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Abstract

Background: Former Detroit Red Wing Gordie Howe received stem cell (SC) treatment in Mexico in December 2014 for a
stroke he suffered in October 2014. The news about his positive response to the SC treatment prompted discussion on social
networks like Twitter.

Objective: Thisstudy aimsto provide information about discussions that took place on Twitter regarding Howe's SC treatment
and SC treatment in general. In particular, this study examines whether tweets portrayed a positive or negative attitude towards
Howe's SC treatment, whether or not tweets mention that the treatment is unproven, and whether the tweets mention risks
associated with the SC treatment.

Methods: Thisisan infodemiology study, harnessing big data published on the Internet for public health research and analysis
of public engagement. A corpus of 2783 tweets about Howe's SC treatment was compiled using a program that collected
English-language tweets from December 19, 2014 at 00:00 to February 7, 2015 at 00:00. A content analysis of the corpus was
conducted using a coding framework developed through a two-stage process.

Results. 78.87% (2195/2783) of tweets mentioned improvements to Howe's health. Only one tweet explicitly mentioned that
Howe's SC treatment was unproven, and 3 tweets warned that direct-to-consumer SC treatments lacked scientific evidence. In
addition, 10.31% (287/2783) of tweets mentioned challengeswith SC treatment that have been raised by scientists and researchers,
and 3.70% (103/2783) of tweets either defined Howe as a“ stem cell tourist” or claimed that his treatment was part of “stem cell
tourism™. In general, 71.79% (1998/2783) of tweets portrayed a positive attitude towards Howe's SC treatment.

Conclusions; Our study found the responses to Howe's treatment on Twitter to be overwhelmingly positive. There was far less
attention paid to the lack of scientific evidence regarding the efficacy of the treatment. Unbalanced and uncritical discussion on
Twitter regarding SC treatments is another example of inaccurate representations of SC treatments that may create unrealistic
expectations that will facilitate the market for unproven stem cell therapies.

(JMIR Public Health Surveill 2016;2(1):e8) doi: 10.2196/publichealth.5264
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community. With continued developmentsin basic SC research,
the potential for clinical application of SCshas generated agreat

Over the past few decades, stem cell (SC) research has gained deal of hope for therapies and treatments for a wide range of
considerable attention from the international bioscience 01Se8ses, including neurodegenerative diseasesand fatal ilinesses
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that cannot be treated with existing medical treatments [1,2].
To date, very few SC therapies have received approval from
governmental regulatory authoritiesin countrieslike the United
States and Canada [3]. Despite this, many direct-to-consumer
clinics exist in countries throughout the world that offer
unproven SC therapies (eg, United States, China, and Ukraine)
[4-8]. Research has suggested that many patients, often with
serious and/or terminal conditions, travel to these clinics to
receive SC therapies, a phenomenon that is often referred to,
controversialy, as“stem cell tourism” [9-12].

Stories about well-known individuals, such as athletes, seeking
unproven SC treatmentsto heal injuries or accel erate the speed
of recovery, have proliferated in recent years[13,14]. One study,
for instance revealed that between 2012 and 2013 numerous
National Football League (NFL) players claimed to have
received SC therapies in the United States or abroad (eg,
Germany and South Korea) [14]. A more recent high-profile
example is that of Gordie Howe, a former Detroit Red Wing
hockey player nicknamed “Mr. Hockey”. In December 2014,
Howetraveled outside the United Statesto receive SC treatment
in Mexico for a stroke he suffered on October 26, 2014 [15].
The news release about Howe's positive response to the SC
treatment attracted a great amount of attention in the news and
sports media, and on social networks. A study of news stories
and readers' comments about Howe's SC treatment revealed
that the efficacy of Howe's treatment is often assumed and that
public debates tend to focus on the lack of access to SC
treatments more than the lack of scientific evidence and possible
risks associated with the unproven therapies [16].

Popular media are an important source of health information
for the public and can both shape and reflect public opinion of
major health stories [17-21]. Media coverage has also been
shown to play a role in creating public interest in new
biomedical technologies[6,22,23], and influencing health policy
debates [24]. More recently, socia networking websites that
facilitate online interaction and communication, like Twitter,
have allowed for rapid and widespread dissemination of
important health information [25-27]. Twitter users can post,
share or re-tweet messages with a 140-word limit to express
their opinions and join the public debate. With more than 300
million users, Twitter offers arich source of online discussion
and debate between users that include individual members of
the public and organizations from news media to academic
ingtitutions. As such, it provides arich source naturalistic data
to gauge health trends and public responses to major health
issues [28,29]. This approach is aso known as infodemiol ogy
or infoveillance [29]. In addition, celebrities’ engagement with
the public through the popular media, aswell astheinformation
shared on socia networking sites, can influence individual
health-related attitudes and behaviors [30,31]. Research using
Twitter may belimited because usersinclude both organizations,
who may have vested interests, and individuals, commonly
college-educated adults under the age of 50 [25], but it can still
provide valuable insights into what kind of information the
public are exposed to and interact with.

Although popular media, including Twitter, have been shown
to contribute to the hype surrounding stem cell research
[16,32-33], lessisknown about whether discussions on Twitter

http://publichealth.jmir.org/2016/1/e8/

Duetd

about a specific individual’'s SC treatment also contributes to
this hype. Howe's SC treatment and its concomitant Twitter
discussions provide the opportunity for exploring this topic,
specifically discussions about an individual’s SC treatment on
Twitter when such treatments are associated with a sports
celebrity. This study consists of a content analysis of tweets
about Howe's SC treatment that were posted within five weeks
after news of his treatment was announced, and examines the
information provided in and the tone of tweets about Howe's
SC treatment in Mexico.

