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Abstract

Background: Socid influences are a primary factor in the adoption of health behaviors. Social media platforms, such as
Facebook, disseminate information, raise awareness, and provide mativation and support for positive health behaviors. Facebook
has evolved rapidly and is now a part of many individuals daily routine. The high degree of individual engagement and low
attrition rate of this platform necessitate consideration for a potentially positive impact on health behavior.

Objective: Theaim of thispaper isto investigate the use of Facebook by adults. Knowledgeislimited to the unique characteristics
of Facebook users, including time spent on Facebook by adults of various age groups. Characteristics of Facebook users are
important to understand to direct efforts to engage adults in future health behavior interventions.

Methods: Institutional Review Board approval was obtained for this secondary analysis of existing de-identified survey data
collected for the Pew Research Center. The sample included adults age 18-65 years and above. Binomial logistic regression was
performed for the model of age group and Facebook use, controlling for other demographics. A multinomial logistic regression
model was used for the variable of time spent on Facebook. Based on the regression models, we computed and reported the
marginal effects on Facebook use and time spent of adults age groups, including age groups 18-29, 30-49, 50-64, and 65 and
over. We discuss these findings in the context of the implications for promoting positive health behaviors.

Results: The demographics of the final sample (N=730) included adults age 18-65 years and above (mean 48.2 yrs, SD 18.3
yrs). Themajority of the participantswere female (372/730, 50.9%), white (591/730, 80.9%) and non-Hispanic (671/730, 91.9%).

Bivariate analysis indicated that Facebook users and nonusers differed significantly by age group (x°=76.71, P<.001) and sex

(x?=9.04, P=.003). Among subjects aged 50 and above, the predicted probability was 66% for spending the same amount of time,
10% with increased time, and 24% with decreased time.

Conclusions: The key findings of this study were Facebook use among midlife and older adults was more likely to stay the
same over time, compared to the other age groups. Interestingly, the young adult age group 18-29 years was more likely to
decrease their time on Facebook over time. Specifically, younger females were most likely to decrease time spent on Facebook.
In general, male participants were most likely to spend the same amount of time on Facebook. These findings have implications
for future health intervention research, and ultimately, for translation to the clinic setting to improve health outcomes.

(Interact J Med Res 2018;7(1):e11) doi:10.2196/ijmr.9554
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Introduction

Background

Social mediahas evolved rapidly and has been used as ameans
of communication, socia interaction, and social support with
minimal consideration for wider use in health care. It is
recognized that social influences are an important factor in the
adoption of health behaviors[1,2]. Despite the growing interest
in practical research and the development and implementation
of health behavior interventions in real-world settings, social
mediais often overlooked as an effective method to deliver the
active components of a health behavior intervention. To
accomplish this requires knowledge of the characteristics of
social mediause among the population of interest for integration
in a health behavior intervention.

Significance

The use of the social media is deeply embedded in everyday
life for an increasing number of adults [3]. The widely
recognized, accessed, and the culturally integrated Facebook
platform has an extensive reach, with over one billion daily
adult users and continues to grow [4].

The Facebook platform has been used effectively to recruit
participants for health behavior research [5], to provide online
health information and education [6,7] as well as the more
familiar social networking functions. This platform has been
used as an adjunct to multimodal interventions or in conjunction
with investigator-initiated in-person visits and other methods
of communication, such as maobile phones, text messages, and
apps [8-11]. Facebook used as a means for patients to
communicate with other patients is a trend referred to as
peer-to-peer health care [12]. These functions of Facebook are
widely recognized; however, peer support is only a small part
of the potential of this platform to improve health outcomes.

Facebook offersthe capability to create groupsviathe platform
referred to as “Facebook Groups.” This group platform offers
a convenient, reliable, private, members-only site that can be
adapted to motivate and support heath behavior change
interventions and conduct research. This platform also allows
integration into clinic processes, with health care professionals
serving as moderators and contributors of the content to ensure
its veracity. Efficacious health behavior interventionstransdated
into real-life settings for effectivenesstesting require the ability
to appeal to and influence a broad and diverse population of
participants. This necessitates an understanding of the
characteristics of Facebook use of potential participants from
the population of interest.

A distinct advantage of using the Facebook platformto facilitate
a health behavior intervention is the high level of individual
engagement. This is an important factor in promoting positive
health behavior change. Engagement in an intervention iscritical
for participants to receive an adequate dose of the intervention
[13], and thus, improve health outcomes. Attrition is very low
on this platform, although some individual users occasionally
take breaksfrom social mediause [4]. Minimizing attrition may
support long-term maintenance of health behaviors. The high
levels of engagement and retention on Facebook over time may

http://www.i-jmr.org/2018/1/e11/
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trandate to the Facebook Groups platform making this an
appealing method for delivering the active components of a
health behavior intervention. Interventions facilitated by social
media platforms hold promise to reduce the challenges for the
growing population of midlife adults to prevent or delay the
progression of chronic health conditions [14].

Few studies reported health behavior interventions facilitated
by social media platforms to provide the active components of
an intervention. A review found positive outcomes with 87.5%
(7/8) of the studies involving physical activity interventions
delivered using Facebook [15]. Other research found that
Facebook user engagement and social support predicted a
reduction in smoking [16]. Features of the Facebook Groups
platform to promote cardiac rehabilitation included participant
only access with a health care provider involved as group
moderator to provide evidence-based information and assure
“trustworthiness’ of the group [17]. Greater Facebook capability
may increase willingnessto participate in the Facebook Groups
platform. Trends show that adults across the age continuum are
capable users of thistechnology [18]. Further, participants may
be morelikely to engage on the Facebook Groups platform upon
the recommendation of their health care provider. Earlier studies
reported that some older adults had concerns about the
usefulness of combining health resources with social media
[19]. Social media use has advanced sinceits inception and is
now being used by younger adults as well as older adults to
influence health. Therefore, we investigated the characteristics
of adult Facebook users to inform our future research on the
Facebook Groups platform.

Study Objective

The objective of this study was to investigate the use of the
socia media platform, Facebook by adults (aged 18-65 years
and above). Knowledge is limited to the characteristics of
Facebook use by adults acrossthe age continuum, necessitating
this investigation. Characteristics of Facebook users are
important to understand to guide the development of a future
clinical trial using the social media platform, Facebook Groups
to deliver the active components of a headth behavior
intervention.

Methods

Design

The Institutional Review Board at the University where this
study was conducted approved this study as exempt from full
board review due to the use of de-identified data. The design
was a secondary analysis of survey data. The sample included
adults across the age continuum (18-65 years and above).
Participants were included in our analysis based on the
following: (a) they responded “yes’ to theinitial question: “Do
you use the internet?’ (b) they were able to provide informed
verbal consent by phone, and (c) they were able to speak and
understand English or Spanish, asthe survey was not conducted
in any other languages.

Data Collection
The Pew Research Center surveyed a representative sample of
adults across all regions of the continental United States about
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their use of the social media platform, Facebook [20]. This
national self-report survey was conducted between November
14, 2012 and December 9, 2012, on landlines and cell phones,
and in English and Spanish by Princeton Survey Research
Associates | nternational . Multiple attempts were made to reach
each phone number at a variety of times throughout the day.
The survey consisted of 20 items rated on a Likert-type scale
or atrue and false format. We selected the sociodemographic
and Facebook usethe variables: user or nonuser, and time spent
using Facebook stayed about the same, increased or decreased
for thisanalysis.

Data Analysis

We described demographics by adults' use of Facebook and
time spent on Facebook, using chi-squared tests for categorical
variables. Fisher's exact test was used for two variables due to
small cell counts as noted. Multivariate binomial logistic
regression was performed for the model of Facebook use (users
and nonusers) on age group, controlling for other demographics,
including sex, income, employment, race and ethnicity, and
education. A multivariate, multinomial logistic regression model
was used for our secondary outcome variable, regressing time
spent on Facebook (stayed about the same, increased, and
decreased) on age groups and other demographic variables. We
also questioned whether the effects of age group on Facebook
use and time spent would differ by sex. Therefore, after
performing multivariate regression, we calculated marginal
effects to show the interactions between age group and sex in
the models. The marginal effects were interpreted as the
predicted probability of using Facebook or time spent on
Facebook for participants of a specific age group and sex,
holding al other demographics constant to the means. We
discuss these findings in the context of the implications for
health behavior change. All data were analyzed using the
STATA Version 14.0 (StataCorp, LP, College Station, TX,
USA).

Results

The demographics of the sample (N=730) are shown in Table
1 and included adults age 18-65 years and above with a mean
of 50.3 (SD 19.7) years. The mgjority of the participants
interviewed were white (591/730, 80.9%) and non-Hispanic or
another ethnicity 91.9% (671/730). Therewere 50.9% (372/730)
females and 49.0% (358/730) males responding to the survey.
Some college or college graduation was reported by 69.0%
(504/730) of the respondents. Half (365/730) of the sample
reported full-time employment, with just over half (380/730,
52.0%) reporting an income between US $30,000 and US
$100,000. The majority (462/730, 63.2%) surveyed were
Facebook users, and 52.0% (380/730) reported their time spent
on Facebook stayed the same over the past year.

http://www.i-jmr.org/2018/1/e11/
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The bivariate analysis (Table 2) indicated that Facebook users
and nonusers differed significantly by age group (N=730,

X%3=76.7, P<.001), and sex (N=730, x*;=9.0, P=.003). There
were no significant differencesin Facebook users and nonusers

based on income, employment status, race and ethnicity, or
education level.

The bivariate analysis (see Table 3) indicated that time spent
on Facebook (ie, stayed about the same, increased, and

decreased) differed significantly by age group (n=461, x%=31.8,
P<.001). No differences were found in time spent on Facebook
based on income, employment status, race, or education.

Notably, ethnicity was significant (n=461, x°,=5.3, P=.045)
using Fisher's exact test.

Based on our bivariate results, we examined whether the effects
of age group differed by sex. Table 4 shows significant
variations in the marginal effects of age group by sex on
Facebook use. Younger and female subjects were more likely
to use Facebook than older and male subjects. The probability
of using Facebook was 87% among participants aged 18-29
years and differed by sex. The probability of using Facebook
among participants aged 18-29 was 91% for female, whereas
it was 83% for male. The probability of using Facebook among
participants aged 65 and over was 45% for female, whereas it
was 27% for male. Figure 1 shows the marginal effects of age
group by sex on Facebook decreasing across age groups.

