metrics with traditional endpoints
of journal citations and impact factor are needed.

Dr Arora has received an unrestricted educational grant from
Pfizer Canada Inc.
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