Methods

A corpus of tweets was compiled by developing a program
using Python programming language through Topsy API that
allowed for the collection of tweets that contain specific terms
within a specified time frame [34]. We used the Topsy API
program because it is Twitter’s only certified partner and it
provides unlimited access to and full coverage of tweets since
Twitter was launched in 2006. Our program was developed to
automatically crawl English-language tweets containing the
search terms “ Gordie Howe” and “stem cell” that were posted
on Twitter from December 19, 2014 at 00:00, the date that the
story first appeared in the media, to February 7, 2015 at 00:00,
thetime when we started data collection. We limited our search
terms to compile a manageable sample of tweets. As such, our
corpus may not contain related tweets with variations on the
terms, but still represents a large sample that provides insight
into the nature of the discussions about Gordie Howe's stem
cell treatment in Mexico. The program collected 2788 tweets
that included the date and time, tweet content, tweet URL, its
author, and author URL. We excluded 5 tweets that were not
directly and specifically related to Howe's SC treatment story,
resulting in afinal data set of 2783 tweets.

A content analysis of the tweets was conducted in two stages.
First, we conducted an exploratory thematic analysis of a
random sample of 10% of tweets from the data set by which
we established a set of common themes (eg, improvements of
Howe's condition, risks associated with Howe' s treatment) that
appeared in the representations of Howe's SC treatment story
on Twitter. Second, we developed a coding framework that was
based on the common themes that emerged during the
exploratory thematic analysis. The coding framework was also
informed by previous coding frameworks developed by our
team [35-37]. The coding framework included 7 items about
whether tweets (1) included aclaim that Howe' shealth condition
improved; (2) mentioned that Howe's SC treatment is unproven;
(3) defined the treatment as a miracle or miraculous; (4)
mentioned or defined Howe's treatment as part of SC tourism,
(5) mentioned challengesraised by scientists, researchers, and/or
ethicists, and (6) mentioned risks associated with Howe's SC
intervention. Finally, the coding framework included an item
that considered the overall tone, which assessed whether the
attitude conveyed in atweet towards Howe's SC treatment was
positive, negative or neutral.

Due to the large data set, a single coder with expertise in stem
cell tourism applied the coding framework to the entire data set.
In order to minimize coder bias for subjective items in the
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coding framework, an independent coder without expertise
applied the same coding framework to 10% of the data set to
assess inter-coder reliability. Inter-coder reliability was
calculated using Cohen’s kappa (K), which generated K scores
on different coding categories in the range of 0.750-1.000,
thereby indicating substantial or almost perfect agreement as
based onthe Landis & Koch's benchmark for interpreting kappa
[38].

Results

In the first five weeks following the announcement about
Howe's SC treatment, much of the discussion on Twitter appears

Duetd

to have been prompted by the publication of news mediareports.
A press release announcing Howe's SC treatment and recovery
was published on December 19, 2014, and was picked up by
several news mediaoutlets that same day [16,39-42]. Over 710
tweets from our corpus were posted on that day. Following the
initial interest, another spike in published tweetsin our corpus
(419 tweets) appeared on January 27, 2015 in response to the
CBC Sports report that Howe showed dramatic improvement
after his SC treatment. Tweets that generated re-tweets or were
shared were often article titles published in media sources like
newspapers and sports websites, with fewer original tweets
coming from individuals (Tables 1 and 2).

Table 1. Examples of the most frequently re-tweeted messages that show positive attitude towards Howe's SC treatment.

Number of timesre-

Tweets Original sender tweeted or shared®
Gordie Howe makes “amazing” recovery following stem cell treatmentin ~ NBC Sports 188
Mexico

Gordie Howe shows improvement after stem cell treatment CBC Sports 157
VIDEO: Stroke victim Gordie Howe, now (back) playing hockey! Stem Cell ~ Keith Olbermann 68
Co. CEO joins me (Clinica Trials website)

Gordie Howe continues progress following stem cell treatment Michigan Live 58
Experimental stem cell treatment key in Gordie Howe'sdramatic improvement  The Globe and Mail 55
Gordie Howe shows dramatic improvement after stem cell treatment CBC Sports 54
Gordie Howe back stick-handling after stem cell treatment The Detroit News 51
Gordie Howe's “miraculous’ recovery after stroke credited to stem cell SportsNET Canada (online) 46

treatmentsin Mexico, says family.

%Re-tweets are defined as tweets started with the “RT”; shared tweets are those tweets posted without the “RT” but having exactly the same tweet

content.

Table 2. Examples of tweets that mentioned challenges raised by scientists and/or researchers regarding Gordie Howe's stem cell treatment.

Number of timesre-

Tweets Original senders tweeted or shared®
Gordie Howe, stem-cell tourist: experts warn of a worrisome trend Ottawa Citizen 79
Gordie Howe's stem cell therapy raises concernsamong regenerativemedicine  National Post 76
Gordie Howe's stem cell therapy raises concerns among medica experts CTV News 40
Gordie Howe's “miracle” in Mexico stirs experts’ doubts about stem-cell The Global and Mail 30

therapy

%Re-tweets are defined as tweets started with the “RT”; shared tweets are whose tweets posted without the “RT” but having exactly the same tweet

content.