Table 5 shows marginal effects of age group and sex acrossthe
three subgroups of Facebook time (stayed the same, increased,
and decreased). Due to small cell countsin age group 65+ and
Asian group (Table 3) we regrouped the age variable into three
groups (18-29, 30-49, and 50+) and the race variable into three
groups (white, black or African American, and others) for
analysis of time spent using Facebook.

Overall, subjectsin the group that increased amount of timeon
Facebook showed the lowest probabilities than thosein the other
groups. Among subjects aged 50 and above, the predicted
probability was 66% for spending the same amount of time,
10% with increased time, and 24% with decreased time. Older
subjects were more likely to spend the same amount of time
and less likely to decrease time on Facebook. Younger
participants were more likely to decrease time on Facebook.

Among older males, the predicted probabilities for time spent
using Facebook were 70% stayed the same, 8% increased, and
22% decreased time on Facebook. The predicted probabilities
for Facebook use among women in this age group were similar
with 64% stayed the same, 11% increased, and 26% decreased
time spent on Facebook. Figures 2-4 show the marginal effects
of age group by sex on Facebook use for the variables: stayed
about the same (Figure 2), increased (Figure 3), and decreased
(Figure 4).
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Table 1. Descriptive summary of demographic characteristics and outcome variables.

Variables Value (N=730), n (%)

Age group (years)

18-29 152 (20.8)

30-49 232(31.8)

50-64 191 (26.2)

65+ 155 (21.2)
Sex

Male 358 (49.0)

Female 372 (51.0)
Income (US$)

<$30,000 219 (30.0)

$30,000-$100,000 380 (52.1)

>$100,000 131 (17.9)
Employment

Full-time 362 (49.6)

Part-time 104 (14.2)

Not employed 264 (36.2)
Race

Caucasian 589 (80.7)

African-American 77 (10.5)

Asian or Pacific |slander 19 (2.6)

Other 45 (6.2)
Ethnicity

Hispanic 61 (8.4)

Not Hispanic or other 669 (91.6)
Education

<High school 223 (30.5)

>College 507 (69.5)
Facebook users

Users 462 (63.3)

Nonusers 268 (36.7)

Time spent on Facebook?

Stayed the same 382 (52.3)
Increased 96 (13.2)
Decreased 252 (34.5)

®h=461. This subgroup was from Facebook users only and those responding to the item of time spent on Facebook.
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Table 2. Bivariate statistics by Facebook users and nonusers.

Variable Full sample Facebook users Facebook nonusers Chi-square (df) P value
(N=730),n (%)  (N=462), n (%) (n=268), n (%)

Agegroup (years) 76.7 (3) <.001
18-29 152 (20.8) 129 (27.9) 23(8.6)
30-49 232 (31.8) 163 (35.3) 69 (25.7)
50-64 191 (26.2) 109 (23.6) 82 (30.6)
65+ 155 (21.2) 61 (13.2) 94 (35.1)

Sex 9.0(1) .003
Male 358 (49.0) 207 (44.8) 151 (56.3)
Female 372 (51.0) 255 (55.2) 117 (43.7)

Income (US $) 0.6 (2 748
< $30,000 219 (30.0) 140 (30.3) 79 (29.5)
$30,000-$100,000 380 (52.1) 236 (51.1) 144 (53.7)
>$100,000 131 (17.9) 86 (18.7) 45 (16.9)

Employment 5.6 (2 .062
Full-time 362 (49.6) 237 (51.3) 125 (46.6)
Part-time 104 (14.2) 73(15.7) 32 (12.0)
Not employed 264 (36.2) 153 (33.1) 111 (41.4)

Race 6.9 (3) .076
White 589 (80.7) 361 (78.1) 228 (85.0)
Black or African-American 77 (10.5) 57 (12.3) 20(7.5)
Asian or Pacific Islander 19(2.6) 15(3.3) 4(15)
Other 45(6.2) 30(6.4) 16 (6.0)

Ethnicity 32(1) .076
Hispanic 61 (8.4) 45(9.7) 16 (6.0)
Not Hispanic (other) 669 (91.6) 417 (90.3) 252 (94.0)

Education 1.0(1) .307
<High school 223 (30.5) 135(29.2) 88 (32.8)
>College 507 (69.5) 327 (70.8) 180 (67.2)
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Table 3. Bivariate statistics by time spent on Facebook (n=461).
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Variable Stayed about the same Increased Decreased Chi-square (df) P value
(n=241), n (%) (n=61),n (%)  (n=159), n (%)

Agegroup (years) 31.8(6) <.0012
18-29 55 (22.8) 12 (19.7) 61 (38.4)
30-49 75(31.1) 29 (47.5) 59 (37.1)
50-64 65 (27.0) 17 (27.9) 27 (17.0)
65+ 46 (19.1) 3(4.9) 12 (7.5)

Sex 15(2) 466
Male 112 (46.5) 23(37.8) 72 (45.3)
Female 129 (53.5) 38(62.3) 87 (54.7)

Income 7.4 (4) 118
<$30,000 67 (27.8) 16 (26.2) 56 (35.2)
$30,000-$100,000 134 (55.6) 28 (45.9) 74 (46.5)
>$100,000 40 (16.7) 17 (27.9) 29 (18.3)

Employment 5.3(4) .255
Full-time 123 (51.0) 26 (42.6) 88 (55.4)
Part-time 32(13.3) 13(21.3) 26 (16.4)
Not employed 86 (35.8) 22(36.1) 45(28.3)

Race 6.4 (6) 3632
White 196 (81.3) 46 (75.4) 118 (74.2)
Black or African-American 24 (10.0) 7(11.9) 26 (16.4)
Asian or Pacific Islander 6(2.5) 4(6.7) 5(3.1)
Other 15 (6.2) 4(6.7) 10 (6.4)

Ethnicity 5.3(2) .0452
Hispanic 27 (11.2) 1(1.6) 17 (10.7)
Not Hispanic (Other) 214 (88.9) 60 (98.4) 142 (89.3)

Education 32(2 .204
<High school 75(31.1) 12(19.7) 48(30.2)
>College 166 (68.9) 49 (80.3) 111 (69.8)

3P values from Fisher's exact test due to small cell counts.
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Table4. Margina effects of age group and sex on the probability of using Facebook.
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Variable Facebook user® respondent probability (95% ClI) P value
Agegroup (years)
18-29 0.87(0.82-0.92) <.001
30-49 0.71 (0.65-0.77) <.001
50-64 0.58 (0.51-0.65) <.001
65+ 0.36 (0.27-0.44) <.001
Sex
Mae 0.56 (0.51-0.62) <.001
Female 0.73 (0.69-0.78) <.001
Age group by sex (years)
Male
18-29 0.83(0.76-0.89) <.001
30-49 0.62 (0.54-0.70) <.001
50-64 0.48 (0.40-0.57) <.001
65+ 0.27 (0.19-0.36) <.001
Female
18-29 0.91 (0.87-0.95) <.001
30-49 0.78 (0.72-0.84) <.001
50-64 0.67 (0.59-0.74) <.001
65+ 0.45 (0.35-0.54) <.001

@Varginal effects from binary logistic regression, adjusted for income, employment status, ethnicity, race, and education.

Figurel. Marginal effects of age group and sex on Facebook use.

Predictive Margins of Age Group and Sex with 95% Cls

6 .8 1
1 1 1

Probability (Facebook Use "Yes")
4
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Table 5. Margina effects of age group and sex on the probability of time on Facebook.

Bosak & Park

Variable Stayed about the same?, P ValUe  |ncreased? respondent P VAU€  Decreased? respondent P value
respondent probability probability (95% ClI) probability (95% CI)
(95% Cl)
Agegroup (years)
18-29 0.43 (0.33-0.52) <.001 0.08 (0.03-0.14) .001 0.49 (0.40-0.58) <.001
30-49 0.49 (0.41-0.57) <.001 0.15 (0.09-0.21) <.001 0.36 (0.28-0.44) <.001
50+ 0.66 (0.59-0.74) <.001 0.10 (0.05-0.14) <.001 0.24(0.17-0.31) <.001
Sex
Male 0.58 (0.50-0.65) <.001 0.10 (0.05-0.14) <.001 0.32 (0.26-0.39) <.001
Female 0.51 (0.44-0.58) <.001 0.12 (0.08-0.17) <.001 0.37(0.30-0.43) <.001
Age group by sex (years)
Male
18-29 0.46 (0.36-0.56) <.001 0.08 (0.03-0.13) .003 0.46 (0.36-0.56) <.001
30-49 0.53(0.43-0.63) <.001 0.13 (0.06-0.20) <.001 0.34 (0.25-0.43) <.001
Age 50+ 0.70 (0.61-0.79) <.001 0.08 (0.03-0.13) .001 0.22 (0.14-0.30) <.001
Female
18-29 0.40 (0.29-0.51) <.001 0.09 (0.03-0.15) .003 0.51 (0.40-0.62) <.001
30-49 0.46 (0.37-0.55) <.001 0.16 (0.09-0.24) <.001 0.38 (0.29-0.47) <.001
50+ 0.64 (0.55-0.72) <.001 0.11 (0.05-0.16) .001 0.26 (0.18-0.33) <.001

3Marginal effectsfrom multinomial |ogistic regression, adjusted for income, employment status, ethnicity, race, and education; 95% confidenceintervals
in parentheses.

Figure2. Marginal effects of age group and sex by Facebook time " Stayed the Same".
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Figure 3. Marginal effects of age group and sex by Facebook time "Increased”.
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Figure 4. Marginal effects of age group and sex by Facebook time "Decreased".
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Discussion

Principal Findings

Thekey findings of this study were Facebook use among midlife
adults was more likely to stay the same over time, compared to
the other age groups. Interestingly, in the young adult age group,
18-29 yearswas morelikely to decrease their time on Facebook
over time. Based on the available data, we are not ableto explain
this finding but it may be due to the use of other competing
social media platforms (eg, Twitter, Instagram, Snapchat, etc)
and lifestyle factors unique to younger adults. Younger females
weremost likely to decrease time spent on Facebook. In general,
male participants were most likely to spend the same amount
of time on Facebook. The probability of increasing time on
Facebook was low for both males and females.

http://www.i-jmr.org/2018/1/e11/

RenderX

Earlier reports indicated that midlife and older adults were
unlikely to use socia mediato seek or discusshedthinformation
as it was perceived as an intrusion of privacy [21]. This age
group was reportedly reluctant to learn about using the latest
technology [3]. Our study findings contradict these perceptions
and show that older adults had the highest probability of
maintaining Facebook use over time. Our results demonstrated
that older adults’ use of Facebook stayed about the same over
time, compared to decreased time in the younger age adult
groups.

Therductance of adults of any ageto participatein social media
may be related to a lack of awareness or familiarity with the
technology. Facebook is the most widely used social media
platform, and the user base has grown more representative of
the broader population [18]. While young adults were among
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the earliest social media adopters and had high rates of social
media use, use among midlife and older adults has increased
considerably in recent years [18]. An update of the Pew
Research Center survey data reported in early 2018 indicated
that ownership of mobile phones used to access social media
platforms has continued to grow to nearly three-quarters of
adultsin the United States[22]. In this update, adults age 18 to
49 years were found to be close to saturation adoption. Thisis
nearly double the percentage measured in the Pew survey in
2012. Notably, the fastest growing demographic regarding
Facebook use was with the midlife and older adult population.

The Facebook Groups platform with high level s of engagement,
low levels of attrition over time, and wide reach holds promise
to motivate and support health behavior change for the growing
population of midlife adults. Providing technical assistance for
midlife and older adults with mobile device use and navigating
the Facebook Groups platform must be considered to improve
use for this age group when developing health behavior
interventions.

Considerations for generalizing these findings to other
populations include the representative sample of adults within
the continental United States and the global reach of the
Facebook platform. Thewide geographical sampling distribution
strengthens the Pew Research Center data for generalization to
US adults, but may not be representative of the global
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population. We also acknowledge that secondary analyses of
existing data are limited to the variables in the dataset, and this
can be considered a limitation. We acknowledge that the
variables used in this analysis may not be sufficient to account
for other unmeasured factors related to our outcome variables.
However, the sociodemographi ¢ variables examined, Facebook
use and nonuse variables, and Facebook use over time support
our study objective.

Conclusion

Overdll, the findings of this study point to considerations for
researchers to use the Facebook Groups platform to facilitate
health behavior interventions. In addition to socid
communication and interaction, this platform is capable of
providing health information, motivation and support for
positive health behavior change. This platform can beintegrated
with clinic processes, involving health care professionals as
moderators and contributorsto ensure the veracity of the content.
Providing a health behavior intervention on a social media
platform is a unique approach to improve health outcomes,
specifically, with the large and growing midlife adult population
with escalating risk for chronic conditions. Our data indicate
more consistent Facebook use among midlife adults than
younger adults. Prospective research is needed to determine if
the levels of engagement and retention of Facebook use for
general social networking purposestrand atesto health behavior
interventions facilitated by the Facebook Groups platform.
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Abstract

Background: NekNomination, also known as NekNominate, Neck and Nominate, or Neck Nomination, isasocial network—based
drinking game which isthought to have originated in Australiaand spread all over the world between 2013 and 2014. Individuals
record videos of themselves while rapidly drinking excessive quantities of alcoholic drinks (necking) and then nominate friends
to outdo them within 24 hours; the videos are then posted on social media such as Facebook or YouTube. The consequences of
this drinking game have been very dangerous; at least 5 people under age 30 years have died after drinking deadly cocktails, and
many others have suffered from acohol intoxication.

Objective: The goal of the research is to evaluate data about clinically important acute alcohol intoxication among teenagers
and young adults and inform and educate the general public, especially parents, teachers, and health workers, about the spreading
craze of dangerous I nternet-rel ated behavior among today’s teenagers and young people up to the age of 23 years.

Methods: Patients aged 15 to 23 years with acute alcohol intoxication who came to the emergency department (ED) of 2 major
hospitalsin Italy from January 1, 2011, to June 30, 2014, were included in this study. Data were retrieved from prehospital and
intrahospital medical records and included personal information, methods of intoxication, triage color code, date and time of
access to the ED, any relevant signs and symptoms, blood alcohol concentration, and diagnosis at discharge.

Results: A total of 450 young patients (male 277/450, 61.5%, female 173/450, 38.5%; age 15 to 16 years 15/450, 3.3%, age 17
to 18 years 184/450, 40.9%, age 19 to 23 years 251/450, 55.8%) were recruited. The causes of intoxication were happy hour,
binge drinking, NekNominate, eyeballing, other acoholic games, or amix of them. Happy hour was found to be more common
among the older patients, whereas NekNominate accounted for almost half of the youngest group of hospitalizations. Eyeballing
occurred in 1.6% (7/450) of cases; binge drinking and other alcoholic games caused 23.3% (105/450) and 23.8% (107/450) of
hospitalizations, respectively. On admission, 44.2% (199/450) of patients were assigned a red or yellow color code requiring
immediate medical attention; about 14% of them required additional medical assistance (after being in the ED) or hospitalization,
some in semi-intensive care units.

Conclusions: Our study shows that the increased numbers of hospitalizations due to alcohal intoxication in the adolescent age
group, as a consequence of NekNominate or other drinking games, is alarming and represents a serious public health issue. The
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potential markers of improper use of socia networks must be clearly identified, including categories at risk of alcohol abuse, in
order to develop intervention and prevention strategiesin terms of education and awareness, which may help in averting potentially

fatal episodes.

(Interact I Med Res 2018;7(1):€2) doi:10.2196/ijmr.6573

KEYWORDS

alcohal drinking; drinking behavior; underage drinking; binge drinking; al coholic intoxication; adolescent; neknomination; binge

drinking; alcoholic games; socia network

Introduction

Background

Drinking games are thought to have originated thousands of
years ago, when the ancient Romans played “ |a Passatella,” a
game in which the loser had to pay for the other players’ beer.
These episodes very often ended up in brawls[1].

The common concept now isthat drinking gamesare: (1) social
drinking events, (2) played according to a set of rules specifying
when and how much players should drink, (3) designed to
promote the rapid consumption of large amounts of acohol to
facilitate drunkenness, and (4) involvethedrinkersin performing
cognitive and/or motor tasks [2].

Polizzotto et a [3] classified drinking games into 2 categories:
competitive versus noncompetitive and skill-based versus
chance-based. The authors noted that competitive gameswhich
do not require skill (like NekNominate) typicaly involve
drinking the most or fastest in a short period of time and are
therefore the most dangerous. These kinds of drinking games
often involve external cues that dictate participants’ alcohol
consumption (eg, media games such as drinking each time a
character on television says a certain word or phrase).

Drinking gamesinevitably promote heavy acohol consumption
[2] and, compared with other high-risk drinking behaviorslike
prepartying (ie, drinking before going out to a socia event or
gathering [4]), drinking games are a unique high-risk activity
because their rules are expressly designed to encourage
drunkenness, leading to binge drinking (ie, 5 or more
consecutive drinks within a 2-hour time-span on at least 1 day
over the past 30 days[5]).

Since 1995, binge drinking has been increasing among teenagers
aged 15 to 16 years in Europe [6] and accounts for more than
90% of alcohol consumed by 12- to 17-year-olds [7]. About
16.5% of males and 14% of females aged 12 to 20 years are
binge drinkers, and many adolescents start to binge drink at
very young ages[8]. Underage alcohol usein general contributes
to the top 3 causes of mortality in this age group—injury,
homicide, and suicide [9]—and isassociated with other high-risk
behaviors including suicide attempts, illicit drug use, sexual
activity, increased number of sex partners, riding with adriver
who has been drinking, and dating violence victimization [10].
In addition, very early drinking (under the age of 14 years)
confers additional health risks, including a potential 4-fold
increase in the likelihood of developing acohol dependence
[11].

http://www.i-jmr.org/2018/1/e2/

Alternative drinking games practiced by young people have
recently appeared. NekNominate is one of them, as well as
“kings” “flip cup,” “beer roulette,” “beer pool,” “tequila
roulette” “speed pennies,” “fuzzy duck,” and many others.
“Butt chugging,” also known as “enema alcohol,” is the
introduction of alcohol directly into the rectum and colon
through the anus [12]; the recent increase in complications
related to this drinking game is assumed to be due to alcohol
abuse and the growing popularity of various erotic practices
[13].

“Eyeballing” is performed by pouring acoholic substances
directly into the eyes; substances with high alcohol content are
generally preferred, although cases of misuse of other substances
(&g, cinnamon schnapps, 15% to 50% alcohol by volume [ABV])
have also been reported [14]. Drinking hand sanitizer consists
of getting drunk by deliberately ingesting the amount of alcohol
contained in hand disinfectants as a surrogate for drinkable
alcohol [15].

Some of these practices are known; others have not been
documented in medical journals or have only been discussed
as case reports giving basic information [16]. The popularity
of these behaviorsisincreasing [17] and poses a considerable
challenge for emergency department (ED) physicians and
workers [18].

Peer pressure is a well-known, influential fuel for excessive
alcohol consumption, and Web-based social networks now offer
a platform to expand the extent and impact of peer-to-peer
coercion [19]. Mu et a [20] also demonstrated a significant
dose-response relationship between Internet use and binge
drinking, especially among adolescents.

NekNominateisanovel gamethat involvesindividuals posting
videosof rapid acohol consumption (“necking”) on socia media
sites and nominating an acquaintance to exceed their behavior
within 24 hours. The named individual will then drink alarger
quantity or a more extreme mixture with associated illegal,
risky, embarrassing, or sdlf-injurious behaviors. Other
substances are often added to the alcohol and have included
eggs, goldfish, insects, rodents, battery fluid, motor oil, de-icer,
and human urine; associated behaviors have included driving,
biking, skateboarding, and swimming whiledrinking [21]. What
draws particular attention to this phenomenon is the fact that,
although traditional extreme-consumption drinking games may
also be fatal, they often occur in group settings with specific
rules and more socia control of excessive actions, something
which is lacking in NekNominate. This current trend is
particularly dangerous, given overt peer pressure with the
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potential for cyberbullying and online shaming if the nominee
does not complete the dare.

Mediareports have identified 5 NekNominate-rel ated fatalities
in the United Kingdom and Republic of Ireland, all occurring
in February 2014 among young men aged 19 to 29 years; 4 from
presumed acute alcohol poisoning and 1 from drowning after
drinking [21]. However, it is difficult to assess the incidence of
or resulting morbidity from this game; there are hundreds of
NekNominate videos posted to various social media sites with
unknown medical sequelae.