The magjority of tweets in our corpus cited that Howe's health
improved following his SC treatment in Mexico (78.87%,
2195/2783). Many of these tweets used descriptive words, such
as“miraculous’, “dramatic”, “amazing”, and “remarkable”, to
describe the degree to which Howe's condition had improved
(Table 1). In addition, detailed descriptions of the hockey
player's progress were frequently re-tweeted, such as “ Gordie
Howe goesfrom not being ableto walk to pushing acart around
following stem cel treatment” and “Gordie Howe back
stick-handling after stem-cell treatment” (Table 1). Other
common topicsin the tweetsincluded excerptsfrom interviews

http://publichealth.jmir.org/2016/1/e8/

with Howe's family members that confirmed and provided
evidence for the improvements in Howe's health, for example,
“Gordie Howe's family said Gordie has made a miraculous
recovery with stem cell injections’ and “Mark Howe says
Gordi€'s health has improved dramatically since stem cell
treatment” (Tables 1 and 2).

Tweetswith criticisms or that raised concernswere lessfrequent.
Of the 2783 tweetsin the corpus, only one tweet mentioned that
Howe's SC treatment was unproven (which was posted by one
of this paper’sauthors); and 3 tweetswarned that SC treatments
lacked scientific evidence and that further research was needed
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to determine the efficacy and safety of SC treatments. While
10.31% of tweets (287/2783) mentioned scientists and
researchers have cited challenges associated with Howe's SC
treatment, only 5 tweets directly considered its potential health
risks (Table 2). References to stem cell tourism also appeared
intweets, with 3.70% of tweets (103/2783) either defining Howe
as a “stem cell tourist” or describing his treatment in Mexico
as“stem cell tourism”. Among this 3.70% (103/2783), the most
frequently re-tweeted message was: “ Gordie Howe, stem-cell
tourist: expertswarn of worrisometrend”, which wasre-tweeted
79 times (Table 2).

Overall, Howe's SC treatment was represented as a success
story. The majority of tweets were positive (71.79%,
1998/2783). These tweets either used positive wordsto describe
the treatment or provided details to remark on the great
improvement in Howe's health. In contrast, only 14.73%
(410/2783) of tweetswere negative in tone, and usually focused
on criticisms of Howe's decision to travel outside of the United
Statesfor treatment and concernsthat medical experts have with
the treatment. Some of the tweets (13.47%, 375/2783) were
considered neutral since they simply relayed news of Howe's
treatment (eg, “ Gordie Howe underwent stem cell clinical tria
in Mexico” and “Marty Howe recounts the trip to Mexico for
Gordie Howe's stem cell treatment”).

Discussion

Principal Findings

Our data show an overwhelmingly positive attitude towards
Howe's SC treatment, about 71.79% (1998/2783) of our corpus.
In comparison, safety concerns and potential harms associated
with unproven SC treatments (eg, physical harm, financia
exploitation, and creation of unredlistic expectations) wererarely
mentioned. These results may suggest misunderstandings of the
current state of SC research. Previous studies have found news
media representations of SC research is often inappropriately
“hyped”. For example, studies have found that the coverage of
SC research often provides overly optimistic estimates of the
length of time it takes for research to reach the clinics [33,43].
Given that many of the original tweets come from news media
sources like newspapers and sportswebsites, our resultsillustrate
how social networks, such as Twitter, bias exposure to
information and contribute to the dissemination of these overly
optimistic portrayals[16,26,32,33,44].

Previous studies have explored the nature and role of socia
mediain the context of stem cells and found representationsto
be, in general, predominantly positive in tone [32,33]. Our
resultsfit with thistrend. We found that alarge number of tweets
were published immediately following the initial press release
and media reports detailing Howe's treatment and recovery.
Theimmediacy of reactions on Twitter highlights the power of
celebrity to generate public interest. This finding is consistent
with other research on cel ebrities’ impact on the public regarding
health-related issues [31,45,46]. For example, Angelina Jolie’'s
announcement of her genetic predisposition to cancer and her
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decision to have prophylactic surgeries [47,48], resulted in an
increase in interest in breast cancer genetic testing and
prophylactic surgery [49].

Since Howe received his SC treatment outside the United States,
issues surrounding stem cell tourism were raised on Twitter.
However, compared to tweets focused on the improvementsin
Howe's health, the number of tweets that critiqued the
phenomenon of stem cell tourism accounted for a very small
portion (3.70%, 103/2783). We also observed that news media
(eg, National Post and The Globe and Mail), and academic
groups (eg, medical experts, scientists, and ethics scholars) did
provide more critical views on, and warnings about, the
implications of Howe's SC treatment. For exampl e, the National
Post stated: “ Gordie Howe's stem cell therapy raises concerns
among regenerative medicine’, while The Globe and Mail
stated: “ Gordie Howe's  miracle’ in Mexico stirs experts’ doubts
about stem-cell therapy” [50,51]. Unfortunately, these more
circumspect voices were eclipsed by the positive reactions in
the majority of tweets and, as such, the social media coverage
was unbalanced.

Limitations

Our study had several limitations. The search terms we used to
collect tweets were limited and related tweets with other
variations on the search terms may have been excluded. The
corpus was analyzed by only a single coder with expertise in
stem cell tourism, whose perspective may have influenced
results, but we have taken steps to assess the reliability of the
coding. Our data analysis did not include Web links included
in tweets, so we are unable to evaluate the spectrum of
information sources reached through social media, or make
claimsregarding which types of news mediaare most frequently
shared and may have more social impact. We also did not collect
background information on Twitter users. Therefore, we cannot
evaluate other contextual factors, such as whether tweets about
Gordie Howe's SC treatment originated from a specific country.
Further research is needed to examine to what extent Twitter
has helped to increase the public’s scientific understandings of
SC research and treatment.

Conclusions

Much of the Twitter discussion about Howe's SC treatment was
prompted by news media reports. Our research highlights how
tweets expressed alargely positive attitude toward Howe's SC
treatment. There waslittle discussion about the lack of scientific
evidence on the efficacy of SC treatments. Less attention was
also paid to the potential risks and safety concerns associated
with unproven SC treatments. Given these findings, it seems
reasonable to conclude that discussions on Twitter regarding
celebrities SC treatments may contribute to the hype around
SC research and to the dissemination of inaccurate
representations of the benefits and risks associated with
unproven treatments. This may, in turn, mislead patients and
the public and prompt their engagement with clinicsthat market
unproven stem cell products and procedures [52].

JMIR Public Health Surveill 2016 | vol. 2 |iss. 1| e8| p. 4
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Duetd

Acknowledgments

Theauthorswould like to thank the Stem Cell Network, the Cancer Stem Cell Consortium and the PACEOMICS project (supported
by Genome Canada, Genome Alberta, the Canadian Institutes for Health Research, and Alberta Health & Wellness) for their
generous support of this research. The authors would aso like to thank Kalina Kamenova for help with preparing the coding
frame, Spencer McMullin for assistance with inter-coding the data. We appreciate Robyn Hyde-Lay for her various contributions
during the manuscript preparation and submission process and the University of Alberta’s Health Law Institute for administrative
support.

Authors Contributions

LD and TC designed the study. LD devel oped the methodol ogy, performed the analysis and drafted the manuscript. CR and TC
contributed extensively in editing and revising the manuscript. ZCG collected data and provided suggestionsfor the dataanalysis.

Conflictsof Interest
None declared.

References

1. deMeo-Martinl, Hellmers N, Henchcliffe C. First-in-human cell transplant trialsin Parkinson's disease: the need for an
improved informed consent process. Parkinsonism Relat Disord 2015 Aug;21(8):829-832. [doi:
10.1016/j.parkreldis.2015.05.011] [Medline: 26004682]

2. Pera SC, Burkhart HM, Nelson TJ. Utilization of stem cellsto treat congenital heart disease: hype and hope. Curr Opin
Pediatr 2014 Oct;26(5):553-560. [doi: 10.1097/M OP.0000000000000138] [Medline: 25117663]

3. ISSCR International Society for Stem Cell Research. URL : http://www.isscr.org/visitor-types/public/stem-cell-fag [accessed
2015-12-17] [WebCite Cache ID 6dphgL MNY]

4. LauD, Ogbogu U, Taylor B, Stafinski T, Menon D, Caulfield T. Stem cell clinics online: the direct-to-consumer portrayal
of stem cell medicine. Cell Stem Cell 2008 Dec 4;3(6):591-594 [FREE Full text] [doi: 10.1016/j.stem.2008.11.001] [Medline:
19041775]

5. Ogbogu U, Rachul C, Caulfield T. Reassessing direct-to-consumer portrayals of unproven stem cell therapies: isit getting
better? Regen Med 2013 May;8(3):361-369. [doi: 10.2217/rme.13.15] [Medline: 23627829]

6.  Zarzeczny A, Rachul C, Nisbet M, Caulfield T. Stem cell clinicsin the news. Nat Biotechnol 2010 Dec;28(12):1243-1246.
[doi: 10.1038/nbt1210-1243b] [Medline: 21139603]

7. Connolly R, O'Brien T, Flaherty G. Stem cell tourism--a web-based analysis of clinical services available to international
travellers. Travel Med Infect Dis 2014;12(6 Pt B):695-701. [doi: 10.1016/j.tmaid.2014.09.008] [Medline: 25449045]

8. MatthewsKR, Iltis AS. Unproven stem cell-based interventions and achieving a compromise policy among the multiple
stakeholders. BMC Med Ethics 2015;16(1): 75 [FREE Full text] [doi: 10.1186/s12910-015-0069-x] [Medline; 26537611]

9. KamenovaK, Reshef A, Caulfield T. Angelina Joli€'s faulty gene: newspaper coverage of a celebrity's preventive bilateral
mastectomy in Canada, the United States, and the United Kingdom. Genet Med 2014 Jul;16(7):522-528. [doi:
10.1038/gim.2013.199] [Medline: 24357851]

10. Master Z, Robertson K, Frederick D, Rachul C, Caulfield T. Stem cell tourism and public education: the missing elements.
Cell Stem Cell 2014 Sep 4;15(3):267-270 [FREE Full text] [doi: 10.1016/j.stem.2014.08.009] [Medline: 25192461]

11. Rachul C. What have | got to lose?: An analysis of stem cell therapy patients blogs. 2011. URL: http://www.isscr.org/
visitor-types/public/stem-cell-faq [accessed 2016-02-29] [WebCite Cache ID 6feK12J9A]