Objectives

The objective of our researchisto evaluate dataabout clinically
relevant (ie, requiring hospitalization) acute alcohol intoxication
episodes among teenagers and young adults, while focusing on
the methods of reaching drunkenness (competitions, games,
occasional acute consumption during parties, binge drinking,
or recreational acohol ingestion) by analyzing ED admissions.
In addition, we want to inform and educate the general public,
especially parents, teachers, and health workers, about therapid
spread of dangerous Internet-related behaviors among today’s
teenagers.

Methods

This research is a retrospective longitudinal observational
single-center study conducted at two major hospitals in Italy.
Young patients who accessed the EDs of these hospitals from
January 1, 2011, to June 30, 2014, were included in this study.
Inclusion criteria are aged 15 to 23 years, diagnosis of acute
intoxication by blood test, and positive history of alcohol
intoxication due to happy hour, binge drinking, Neknominate,
eyeballing, other alcoholic games, or a mix of them, with or
without drunkenness-rel ated injuries. Patientswho are younger
than 15 years or older than 23 years, have no diagnosis of acute
alcohol intoxication, or have a negative history for
above-mentioned alcohol-related activities are excluded from
the study.

Patients included in this study were asked (directly or through
their relatives or friends at the ED) for personal information
and methods of intoxication. Also recorded for the sample of
selected patients were triage color-code (red=emergency
requiring immediate attention—zero waiting minutes;
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yellow=urgent—10 minutes; green=less urgent—30 minutes,
and white=nonurgent—60 minutes), the date and time of access
to the ED, any relevant signs and symptoms, blood alcohol
concentration (BAC, determined with an enzymatic
dehydrogenase method and rel ated to the state of consciousness),
and discharge diagnosis. Patients were classified by gender
(M/F) and age group (15 to 16 years, 17 to 18 years, and 19 to
23 years).

Results

Considering the inclusion and exclusion criteria, 450 young
patients who accessed the ED for acute alcohol intoxication due
to specific drinking behaviors were recruited. The reasons for
their intoxication were happy hour, binge drinking,
NekNominate, eyeballing, other alcoholic games, or a mix of
these. Among these patients, 15 (3.3%) were aged 15 to 16
years, 184 (40.9%) were 17 to 18 years, and 251 (55.8%) were
19 to 23 years, in total, there were 277 boys (61.5%) and 173
(38.5%) girls. The different distribution of alcoholic
consumption classified by drinking behavior and age group in
the general population islisted in Table 1.

Generally, young adults accessed the ED during the weekend
at night, and alcohol-related hospitalizations therefore had an
important effect on ED personnel, particularly on weekends.
Conversely, Neknomination casesin our sample of adolescents
accessed the ED during afternoons between Monday and Friday
and during evening hours from Wednesday to Sunday. Half
(226/450, 50.2%) of the patientswere admitted between 12 AM
and 8 AM.

None of the 15- to 16-year-old patients had al cohol intoxication
while attending a happy hour event, but 30.4% (56/184) and
24.7% (62/251) of the 17- to 18- and 19- to 23-year-old groups,
respectively, got drunk during happy hour. NekNominate-related
hospitalizations totaled 5.8% (26/450) in the entire sample and
represented amost half of the youngest group of
hospitalizations. Eyeballing accounted for 1.6% (7/450) cases,
binge drinking and other alcoholic games caused 23.3%
(105/450) and 23.8% (107/450) of hospitalizations, respectively.
A total of 53.2% (98/184) of the patients aged 19 to 23 years
had been driving under the influence of acohol during the late
hours of the weekend.

Table 1. Distribution of alcohol consumption classified by drinking behavior and age group in the general population.

Behavior Number by age group and sex Total, n (%)
15-16 (n=15) 17-18 (n=184) 19-23 (n=251) (N=450)
M (n=10)  F(n=5) M (n=110)  F(n=74) M (n=157)  F(n=94)
Happy hour 0 0 32 24 41 21 118 (26.2)
Binge drinking 3 3 25 26 31 17 105 (23.3)
Neknomination 6 1 6 4 8 1 26 (5.8)
Other alcoholic games 1 1 23 6 40 36 107 (23.8)
Eyeballing 0 0 3 0 4 0 7 (1.6)
Mixed behaviors 0 0 21 14 33 19 87 (19.3)
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BAC in the population varied between 1.5 and 2.4 g/L; 56%
(252/450) of patients stated that they had consumed an excessive
amount of alcohol in a short period of time. The most common
signs and symptoms included heart palpitations (231/350,
66.0%), headache (119/215, 55.3%), diarrhea (45/102, 44.1%),
nausea and vomiting (286/432, 66.2%), anxiety (2/7, 28.6%),
problematic behavior (5/7, 71.4%), hallucinations (54/215,
25.1%), convulsions (5/225, 2.2%), coma (68/450, 15.1%),
unconscious state (194/450, 43.1%), slow respiration (81/450,
18.0%), and rectal edemaand severe acute colitis (1/10, 10.0%).

On hospital admission, 44.2% (199/450) of the patients were
assigned a red or yellow color code, requiring immediate
medical attention; 4.4% (20/450) were transferred to the
short-term medical observation ward because they required
continuous clinical evaluation, diagnostic testing, and
appropriate treatment protocols; 3.3% (15/450) were admitted
to asemi-intensive care unit; 80.4% (362/450) were discharged
within 72 hours; 6.0% (27/450) were hospitalized; 2.0% (9/450)
were spontaneously discharged; and 4.3% (18/450) refused
hospitalization.

Discussion

Principal Findings

To our knowledge, thisis the first study analyzing the clinical
consequences of drinking games, with particular attention to
NekNominate as a social media—based phenomenon. Some of
these practices are aready known; others have not been
documented in medical journals or have only been discussed
as case reports giving basic information. Drinking behaviors
including the acoholic games Neknomination and eyeballing
are till not well recognized as public health problems, but
increasing numbers of adolescents are admitted to EDsfor acute
alcoholic intoxication.

Our sample contained 450 young patients aged 15 to 23 years
who accessed the ED after ingesting excessive amounts of
alcohol in an unconventional and dangerous way. Most of them
were between 19 and 23 years old and male. Of al patients,
happy hour (a specia offer, in which drinks are cheaper at a
certain time of day) was the most common way of reaching
severe drunkenness (26% of all ED accesses), followed by
various acoholic games, binge drinking, mixed behaviors,
NekNomination and eyeballing. Happy hour only affected
patients aged 17 to 23 years, indicating that this practiceis not
frequent among younger people. Conversely, NekNomination
was the most common cause of acohol intoxication among the
youngest patients (aged 15 to 16 years), representing 47% of
all hospitalizations in this age group. This figure adds to the
dangerousness of thispracticein view of thefact that the earlier
alcohol abuse begins, the worse the consequences (eg,
problematic alcohol usein later life and increased susceptibility
to high-risk styles of drinking [22]). In addition, as a social
media—based drinking game, this highlights the importance of
peer pressure, which is particularly influential in younger
adolescents who are less able to resist this type of coercion.

Alcoholic gamesin general have caused increasing numbers of
hospitalizations directly proportional to patients' ages. 13% in
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the 15- to 16-year-old group, 16% in those aged 17 to 18 years,
and 30% in those aged 19 to 23 years, and this matches the most
recent reviews about the correlation of agewith drinking games
[22]. Most of the older patients were hospitalized at night over
weekends; conversely, younger adolescents who practiced
NekNomination accessed the ED during working days in the
afternoon, indicating different drinking patterns in the various

age groups.

The abuse of alcoholic drinksis a significant source of risk for
adolescents and is one of the primary causes of many accidental
injuries, such as falls, accidents at home, and road accidents
(38% of the patients aged 19 to 23 years were driving under the
influence of alcohol, thus also representing adanger for others).
A large proportion (44%) of patients admitted to the ED were
assigned ared or yellow color code, meaning that they required
immediate or amost immediate treatment; about 14% of them
required additional medical assistance (after being in the ED)
or hospitalization, sometimes in a semi-intensive care unit,
representing a significant burden in terms of personnel
requirements and costs for diagnosis and treatments. The most
common presenting signs and symptoms were those typical of
alcohol intoxication: heart pal pitations (66%), headache (55%),
diarrhea (44%), nausea and vomiting (66%), and problematic
behavior (63%).

NekNominate seems to be an on-off phenomenon related to
2013-2014; nevertheless, Wombacher et al [23] wrote about it
and its relation to social norms in June 2016. Although
NekNomination is no longer shown in the media and is now
not a search trend in Google or Twitter, this does not mean the
practice has disappeared: modern video exchange methods, (eg,
Snapchat or WhatsApp) are now more private than in the past
and allow users to exchange videos between individuals or
groups of selected friends. Thus, in addition to the above
considerations, we decided to focus on NekNominate because
of its peculiar aspects: (1) it was probably the first drinking
game which spread enormously through social mediawebsites,
allowing all participants to confront anyone anywhere in the
world and thus setting a milestone in dangerous Web-based
challenges, (2) it belongs to the category of competitive games
that do not require skill and are proven to bethe most hazardous
[3], (3) it has recently caused drastic consequences such as
deaths and hospitalizations (as reported here), (4) the role of
peer pressure is extremely significant, as people refusing to
accept the challenge are potentially victims of cyberbullying
and therefore tend to exaggerate their behaviorsin order not to
be excluded by their peers, and (5) literature investigating this
high-risk practiceis still not frequently available.

We present the various patterns of alcohol intoxication among
adolescents with the image of an iceberg to highlight the
magnitude of unknown behaviors compared with what isknown
in the scientific literature (Figure 1). There are many news
reports on binge drinking and happy hour—related alcohol
intoxication and a cohol (vodka) enemaor eyeballing, especialy
concerning young males aged 24 to 27 years. Nevertheless, the
scientific literature appears to be lacking in regard to these
games, which are spreading at a dangerousrate and are rapidly
affecting adolescents all over the world.
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Figure 1. Theiceberg of current knowledge of excessive drinking behaviors.

Most of the iceberg is below the waterline and represents
people's unawareness regarding young people’s acute alcohol
consumption. Binge drinking, Neknomination, and alcoholic
games are also often associated with abnormal behaviors such
as not wearing ahelmet while riding amotorbike, not fastening
a seatbelt while driving a car (both illegal in Italy/Europe),
having promiscuous sex, and consuming illicit drugs.

The widespread use of social media is having a severe effect
on our society: its easy accessibility makes it one of the most
commonly used tools among teenagers and young adults, and
the changes induced in current behaviors are still under
evaluation [24]. Social mediacertainly played an important role
in the spread of NekNominate; posting videos on the Web in
order to collect likes and visualizations seems to be a way of
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getting into a group or being socially accepted by peers, and
inviting friendsto do the same has made the game spread rapidly
among young people.

Limitations

This study is limited by the small sample size, which is not
representative of the entire Italian teenager popul ation. However,
itisstill useful for preliminary data about drinking games.

Conclusions

Drinking games are till relatively undisclosed and “at the
bottom of the iceberg” of heath workers attention and
knowledge. They encourage young people to consume large
quantities of acohol within ashort period of time, putting them
at risk of alcohol intoxication that can potentialy causeinjuries,
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later regretted sexual activities, suicides, and traffic accidents
and desths.

Social mediaisan important tool for connections among young
people and may be associated with behaviora and social
mal adjustment among adol escents. It also represents a powerful
source of peer pressure. Adolescents who consume acohol in
new and dangerous ways such as NekNomination reach EDs
with high BAC, are classified as red or yellow codes at triage,
present severe impairment of vital functions, and often require

Barbieri et al

In order to develop a prevention strategy which could help to
avert potentially fatal episodes, it is necessary to highlight the
potential markers of problematic social network use and to
inform and educate health personnel, social workers, and school
teachers about these new phenomena, which are spreading very
rapidly among adolescents. Further studies to better describe
and analyze the problem, particularly initsclinical aspects, are
in progress.

further intensive medical assistance.
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Abstract

Background: Anonymous verbal attacks against overweight individuals on social media are common and widespread. These
comments often use negative, misogynist, or derogatory words, which stigmatize the targeted individuals with obesity. These
verbal attacks may cause depression in overweight individuals, which could subsequently promote unhealthy eating behavior (ie,
binge eating) and further weight gain. To develop an intervention policy and strategies that tackle the anonymous, Web-based
verbal attacks, athorough understanding of the comments is necessary.

Objective: This study aimed to examine how anonymous users verbally attack or defend overweight individuals in terms of 3
themes: (1) topic of verbal attack (ie, what aspects of overweight individuals are verbally attacked), (2) gender of commenters
and targeted overweight individuals, and (3) intensity of derogation depending on the targeted gender (ie, the number of swear
words used within comments).

Methods: This study analyzed the content of YouTube comments that discuss overweight individuals or groups from 2 viral
videos, titled “Fat Girl Tinder Date” and “Fat Guy Tinder Date” The twin videos provide an avenue through which to analyze
discussions of obesity asthey organically occurred in acontemporary setting. We randomly sampled and analyzed 320 comments
based on a coding instrument developed for this study.

Results: First, there were twice as many comments verbally attacking overweight individuals (n=174) than comments defending
them (n=89). Second, overweight women are attacked for their capacities (eg, laziness, maturity; 14/51, 28%), whereas overweight
men are attacked for their heterosocial skills (eg, rudeness, annoyance; 24/29, 83%). Third, the majority of commenters who
attacked overweight women are male (42/52, 81%). Fourth, attacking comments generated toward overweight women included
more swear words (mean 0.44, SD 0.77) than those targeting men (mean 0.23, SD 0.48).

Conclusions. Our dataelucidate aworrying situation of frequent disinhibited aggressive messages against overweight individuals
online. Importantly, the patterns of verbal aggression differ depending on the gender of the targeted overweight individuals. Thus,
gender-tailored intervention strategies that specifically tackle Internet users' verbal aggression against overweight individuals
need to be developed.

(Interact I Med Res 2018;7(1):€6) doi:10.2196/ijmr.9182
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stigma; cyberbullying; gender; sex differences; verbal behavior
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Introduction

Background

Weight stigma—negative attitudes and beliefs toward
individuals with obesity—is pervasive across societies [1].
Weight stigma often manifests stereotypes, rejection, and
prejudice toward individuals with obesity. One of the most
common forms of expressing weight stigma is through verbal
attack or verbal bullying defined as statements that attack the
self-concept of the receiver, intending to deliver psychological
pain (eg, teasing, ridiculing, derogating, devaluing, humiliating).
Research shows that verbal attacks on overweight individuals
are common on social media. A recent study, which analyzed
1.37 million posts collected from various social mediachannels
including YouTube, found that 92 percent of the posts related
obesity with negative, misogynist or derogatory words [2].
Additionally, researchers suggest that weight-based aggressive
comments are highly likely to induce depression or anxiety in
overweight individuals [3]. Depression could subsequently
result in binge eating and weight gain, which may increase
exposure to further weight-stigma and, at worst, even lead to
suicide [4]. Due to these adverse effects of weight stigma,
various authors called for more intervention efforts, including
development of health messages, to reduce weight stigma and
relieve mental burden for individuals with obesity [5,6].
Effectiveness of health messagesto reduce weight stigmalargely
depends on precise knowledge of the audience—those being
stigmatized (ie, obese individuals) and those who stigmatize
(ie, individuals who verbally attack individuals with obesity)
[7,8]. Particularly, men and women may experience weight
stigmadifferently [9]. Taking thisinto account, gender-tailored
messages need to be devel oped since they enhance persuasion
by increasing perceived relevance [10]. To develop health
messages tailored to female and male audiences, it isimportant
to understand how overweight women and men are stigmatized
differently on social media, and how female and male
commenters stigmatize overweight individuals differently.

This study asks: Which negetive trait is most dominantly
associated with overweight males or females? As evolutionary
psychologica scholars suggest, verbal aggression against men
generaly addresses men's physical or mental strength (eg,
laziness, physical weakness) while those against women tends
to be about their appearance [11]. This study attempted to
establish this topical difference in verbal attack asit appliesto
overweight individuals. Second, in terms of those who
stigmatize, we attempted to find out what the major concerns
of male and female YouTube users are when commenting on
overweight individuals. Two similar videos (female and male
Tinder videos), which were sequentially published to YouTube,
provided an opportunity to minimize confounds due to the
gender of the obese model in the video (ie, the female model
may attract more comments targeting female overweight
individualsor vice versa). Furthermore, these comments provide
an opportunity to conduct a natural experiment to gain insight
into how the commenters—which would not be made in a
laboratory setting dueto the social desirability issue—attack or
defend individuals with obesity.
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It isimportant to devel op effective, gender-tailored intervention
strategies that are fully informed by theoretical understanding
and empirical findings on the verbal aggression targeting
overweight individuals on the Internet. Thus, for this purpose,
the study’s coding-instrument, based on linguistic and
evolutionary psychological theories, was devel oped to analyze
comments posted in response to the YouTube videos. In the
following section, the theoretical framework for the analysis of
the aggressive comments is discussed. On the basis of this
review, the specific research questions are proposed.

Gender Differencesin Weight Stigma

Some cultures val ue obese human bodies as expressing beauty,
marriageability, control of selfish desires, generosity, fertility,
and closeness to God [1]. Yet across many contemporary
cultures, obesity is strongly linked with various negative traits
[1], which include laziness, unattractiveness, lack of will power,
poor self-control, slowness, inactiveness, physical weakness,
overeating, ineptitude, sexlessness, and unhealthiness [12,13].
Obeseindividuals have reported frequently experiencing verbal
attacks that target these negative traits in their everyday lives
[14] from strangers (eg, an overweight woman wascalled a“ big
fat pig” and physically assaulted by a stranger on acommuting
train) [15] or from a spouse (eg, a hushand called his wife
“disgustingly fat”) [16]. More evidence has been recently
accumulated to suggest that the association between negative
traits and obesity is becoming a global issue [1].

However, most research on weight stigma has not explicitly
addressed possible gender variationsin associations of negative
traits with obesity. By understanding how male and female
overweight individuals are attacked, one may inductively infer
how peopl€e’s attitude toward overweight males differs from
that toward overweight females. For instance, in the context of
gender differences, the following questions can be asked: Are
overweight females attacked for laziness more frequently than
obese males? Are obese males attacked for physical weakness
more commonly than females? With alack of current empirical
research exploring these questions, this study draws upon
evolutionary psychological views to provide theoretical
grounding.

Evolutionary perspectives offer the basis for explaining (at a
fundamental level) and predicting sex differences in verbal
aggression. Scholars in evolutionary psychology claim that to
maximize reproductive success (ie, the number of their
offspring), males, on the one hand, evolved to infer a mate's
reproductive success from physical appearance, more so than
females[11,17-20]. Healthy skin, hair, and low hip-waist ratio
are some of the visual cues for reproductive power [17] . On
the other hand, females evolved to infer a mate's capacities for
resource acquisition or the ability to provide protection or food
[17]. Accordingly, females primarily sought mateswith resource
acquisition-signaling features most of which were not physically
visible: including possession of territory, shelter,
industriousness, or high social status [21]. These evolutionary
psychological views have been supported by various studies
examining contemporary people's feature preferencesin mates
[22-24]. For instance, in asurvey that sampled more than 1000
undergraduates, women responded that they value males
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education and financial prospect (ie, capacities for resource
acquisition) more than “good looks’ (ie, reproductive power),
whereas men said that they value females physica
attractiveness more than financial prospect [22].

Such gender difference in preferred features of mates may
predict which personal characteristicswill betargeted by aspects
of verbal aggression. Buss and Dedden (1990) conducted an
experimental study where they investigated what a man or
woman would derogate about a perceived competitor for amate.
They found that when women verbally attacked other competing
women, their reproductive power tended to be addressed in the
verbal aggression (eg, “she is physically unattractive®) [11].
When men verbally attacked other competing men, their
capacities for resource acquisition were likely to be addressed
(eg, “the man lacked ambition” or “the other man is poor”).
Informed by the evolutionary psychological perspective, the
reproductive power and capacities for resource acquisition
dichotomy is employed in this study. Utilizing this dichotomy,
we examined verbally aggressive commentsin rel ation to gender
difference within the Tinder date videos. Videos and comments
on YouTube addressing overweight individuals may show how
they are stigmatized on social media [25,26]. While findings
from previous studies are useful for understanding what
generates stigmatic content on YouTube, various important
questions regarding gender differencein weight stigmaremain
unanswered. Thus, the following research questions (RQ) were
developed for this purpose:

RQ1a: To what extent are overwei ght women targeted
regarding reproductive power more than men in
aggressive comments within YouTube comments?