12.  Song P. Biotech pilgrims and the transnational quest for stem cell cures. Med Anthropol 2010 Oct;29(4):384-402. [doi:
10.1080/01459740.2010.501317] [Medline: 21082484]

13. Caulfield T, McGuire A. Athletes use of unproven stem cell therapies: adding to inappropriate media hype? Mol Ther 2012
Sep;20(9):1656-1658 [FREE Full text] [doi: 10.1038/mt.2012.172] [Medline: 22945228]

14. MatthewsKR, CuchiaraML. U.S. National Football League athletes seeking unproven stem cell treatments. Stem Cells
Dev 2014 Dec;23 Suppl 1:60-64 [FREE Full text] [doi: 10.1089/scd.2014.0358] [Medline: 25457965]

15. Hallford M. NBC Sports. 2014 Dec 19. Gordie Howe makes ‘amazing’ recovery following stem cell treatment in Mexico
URL: http://nhl.nbcsports.com/2014/12/19/gordie-howe-makes-amazing-recovery-following-stem-cell-trestment-in-mexico/
[accessed 2015-12-15] [WebCite Cache ID 6dpoQYedf]

16. Rachul C, Caulfield T. Gordie Howe's stem cell 'miracle’: a qualitative analysis of news coverage and readers comments
in newspapers and sports websites. Stem Cell Rev 2015 Oct;11(5):667-675. [doi: 10.1007/s12015-015-9606-8] [Medline:
26163831]

17. Research Canada. Media Science Forum: Public Opinion Research Results. 2007 Dec. URL: http://files.voog.com/0000/
0024/8635/filesyRC-M ediaScienceForum_PORPoll_Dec2007_Report.pdf [accessed 2015-12-15] [WebCite Cache ID

6dph7stiG]

http://publichealth.jmir.org/2016/1/e8/ JMIR Public Health Surveill 2016 | vol. 2 |iss. 1|e8|p. 5
(page number not for citation purposes)

RenderX


http://dx.doi.org/10.1016/j.parkreldis.2015.05.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26004682&dopt=Abstract
http://dx.doi.org/10.1097/MOP.0000000000000138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25117663&dopt=Abstract
http://www.isscr.org/visitor-types/public/stem-cell-faq
http://www.webcitation.org/

                                            6dphgLMNY
http://linkinghub.elsevier.com/retrieve/pii/S1934-5909(08)00573-0
http://dx.doi.org/10.1016/j.stem.2008.11.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19041775&dopt=Abstract
http://dx.doi.org/10.2217/rme.13.15
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23627829&dopt=Abstract
http://dx.doi.org/10.1038/nbt1210-1243b
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21139603&dopt=Abstract
http://dx.doi.org/10.1016/j.tmaid.2014.09.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25449045&dopt=Abstract
http://bmcmedethics.biomedcentral.com/articles/10.1186/s12910-015-0069-x
http://dx.doi.org/10.1186/s12910-015-0069-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26537611&dopt=Abstract
http://dx.doi.org/10.1038/gim.2013.199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24357851&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1934-5909(14)00347-6
http://dx.doi.org/10.1016/j.stem.2014.08.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25192461&dopt=Abstract
http://www.isscr.org/visitor-types/public/stem-cell-faq
http://www.isscr.org/visitor-types/public/stem-cell-faq
http://www.webcitation.org/

                                            6feK12J9A
http://dx.doi.org/10.1080/01459740.2010.501317
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21082484&dopt=Abstract
http://europepmc.org/abstract/MED/22945228
http://dx.doi.org/10.1038/mt.2012.172
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22945228&dopt=Abstract
http://europepmc.org/abstract/MED/25457965
http://dx.doi.org/10.1089/scd.2014.0358
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25457965&dopt=Abstract
http://nhl.nbcsports.com/2014/12/19/gordie-howe-makes-amazing-recovery-following-stem-cell-treatment-in-mexico/
http://www.webcitation.org/

                                            6dpoQYegf
http://dx.doi.org/10.1007/s12015-015-9606-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26163831&dopt=Abstract
http://files.voog.com/0000/0024/8635/files/RC-MediaScienceForum_PORPoll_Dec2007_Report.pdf
http://files.voog.com/0000/0024/8635/files/RC-MediaScienceForum_PORPoll_Dec2007_Report.pdf
http://www.webcitation.org/

                                            6dph7stlG
http://www.webcitation.org/

                                            6dph7stlG
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Duetd

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

Soroka SN. Public perceptions and media coverage of the Canadian healthcare system: A synthesis. 2011 Nov. URL: http:/
Iwww.cf hi-f cass.calsf-docs/defaul t-source/commi ssioned-research-reports/ Sorokal-EN. pdf 2sfvrsn=0 [accessed 2015-12-15]
[WebCite Cache ID 6fel tXXmd]

Eyck TAT. The media and the public opinion on genetics and biotechnology: mirrors, windows, or walls? Public Underst
Sci 2005 Jul:305-316. [doi: _10.1177/0963662505052888]

Taggart T, Grewe ME, Conserve DF, Gliwa C, Roman IM. Social media and HIV: a systematic review of uses of social
mediain HIVV communication. JMed Internet Res 2015;17(11):€248 [EREE Full text] [doi: 10.2196/jmir.4387] [Medline:
26525289