RQ1b: To what extent are overweight men targeted
regarding capacities for resource acquisition more
than women in aggressive comments within YouTube
comments?

Other research suggeststhat peoplejudgetheir romantic partners
based on heterosocia skills [22], which generally refer to a
person’s ability to carry a good conversation or express a good
personality. Specifically, studies suggest that males are likely
to succeed in finding afemale mateif heisheterosocialy skilled
[27,28]. However, to our knowledge, little is known about how
obese individuals' heterosocial skills are perceived. Like other
negativetraits attributed to overweight individual s, heterosocial
skills could be underestimated in order to maintain negative
valence. To explore this possibility within weight-based verbal
attacks in YouTube comments, the following research question
iS proposed:

RQ2: What gender differencesexist in how overweight
individuals' heterosocial skills are attacked within
YouTube comments?

Finally, among the 3 explored topics of verbal attack (ie,
resource acquisition, reproductive power, and heterosocial
skills), we explore gender-based differences in topical
prominence;

RQ3: What gender differences exist between the
prominence of attacks on reproductive power,
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capacities for resource acquisition, and heterosocial
skill?

Gender Differencein Susceptibility to Weight Stigma

Many researchers have suggested that obese women are more
susceptible to weight stigma than men [9,29]. In a study
conducted by Chen and Brown (2005), 449 college students
were asked to order 6 pictures of potential sexual partners
according to their personal preference [30]. The pictures
included an obese person, a nonobese person, and individuals
with variousdisabilities. A rating comparison between subjects
showed that men rated an obese partner less preferentially than
women did. In addition, men are more likely to choose sexual
partners based on a potential partner’'s weight. Overall, their
findings showed that women may be more vulnerableto weight
stigma exposure than men. In contrast to these findings;
however, Hussin et a (2011) found that across the 50 most
viewed YouTube videos which devalued overweight individuals,
overweight men aretwice aslikely to betargetsthan overweight
women [25].

Men are primarily considered the perpetrators of weight stigma
in a masculine society, as for women “becoming an attractive
object is arole obligation” [31]. Thus, men are less likely to
feel guilty when they fulfill masculinity by victimizing women
whom they perceive as deviant [32]. However, in the context
of romantic relationships, Buss and Dedden (1990) argued that
women evolved to engage in verbal aggression against their
own sex since members of a sex must compete for access to a
mate with desired qualities (eg, reproductive power or physical
strength) [11]. A question may be raised as to whether thisis
the case for overweight individuals of the same sex or not.
Unlike slender women, overweight women may be perceived
asless physicaly attractive (and less of acompetitor), and thus
would not require verbal aggression asfrequently. Alternatively,
it is possible that women will defend overweight women due
to contemporary cultural or social factors. Therefore, we sought
to answer the following research questions regarding the
presence of attack and defense between genders:

RQ4: Which gender morefrequently verbally attacks or defends
overweight individuals? (a) men or (b) women?

Intensity of Derogation—Toxic Disinhibition Effects
and Swearing

Many scholars claim that the Internet is an arenawhere people
feel disinhibited to state what they would not ordinarily say
face-to-face [33-36]. Suler (2004) argues that this is an
affordance of anonymity online—more so than face-to-face
communication— allowing Internet usersto feel lessrestrained
by the consequences of saying what is ordinarily socially
undesirable, which includes swearing or expressing hatred
against overweight people. This phenomenon is termed as
“Toxic Disinhibition Effects’ [36]. According to the perspective
of Toxic Disinhibition Effects, people would feel lessinhibited
in expressing verbal aggression against individual s with obesity,
potentially resulting in a plethora of derogatory or aggressive
comments targeting obese people [2].

A body of evidence has supported the disinhibition effect
[2,37,38]. For example, in a content analysis of 9376 Myspace
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pages by Thelwall (2008), it was found that the pages of nearly
al young and half of middle-aged Myspace users contained
swear words. Furthermore, Chou et a (2014) analyzed 2.2
million posts across Twitter and Facebook, and they found that
keywords including “obesity,” “overweight,” and “fat” are
associated with derogatory termsincluding “a**” or “b**** "
Also, qualitative analysis of these posts revealed that the most
prevalent themeisweight stigma (eg, “you'rean ugly fat b****.
Kill yourself”) [2]. Within YouTube, these verbal aggressions
were found to be common as well [38,39]. On the basis of this
literature, the following research questions are formul ated:

RQ5a: To what comparative extent do overweight
individualsreceive more verbal attacksthan defense?

RQ5h: To what extent are verbal attacks accompanied
by swear words?

RQ5c: To what comparative extent do male and
female overweight individuals receive verbal attacks
which include swear words?

Methods

Study Design

This study entailed a content analysis of YouTube comments
that discuss overweight individuals or groups from 2 videos,
titled “ Fat Girl Tinder Date” and “ Fat Guy Tinder Date” These
2 videos were released approximately 3 weeks before the
beginning of this study, providing an avenue through which to
analyze discussions of obesity as they organically occurred in
a digital setting. Utilizing this window of opportunity, the
authors sought to evaluate how attacks toward the stigmatized
may occur in this context.

Background Information and Rationalesfor Choosing
the Two Videos

On September 24, 2014, a video titled “Fat Girl Tinder Date”
(hereafter the female Tinder video) [40] was published by a
YouTube content creator. In this video, a dender woman set up
anumber of dates through Tinder, a matchmaking mobile app,
using aprofile picture which accurately depicted her appearance;
however, before appearing for each date she disguised herself
asan obese woman by wearing body adhesives. Hidden cameras
videotaped how men reacted to the “obese” woman. Later, a
similar video was released titled “Fat Guy Tinder Date”
(hereafter the male Tinder video) [41], with a slender man
attending Tinder-arranged dates wearing comparable body
adhesives. After their release, these videos went vira,
accumulating over 12 million views and approximately 4000
user-submitted comments within 3 weeks. One of the most
popular comments (indicated by the number of “thumbs up”
received) states “| f****** hate fat b****” and another one
says “If you're fat just move your f****** gx* and go to a
gym”. Themgjority of obesity-related YouTube videosexplicitly
use weight-based teasing (eg, verbally mocking individualswith
obesity or blaming them for their weight statuses) [26]. These
videos, therefore, may promote negative comments on
individuals with obesity [25].

The 2 videos chosen for this study exemplify the obesity-related
YouTube videos that contain such a negative theme, though less
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explicitly [26]. Also, in general, the narrative structure of the 2
videos are similar; yet everything is not equal (eg, contents of
conversations). Despite the potential confounds coming from
difference between the contents of the 2 videos, these videos
best serve our research purpose: the examination of gender
difference in comments on obese individuals. Thisisin that the
gender of the person with obesity may result in more comments
about the traits that are stereotypically linked with obese
individuals of the same gender (eg, a male obese model in the
video promotes discussion of traits typically linked with an
obese man than woman). Asin our data, the Male Tinder video
attracts significantly more male comments than the Female
Tinder video and vice versa (Table 1) . Thus, to minimize the
confounds coming from the gender of the model in the video,
we chose the 2 “twin” videos to sample comments from.

More importantly, the comments that may explicitly verbally
attack obese individuals may not be obtained in a survey or a
laboratory experiment due to social desirability [42]. Instead,
the 2 Tinder videos provided a setting for “anatural experiment”
[43]. A natural experiment has been increasingly employed for
research in social media contexts [16,44]. The producer
purposefully made these 2 videos highly similar to see how
different genders would react to the obese blind-date partners.
Then they posted these 2 videos on YouTube, which
inadvertently provided a setting for a natural experiment.

Data Collection and Sampling

Approximately 3 weeks after the 2 videos were released, all
available comments were captured and saved in 2 word
processing files (1 for each video). The captured material
included the commenter’'s profile photo, the commenter’'s
username, the comment text, and the timestamp for the
comment’s creation. Upon completion of data collection, the
authors processed arandom sample of 320 comments from the
data. The random sample was procedurally selected through the
utilization of arandom number generator, which selected pages
of the word processing file to analyze for relevant comments.
All comments were then subjected to our inclusion criteria
(explained in the next section), and rejected comments were
replaced by continuing the selection process until a sample of
320 comments was obtained. Once the sample was collected,
the authors conjointly reviewed the comments to achieve
agreement that each entry passed our inclusion criteria, which
left us with 316 verified comments to analyze. A total of 145
commentswere selected from the“ Fat Guy Tinder Date” video,
while 171 comments were selected from the “Fat Girl Tinder
Date” video.

Inclusion Criteria

Each comment was subjected to a filter designed to allow
analysis of only the relevant comments. Thefirst criterion was
that each comment needed to contain some reference to an
individual or group being overweight or make acomment about
overweight people generally. The second criterion wasthat each
selected comment needed to make some statement about weight,
including an opinion, criticism, or evaluation about being
overweight or the experiences of being overweight. In addition,
we intended to exclude those comments directed at the actor or
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actress, not overweight individualsin general. No comment in
our dataset was found and excluded for this reason.

Variables of Interest

Each of the following variables was developed for the purpose
of this study, and intercoder reliability for each variable is
reported based on Krippendorff alpha, a statistical measure of
theinterreliability among the codersfor our variables[45]. The
overal Krippendorff alphais.85.

Gender of Commenter (Alpha=.70)

This study used the commenters' names and profile pictures to
infer gender. Although it could be posed that identification of
true commenter gender cannot be accurately conducted within
digital contexts due to potentially unidentifiable gender
swapping, some research has shown that females and males
tend to represent themselves accurately in their profile photo
or name rather than engaging in gender swapping [46-48]. There
may be other options (eg, directly contacting the commenters
by leaving a message in their channel or “vlog” on YouTube).
However, werealized that contacting more than 300 commenters
was extremely difficult and time-consuming. Even if we
contacted the commenters, perhaps due to potential social
desirability issue, YouTube commenterswould probably hesitate
to provide their true identity (eg, gender). Thus, inference of
gender from their uses of profile name and photos was the
second best approach.