Pollard CM, Pulker CE, Meng X, Kerr DA, Scott JA. Who usesthe Internet as a source of nutrition and dietary information?
An Australian population perspective. J Med Internet Res 2015;17(8):e209 [FREE Full text] [doi: 10.2196/jmir.4548]
[Medline: 26310192]

MacKenzie R, Chapman S, Barratt A, Holding S. “The newsis[not] all good”: misrepresentations and inaccuraciesin
Australian news mediareports on prostate cancer screening. Med J Aust 2007 Nov 5;187(9):507-510. [Medline: 17979615]
Du L, Kamenova K, Caulfield T. The gene patent controversy on Twitter: a case study of Twitter users responses to the
CHEO lawsuit against Long QT gene patents. BMC Med Ethics 2015 Aug;16:55 [FREE Full text] [doi:
10.1186/s12910-015-0049-1] [Medline: 26302779]

Barabas J, Jerit J. Estimating the causal effects of media coverage on policy-specific knowledge. American Journal of
Political Science 2008 Dec;53(1):73-89. [doi: 10.1111/].1540-5907.2008.00358.x]

Perrin A. Social media usage: 2005-2015 65% of adults now use social networking site —anearly tenfold jump in the past
decade. Washington, DC: Pew Research Center 2015 Oct 08 [FREE Full text]

Radzikowski J, Stefanidis A, Jacobsen KH, Croitoru A, Crooks A, Delamater PL. The measles vaccination narrative in
Twitter: aquantitative analysis. IMIR Public Health Surveill 2016 Jan 04;2(1):el. [doi: 10.2196/publichealth.5059]
Signorini A, Segre AM, Polgreen PM. The use of Twitter to track levels of disease activity and public concern in the U.S.
during theinfluenza A H1N1 pandemic. PLoS One 2011;6(5):e19467 [FREE Full text] [doi: 10.1371/journal .pone.0019467]
[Medline: 21573238]

Xiong F, Liu Y. Opinion formation on social media: an empirical approach. Chaos 2014 Mar;24(1):013130. [doi:
10.1063/1.4866011] [Medline: 24697392]

Chew C, Eysenbach G. Pandemicsin the age of Twitter: content analysis of Tweets during the 2009 H1N1 outbreak. PL0S
One 2010;5(11):€14118 [FREE Full text] [doi: 10.1371/journal.pone.0014118] [Medline: 21124761]

Biancovilli B, de Oliveira Cardoso Machado G, Jurberg C. Celebrity and health promotion: how media can play an active
rolein cancer prevention and early detection. JMediaCommun Stud 2015 Mar 31;7(3):41-48. [doi: 10.5897/JM CS2014.0423]
Hoffman SJ, Tan C. Biological, psychological and social processesthat explain celebrities influence on patients health-related
behaviors. Arch Public Health 2015;73(1):3 [FREE Full text] [doi: 10.1186/2049-3258-73-3] [Medline: 25973193]
Robillard JM, Cabral E, Hennessey C, Kwon BK, Illes J. Fueling hope: stem cellsin socia media. Stem Cell Rev 2015
Aug;11(4):540-546. [doi: 10.1007/s12015-015-9591-y] [Medline: 25893594]

KamenovaK, Caulfield T. Stem cell hype: mediaportrayal of therapy trandation. Sci Trand Med 2015 Mar 11;7(278):278psA.
[doi: 10.1126/scitransmed.3010496] [Medline: 25761887]

Topsy. Topsy. 2015 Dec. 2015 URL : http://api.topsy.com/doc/overview/ [accessed 2015-12-15] [WebCite Cache ID

6dpj 7nhmd]

Ogbogu U, Du L, Rachul C, Bélanger L, Caulfield T. Chinese newspaper coverage of (unproven) stem cell therapies and
their providers. Stem Cell Rev 2013 Apr;9(2):111-118. [doi: 10.1007/s12015-012-9425-0] [Medline: 23292462]
KamenovaK, Reshef A, Caulfield T. Representations of stem cell clinicson Twitter. Stem Cell Rev 2014 Dec;10(6): 753-760.
[doi: 10.1007/s12015-014-9534-z] [Medline: 24970380]

Rachul CM, Percec |, Caulfield T. The fountain of stem cell-based youth? Online portrayals of anti-aging stem cell
technologies. Aesthet Surg J 2015 Aug;35(6):730-736. [doi: 10.1093/as)/5ju111] [Medline: 25922365]

Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics 1977 Mar;33(1):159. [doi:
10.2307/2529310]

Noah T. Toronto Star. 2014 Dec. Family credit Gordie Howe's recovery to stem cell trail URL: http://www.thestar.com/
sports/hockey/2014/12/19/family_credit_gordie howes recovery to stem_cell_trial.html [accessed 2015-12-15] [WebCite
Cache ID 6dpjH1xqu]

James HS. Detroit Free Press. 2014 Dec. Gordie Howe underwent stem cell clinical trail in Mexico URL: http://www.
freep.com/story/sports/nhl/red-wings/2014/12/19/detroit-red-wings-gordie-howe/20666829/ [accessed 2015-12-15] [WebCite
Cache ID 6bpjc2YfA]

Shilton KJ. USA Today. 2014 Dec 19. Gordie Howe's health improving after stem cell injections URL: http://www.
usatoday.com/story/sports/nhl/wings/2014/12/19/gordie-howe-stem-cell-injections-heal th-improving-nhl /2066 7327/
[accessed 2015-12-15] [WebCite Cache ID 6dpkl Gwip]

Trister N. Huffington Post. 2014 Dec 19. Gordie Howe's stem cell treatment brings ‘ miraculous' results URL : http://www.
huffingtonpost.ca/2014/12/19/gordie-howe-stem-cell-recovery n_6358012.html [accessed 2015-12-15] [WebCite Cache

ID 6dpkKuYEQ]

http://publichealth.jmir.org/2016/1/e8/ JMIR Public Health Surveill 2016 | vol. 2 |iss. 1| e8| p. 6

(page number not for citation purposes)


http://www.cfhi-fcass.ca/sf-docs/default-source/commissioned-research-reports/Soroka1-EN.pdf?sfvrsn=0
http://www.cfhi-fcass.ca/sf-docs/default-source/commissioned-research-reports/Soroka1-EN.pdf?sfvrsn=0
http://www.webcitation.org/

                                            6feLtXXmd
http://dx.doi.org/ 10.1177/0963662505052888
http://www.jmir.org/2015/11/e248/
http://dx.doi.org/10.2196/jmir.4387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26525289&dopt=Abstract
http://www.jmir.org/2015/8/e209/
http://dx.doi.org/10.2196/jmir.4548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26310192&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17979615&dopt=Abstract
http://www.biomedcentral.com/1472-6939/16/55
http://dx.doi.org/10.1186/s12910-015-0049-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26302779&dopt=Abstract
http://dx.doi.org/10.1111/j.1540-5907.2008.00358.x
http://www.pewinternet.org/files/2015/10/PI_2015-10-08_Social-Networking-Usage-2005-2015_FINAL.pdf
http://dx.doi.org/10.2196/publichealth.5059
http://dx.plos.org/10.1371/journal.pone.0019467
http://dx.doi.org/10.1371/journal.pone.0019467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21573238&dopt=Abstract
http://dx.doi.org/10.1063/1.4866011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24697392&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0014118
http://dx.doi.org/10.1371/journal.pone.0014118
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21124761&dopt=Abstract
http://dx.doi.org/10.5897/JMCS2014.0423
http://archpublichealth.biomedcentral.com/articles/10.1186/2049-3258-73-3
http://dx.doi.org/10.1186/2049-3258-73-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25973193&dopt=Abstract
http://dx.doi.org/10.1007/s12015-015-9591-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25893594&dopt=Abstract
http://dx.doi.org/10.1126/scitranslmed.3010496
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25761887&dopt=Abstract
http://api.topsy.com/doc/overview/
http://www.webcitation.org/

                                            6dpj7nnmd
http://www.webcitation.org/

                                            6dpj7nnmd
http://dx.doi.org/10.1007/s12015-012-9425-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23292462&dopt=Abstract
http://dx.doi.org/10.1007/s12015-014-9534-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24970380&dopt=Abstract
http://dx.doi.org/10.1093/asj/sju111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25922365&dopt=Abstract
http://dx.doi.org/10.2307/2529310
http://www.thestar.com/sports/hockey/2014/12/19/family_credit_gordie_howes_recovery_to_stem_cell_trial.html
http://www.thestar.com/sports/hockey/2014/12/19/family_credit_gordie_howes_recovery_to_stem_cell_trial.html
http://www.webcitation.org/

                                            6dpjH1xqu
http://www.webcitation.org/

                                            6dpjH1xqu
http://www.freep.com/story/sports/nhl/red-wings/2014/12/19/detroit-red-wings-gordie-howe/20666829/
http://www.freep.com/story/sports/nhl/red-wings/2014/12/19/detroit-red-wings-gordie-howe/20666829/
http://www.webcitation.org/

                                            6bpjc2YfA
http://www.webcitation.org/

                                            6bpjc2YfA
http://www.usatoday.com/story/sports/nhl/wings/2014/12/19/gordie-howe-stem-cell-injections-health-improving-nhl/20667327/
http://www.usatoday.com/story/sports/nhl/wings/2014/12/19/gordie-howe-stem-cell-injections-health-improving-nhl/20667327/
http://www.webcitation.org/

                                            6dpkIGwip
http://www.huffingtonpost.ca/2014/12/19/gordie-howe-stem-cell-recovery_n_6358012.html
http://www.huffingtonpost.ca/2014/12/19/gordie-howe-stem-cell-recovery_n_6358012.html
http://www.webcitation.org/

                                            6dpkKuYE0
http://www.webcitation.org/

                                            6dpkKuYE0
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Duetd

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

Li MD, AtkinsH, Bubela T. The global landscape of stem cell clinical trials. Regen Med 2014 Jan;9(1):27-39. [doi:
10.2217/rme.13.80] [Medline: 24236476]

Nikolov D, OliveiraDFM, Flammini A, Menczer F. Measuring online socia bubbles. PeerJ Comp Sci 2015 Dec:e38. [doi:
10.7717/peerj-cs.38]

Hoffman SJ, Tan C. Following celebrities medical advice: meta-narrative analysis. BMJ 2013 Dec 17;347(dec17
14):f7151-f7151. [doi: 10.1136/bmj.f7151]

Metcalfe D, Price C, Powell J. Media coverage and public reaction to a celebrity cancer diagnosis. J Public Health (Oxf)
2011 Mar;33(1):80-85 [FREE Full text] [doi: 10.1093/pubmed/fdq052] [Medline: 20679285]