Commenter gender was coded when identifiable in the profile
photo, username, or comment text. In many cases, gender was
determinablein at |east one of these locations, and no instances
occurred where gender determination conflicted between
locations (ie, male profile photo and femal e username occurring
simultaneoudly). In terms of the profile photo, the 3 coders
judged whether the faceismale or female. In addition, we used
the database on the names trending in America which is
provided for researchers by US Socia Security Administration
[49]. This database matches names with gender (eg, Jake for
male). When identifiable, commenters were coded as male or
female; otherwise, indeterminable. Thus, we examined both
usernames and profile photos to infer the gender of the
commenter and compared this result with information within
the comment text. To focus on our primary research purpose
(examination of gender differences in the comments on
overweight individuals), we excluded those comments whose
profiles do not provide clear clues of gender identifications.

Gender of Target (Alpha=.88)

Comments were coded according to the gender of the target of
the comment text. The target of the comment text was
determined as the individual or group whose weight is being
discussed or evaluated. In some instances many targets existed,
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while most included only a single target. When identifiable,
this was coded as male, female, or both in cases where both
genders were targeted by the comment; otherwise, neither.

Attack (Alpha=.93)

Comments were categorized as containing an attack when the
comment text offended, belittled, or expressed disapproval of
an individual or group being overweight. In cases where only
portions of comment text concerned weight, only those sections
that passed our inclusion criteria were evaluated for attack
potential.

Defense (Alpha=.88)

Comments were categorized as containing a defense when the
comment text protected or supported an individua or group’s
weight, or an overweight individual’s actions, thoughts, or traits
related to weight. As with attack, only those portions of
comment text that passed the inclusion criteria were eval uated.

Evolutionary Mate Values (Alpha=.77)

This variable was operationalized in 2 distinct ways, resulting
in 2 categories. A comment was categorized as an attack or
defense of capacities for resource acquisition in cases where
the following were targeted: (1) an overweight individual or
group’s physica or mental ability and (2) persona
characteristics of responsihility, laziness, health, or maturity.
Comments were categorized as an attack or defense of
reproductive power in cases where an overweight individual or
group’s attractiveness, ability to find amate, give birth, or raise
achild are targeted. These categories were adapted from Buss
and Dedden (1995).

Heterosocial Skills (Alpha=.71)

A comment was categorized as an attack or defense of relational
skillswhen the comment text addressed an individual or group’s
ability to interact with others, which included attacks on social
skills or behavior, ability to be selected as a mate, and
desirability.

I ntensity of Derogation (Alpha=.89)

The number of swear words were counted and recorded to
indicate derogation intensity.

Results

Overview

Within the selected datafrom the female Tinder video (n=171),
75 (44%) commenters were male, 37 (22%) were female, and
59 (35%) were indeterminable. For the male Tinder data
(n=145), 45 (31%) commenters were male, 52 (36%) were
female, and 48 (33%) interminable. The descriptive figures of
the 2 Tinder videos are reported in Table 1.
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Table 1. Overview of descriptive results (those interminable are excluded in the analysis and this table).

Gender of the actor in the video Purpose Target gender Commenter gender
Attack Defense Mae Female Mae Female
Male video, n (%) 71 (49) 43 (30) 73 (50) 33(23) 45 (31) 52 (36)
Female video, n (%) 103 (60) 46 (27) 7(4) 98 (57) 75 (44) 37(22)
Total, n 174 89 80 131 120 89

In terms of analysis, all the research questions focus on the
differencein frequency of occurrence (eg, number of comments
that verbally attack). Thus, to analyze this dataset, chi-square
analyses were employed, with the exception of intensity of
derogation, for which we employed at test that examined the
mean differences.

Evolutionary Mate Values—RQla and RQ1b

Our first research question asks up to what extent overweight
women are verbally attacked according to reproductive power
more than men. In addition, we ask up to what extent overweight
men are attacked according to their capacities for resource
acquisition more than women. We found no significant
differences in the frequency of comments attacking physical
appearance and resource acquisition between comments
targeting male and femae overweight individuals,
le(N:66):2.8, P=.09. The majority of comments targeting
overweight males attacked their reproductive power (14/19,
74%), whilefemaleswere targeted for both resource acquisition
(24/47, 51%) and reproductive power (23/47, 49%). These
resultsindicate that when addressing evolutionary mate val ues,
it is primarily reproductive power (ie, physical attractiveness)
for which both genders are verbally attacked.

Heterosocial Skills—RQ2

An exploration of our second research question requires an
examination of the comparative extent up to which overweight
males and femalesreceive verbal attacks addressing heterosocia
skills. A significant difference was found between male and
female overweight targets, le(N=138)=9.9, P=.002. Our results
indicate that male targets are more likely to receive comments
that attack their heterosocial or interpersonal skills. Of male
targets, 87% (40/46) received comments about relationship
deficits. Of female targets, 61% (56/92) received comments of
thistype.

Topic of Verbal Attack Comparison—RQ3

To explore our third research question, we conducted a
frequency comparison between attacks on capacitiesfor resource
acquisition, reproductive power, and heterosocia skills between
male and femaleindividuals. Initially, evolutionary mate values
(ie, personal failings, which include resource acquisition and
reproductive power) and heterosocial skills were coded
separately, and therefore overlap between these 2 variables was
allowed. That is, both evolutionary mate values and heterosocial
skills could be expressed in a single comment. We combined
evolutionary mate values and heterosocial skills into a single
variable, Topic of Comment, to determine whether gender
differences exist between the prominence of attacks on
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reproductive power, capacities for resource acquisition, and
heterosocial skills.

Our results show that there exists asignificant differencein the
topic of aggressive comments between target gender,
X%(N=80)=7.6, P=.02. On the basis of the standardized residuals
of each comparison, we found that capacities for resource
acquisition (residual=—4.8) and heterosocia skills (residual=4.6)
are the two sources of significance, that is, female overweight
targetsare morelikely to receive commentsthat attack capacities
for resource acquisition (14/51, 28%) than male overweight
targets (1/29, 3%). However, male overweight targets are more
likely to receive comments that attack their heterosocial skills
(24/29, 83%) than female overweight targets (29/51, 57%).
Reproductive power in this case was not a source of difference
between male and femae targets (residua=-.2). When
defending, there was no significant difference in the topic of
comments between male and female overweight targets,

X%(N=49)=1.1, P=56.

Target Gender—RQ4a and RQ4b

We asked which gender receives more verbal attackswithin the
2 videos. No significant difference in the number of verbal
attacks was found between the gender of targets,

X% (N=211)=3.6, P=.06. To answer RQ4a and RQ4b, we
explored which commenter gender tends to attack male or

female overweight individuals. We found asignificant difference
between male and female commenters in attacking female
overweight targets, x2,(N=87)=5.7, P=.02 Male commenters
aremorelikely to attack female overwei ght targets (42/52, 81%)
than female commenters (20/35, 57%). Yet, when male
overweight individual s are targeted, no difference in frequency
of verbal attack was found between the commenter genders,

X% (N=50)=1.2, P=.28. No significant difference between the
commenter gender in the frequency of defense was found.

Intensity of Derogation—RQ5a, RQ5b and RQ5¢

We asked how pervasive the verbal attacks against overweight
individuals are. Our data show that the majority of comments
verbally attacked overweight people (56%, 174/316). Only 28%
percent of the comments (89/316) defended the overweight
individuals. Our analysis of RQ5b assessesto what extent verbal
attackstoward overweight individual s are accompanied by swear
words. When attacking (mean 0.37, SD 0.74), comment intensity
(ie, number of swear words) is significantly higher than
nonattack comments (mean 0.17, SD 0.40), t3,,=2.48, P=.01.
RQ5c asks up to what comparative extent male and female
overweight individuals receive comments that include swear
words. A significant difference was found between comments
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that target overweight male individuals (mean 0.21, SD 0.50)
and those targeting females (mean 0.38, SD 0.70), tyo4 9;=2.040,
P=.04 (Figure 1). Also, when targeting overweight females,
attacking comments accompanied more swear words (mean

Jeon et al

0.44, SD 0.77) than nonattack comments (mean 0.23, SD 0.48),
toa.97=—2.040, P=.05. However, no difference between the

attack and nonattack comments was found for those targeting
males.

Figure 1. Average number of swear words (intensity of derogation). The y-axis indicates the number of swear words used in the comments.
"Attack+Nonattack” refers to comments regardless of its valence. Attack and nonattack refer to the attack and nonattack comments, respectively.
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Discussion

Results and Explanations

The primary purpose of this study was to understand how and
up to what extent overweight individuals are verbally attacked
online. Particularly, this study delved into patterned differences
in verbal attacks depending on the genders of the commenters
and the overweight target, especially in terms of (1) the topic
of the comment, (2) the intensity of derogation (ie, swearing),
and (3) thetargeted genders. Theseresults areimportant for the
development of intervention strategies that can effectively
reduce the socia stigma of obesity, which can adversely
influence overweight individuals mental and physical health
[4]. In our data, when addressing evol utionary mate values, both
overwei ght men and women were verbally attacked for deficits
in reproductive power, primarily signaled by physical
attractiveness. This result is seemingly unexpected according
to the evolutionary psychological view, which suggests that
men will be attacked for deficitsin men's primary mate features:
capacities for resource acquisitions (eg, financial prospect and
industriousness). However, one may need to apply the
evolutionary psychological view with caution. Buss (1989)
argued that mate feature preferences for men and women vary
depending on time, culture, and physical environment [21].
Historically men’s physical attractiveness may not have signaled
economic or social statusor ability to accumulate resources (eg,
money) to raise offspring and protect afamily. In contemporary
society, however, men's physical attractiveness may be an
important visual cue. Physical attractiveness may signal an
ability to get resources for supporting and protecting a family,
as a good-looking man is more likely to be hired, make more
sales, and receive raises [50]. Our results show this change in
how men's mate features are preferred. Another possible
explanation for this finding may be that the comments were
posted in response to videos about meeting a date through
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Tinder, a mobile app where men and women may look for a
short-term relationship. In this instance, men's resource
acquisition may not be as highly valued since females may not
be looking for a long-term relationship (in which resource
acquisition would be more useful).