JolieA. NY Times. 2013 May 14. My medical choice URL: http://www.nytimes.com/2013/05/14/opinion/my-medical-choice.
html?_r=0 [accessed 2015-12-15] [WebCite Cache |D 6dpk7U1x4]

Pitt AJ. NY Times. 2015 Mar 24. AngelinaJolie Pitt: diary of asurgery URL : http://www.nytimes.com/2015/03/24/opinion/
angelina-jolie-pitt-diary-of-a-surgery.html [accessed 2015-12-15] [WebCite Cache ID 6dpkM DjMf]

Evans DG, Barwell J, EcclesDM, Collins A, Izatt L, Jacobs C, et a. The Angelina Jolie effect: how high celebrity profile
can have amajor impact on provision of cancer related services. Breast Cancer Res 2014;16(5):442 [FREE Full text] [doi:
10.1186/s13058-014-0442-6] [Medline: 25510853]

Ubelacker S. National Post. 2015 Jan 29. Gordie Howe's stem cell therapy raises concerns among regenerative medicine
experts URL : http://news.national post.com/heal th/

gordie-howes-stem-cell-therapy-rai ses-concerns-among-regenerative-medi cine-experts [accessed 2015-10-20] [WebCite
Cache ID 6dpINMm25]

Ubelacker S. The Globe and Mail. 2015 Jan 29. Gordie Howe's ‘miracle’ in Mexico stirs experts’ doubts about stem-cell
therapy URL: http://www.theglobeandmail.convlife/health-and-fitness/heal th/

gordie-howes-miracle-in-mexi co-stirs-experts-doubts-about-stem-cel | -therapy/arti cl 22695984/ [accessed 2015-12-15]
[WebCite Cache ID 6dpkXOclx]

Neuman D. St Albert Gazette. 2015 Feb 28. Stem cell treatment gives local family new lease on life URL: http://www.
stal bertgazette.com/arti cle/20150228/ SAG9604/302289988/-1/sag [ accessed 2015-12-15] [WebCite Cache | D 6dpkPdvCi]

Abbreviations

SC: stem cell

Edited by G Eysenbach; submitted 22.10.15; peer-reviewed by J Rasko, M Ozan-Rafferty, J Robillard; comments to author 26.11.15;
revised version received 20.12.15; accepted 04.01.16; published 09.03.16

Please cite as:

DuL, Rachul C, Guo Z, Caulfield T

Gordie Howe's “ Miraculous Treatment” : Case Sudy of Twitter Users’ Reactions to a Sport Celebrity’s Sem Cell Treatment
JMIR Public Health Surveill 2016;2(1):e8

URL: http://publichealth.jmir.org/2016/1/e8/

doi: 10.2196/publichealth.5264

PMID: 27227162

©Li Du, Christen Rachul, Zhaochen Guo, Timothy Caulfield. Originally published in IMIR Public Health and Surveillance
(http://publichealth.jmir.org), 09.03.2016. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in IMIR Public Health and Surveillance, is properly cited. The complete
bibliographic information, a link to the original publication on http://publichealth.jmir.org, as well as this copyright and license
information must be included.

http://publichealth.jmir.org/2016/1/e8/ JMIR Public Health Surveill 2016 | vol. 2 |iss. 1| e8| p. 7

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.2217/rme.13.80
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24236476&dopt=Abstract
http://dx.doi.org/10.7717/peerj-cs.38
http://dx.doi.org/10.1136/bmj.f7151
http://jpubhealth.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=20679285
http://dx.doi.org/10.1093/pubmed/fdq052
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20679285&dopt=Abstract
http://www.nytimes.com/2013/05/14/opinion/my-medical-choice.html?_r=0
http://www.nytimes.com/2013/05/14/opinion/my-medical-choice.html?_r=0
http://www.webcitation.org/

                                            6dpk7U1x4
http://www.nytimes.com/2015/03/24/opinion/angelina-jolie-pitt-diary-of-a-surgery.html
http://www.nytimes.com/2015/03/24/opinion/angelina-jolie-pitt-diary-of-a-surgery.html
http://www.webcitation.org/

                                            6dpkMDjMf
http://breast-cancer-research.com/content/16/5/442
http://dx.doi.org/10.1186/s13058-014-0442-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25510853&dopt=Abstract
http://news.nationalpost.com/health/gordie-howes-stem-cell-therapy-raises-concerns-among-regenerative-medicine-experts
http://news.nationalpost.com/health/gordie-howes-stem-cell-therapy-raises-concerns-among-regenerative-medicine-experts
http://www.webcitation.org/

                                            6dplNMm25
http://www.webcitation.org/

                                            6dplNMm25
http://www.theglobeandmail.com/life/health-and-fitness/health/gordie-howes-miracle-in-mexico-stirs-experts-doubts-about-stem-cell-therapy/article22695984/
http://www.theglobeandmail.com/life/health-and-fitness/health/gordie-howes-miracle-in-mexico-stirs-experts-doubts-about-stem-cell-therapy/article22695984/
http://www.webcitation.org/

                                            6dpkXOclx
http://www.stalbertgazette.com/article/20150228/SAG9604/302289988/-1/sag
http://www.stalbertgazette.com/article/20150228/SAG9604/302289988/-1/sag
http://www.webcitation.org/

                                            6dpkPdvCj
http://publichealth.jmir.org/2016/1/e8/
http://dx.doi.org/10.2196/publichealth.5264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27227162&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