While there were no significant gender differences in the
dichotomous mate values, our data do show gender discrepancies
in the prominence of the topic of the verbal attacks. First, we
explored up to what extent weight stigmais perpetuated within
the comments on the 2 Tinder videos. Our data show that the
majority of the comments attack overweight individuals rather
than defend them. This result generally supports the view that
YouTube is a space where people fedl disinhibited to express
hatred against others [38]. Given that the 2 Tinder videos do
not explicitly ridicule or tease obeseindividuals, our result also
confirms that even in cases of indirect address of obesity,
commenters choose to verbally attack obese individuals. Some
may argue that people, especially bored young people, enjoy
verbally attacking targets with hostile language (ie, flaming)
[38]. Some users may even think that flaming is a“funny way
of interacting that is not to be taken too seriously or that itisa
necessary side effect of vivid debate and freedom of speech”
[38]. Importantly, people are likely unaware of what their
targets—overweight individuals—feel about their aggressive
comments, and the possi bl e subsequent effectsinduced by such
stigmatizing comments. Thismay imply that to stop anonymous
aggressive comments, we need stricter self-regulation of
websites. For example, Reddit, apopular social network website,
has already started stricter regulation, closing hatred forums
within its website including “Fat People Hate,” the biggest
forum in Reddit at thetime [51]. Of course, this restriction will
likely prompt debates on freedom of expression. Nevertheless,
our results, along with findings from other studies, elucidate a
worrying situation in which the online world is filled with
unfettered stigmatizing messages against overweight individuals.
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Second, overweight men are more likely to be attacked for
deficitsin heterosocial skillsthan overweight women. For men,
heterosocial skills may be seen as an important feature for
success in mating [27], but overweight men are stereotyped as
lacking in heterosocial skillsjust as other negative traits unjustly
associated with overweight individuals. This stereotypical
assumption may result in more verbal attacks targeting
heterosocial skills of overweight men than that of overweight
women. In addition, perhaps unexpectedly, overweight women
weremorelikely to receive verbal attacks addressing capacities
for resource acquisition (eg, being lazy, unhealthy) than men.
This is adso seemingly a odds with the evolutionary
psychological perspective, inwhich men evolved to valuefemale
mates reproductive power. One possible explanation can be
that contemporary overweight women are blamed more for
failures in individual responsibility or ability to control or
discipline her body than overweight men, that is, overweight
women may be perceived to belessdisciplined and weaker than
overweight men. Some research supports this view suggesting
that overweight women are seen to lack in ability to do a
strenuous job, whereas overweight men are seen as capable as
nonoverweight men [52]. However, this argument requires
further validation based on more empirical research, including
more representative samples of comments from YouTube or
other digital platforms. Also, a survey with a representative
sample of the population may be needed to examine changes
in attitudes about evol utionary mate values for overweight men
and women.

The third gender difference examined in this paper is the
susceptibility to weight stigma. Is weight stigma, as many
studies suggest, primarily a women's issue even in a digital
context? Our data suggests that overweight women are
prevalently victimized by men. More specifically, men aremore
likely than women to attack overweight women, and women
do not show any tendency of attacking overweight men more
than women. It is possible that men may blame obese women
for not conforming to their role of “being an attractive object”
in a patriarchal society [32]. Also, we found that overweight
women receive significantly more swear wordswithin comments
than overweight men. Thisisimportant as swearing can indicate
anger, arousal, or intention to strengthen argument [53,54], and
if being overweight for women is less “forgivable” than for
men, then women would be attacked with higher levels of
intensity, indicated by a higher number of swear words.

Limitations, Implications, and Future Directions

This study has 3 limitations. First, our study is exploratory,
focusing on only 2 sets of comments posted in response to the
2 Tinder date videos. Our findings cannot be generalized to all
YouTube videos, which may differ in terms of their content (eg,
narrative structure). Therefore, this study should be expanded
into comments on other videos and social media platforms.
Also, alarger dataset (ie, big data) from diverse sources can be
used to further delve into the gender differences in verbal
aggression against overweight individuals, increasing
generalizability of the findings[55].

Second, this study sampled only root comments—comments
that are posted in direct response to the video content and first
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response comments to the root comments. Therefore, our
sampling methodology may exclude second, third, or later
response commentsthat may provide further counterarguments
against comments that attack overweight individuals. To
understand how commenters may defend or empathize with
overweight men and women, future research should include
more response comments as well.

Third, researchers should seek to identify how overweight
individualsrespond to verbal attackson YouTube. Thisresearch
question would be difficult to answer through content analysis,
as commenters rarely reveal their weight within this context.
Survey or focus group interviews which ask questions about
overweight individuals' experience of verbal attacks on YouTube
may be useful in exploring this question further. Also, our
research focused on 2 binary genders (ie, malevsfemale). Thus,
theimpacts of nonconforming and marginalized gender identities
of commenters or overweight targets (eg, transgender or
nonbinary) await future research.

Despite these limitations, this study contributes to current
research on weight-stigma by showing how weight-stigma is
perpetuated differently for overweight men and women in a
digital context. Theoretically, this study attempted to expand
evolutionary psychological theories by examining gender
differences within the context of weight stigma. Our results
show that the evolutionary perspective on verbal aggression
needs to be applied cautiously with overweight individuals in
contemporary society.

Findings of this study should provide useful input in designing
effective gender-tail ored messages—customizing a message to
different perceptions of overweight men and women—to
maximize resources available to improve attitude toward obese
individuals[56], and, in thelong term, reduce depression caused
by weight stigmain adigital context. For example, the message
for overweight men should focus on the perception that
overweight men lack in heterosocial skills by showing
counterstereotypical images of overweight men (eg, overweight
men being active and good at socializing with others).
Conversealy, messagesfor overweight women could better tackle
the perception that overweight women lack in will power (eg,
overweight women depicted as activein sports such as marathon
that require greater will-power) rather than the negative traits
primarily associated with overweight males. Also, based on
findings of this study, we suggest that further research begin
addressing gender discrepanciesin weight stigma. For example,
the widely used scale for weight bias, Fat Phobia Scale, was
originally devel oped based on adjectivesto describe overweight
individuas, listed by people who entered amotor vehiclelicense
bureau in a suburb of St. Paul/Minneapolis metropolitan area
in 1984 [57]. This study identified 12 out of the total 14 items
in this scale to be traits generally related to capacities for
resource acquisition; only 2 items of this semantic differential
scale (Item #3: “Unattractive vs Attractive”; Item#ll:
“Shapeless vs Shapely”) were related to reproductive power.
Thus, this scale may need revision to incorporate a more
appropriate balance of negative traits associated with
reproductive power and capacities for resource acquisition.
Additionally, more explicit items measuring overweight
individuals' heterosocial skillsmay need to beincluded aswell.
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In other words, more gender-balanced weight bias scales are men and women differently. Thus, based on the data, it is
needed to reflect the changes in gender differences in weight recommended that effective intervention strategies that tackle
stigma. these specific beliefs and gender be devel oped to lift the mental

In conclusion, the results of this study were indispensable in

burden for overweight individualsin fighting obesity.

that they revealed how implicit beliefs stigmatize overweight
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Abstract

Background: Patients and their families are able to obtain information about palliative care from websites easily howadays.
However, there are concerns on the accuracy of information on the Web and how up to dateit is.

Objective: The objective of this study was to elucidate problematic points of medical information about palliative care obtained
from websites, and to compare the quality of the information between Japanese and US websites.

Methods: We searched Google Japan and Google USA for websites relating to palliative care. We then evaluated the top 50
websites from each search using the DISCERN and LIDA instruments.

Results: We found that Japanese websites were given alower evaluation of reliability than US websites. In 3 LIDA instrument
subcategories—engagability (P<.001), currency (P=.001), and content production procedure (P<.001)—US websites scored
significantly higher and had large effect sizes.

Conclusions: Our results suggest that Japanese websites have problems with the frequency with which they are updated, their
update procedures and policies, and the scrutiny process the evidence must undergo. Additionally, there was a weak association
between search ranking and reliability, and simultaneously we found that reliability could not be assessed by search ranking
alone.

(Interact J Med Res 2018;7(1):€7) doi:10.2196/ijmr.9574

KEYWORDS
internet; website; reliability; quality; usefulness; palliative care; consumer health information; evaluation studies

from the early stages also leads to the necessity of enhancing

Introduction patients and their families’ understanding of such care [2].

The World Health Organization defines palliative care as “an
approach that improves the quality of life of patients and their
families facing the problems associated with life-threatening
illness, through the prevention and relief of suffering by means
of early identification and impeccabl e assessment and treatment
of pain and other problems, physical, psychosocial and spiritual”
[1]. The incorporation of palliative care into cancer treatment

http://www.i-jmr.org/2018/1/e7/
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Ontheother hand, with the spread of theinternet, it hasbecome
possible for patients and their families to easily collect
treatment-related information through websites. The merit of
enabling usersto immediately obtain extensive information has
made the internet an important means to collect medical
information [3]. According to the National Telecommunication
Survey 2015 in Japan, internet use through mobile phones and
tablet terminalsisincreasing in all age groups, and theincrease
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in the rate of such useis particularly marked among those aged
60 to 79 years [4]. The rise in the number of internet users
suggests that an increasing number of patients are collecting
medical information using this method.

However, information available on the internet also has
drawbacks, such as not necessarily being understandable for
patients without expertise and having low updating frequencies
[5,6]. Furthermore, it has been reported that approximately 30%
of those who browse webpages contai ning information regarding
palliative care are unsatisfied due to insufficient information
and detailed contents, indicating the necessity of improving the
quality of such information as a challenge [2,7].

Therefore, in this study we focused on palliative care—related
information available through websites and compared the quality
of theinformation between Japan and the United Statesin order
to identify problems related to medical information available
through websites on the internet.

Figure 1. The process of selecting target websites.

Tanabe et al

Methods

Website Selection

Figure 1 outlines the process of selecting target websites. We
searched for websites using 2 search engines. Google Japan and
Google USA (Google LLC). When conducting Web searches,
we turned off both the positional information and history
information reference functions of the personal computer. The
search terms were (paliative care OR palliative medicine [in
Japanese]) on Google Japan and (palliative care OR comfort
care OR symptom management) on Google USA. We targeted
the top 50 websites displayed in the search results. When
selecting sites, we regarded webpages having the same domain
as belonging to the same website. We excluded websites not
containing paliative care—related information, such as those
introducing books and magazines, and with PDF pages of
research papers. We ascertained that the top 50 websites found
on Google USA were US sites.

[Search engines and search terms]
* Google Japan
‘Kan-wa kea’ OR ‘Kan-wa iryo’

* Google USA

‘Palliative care’ OR ‘Comfort care’ OR ‘Symptom management’

A A

* Google Japan
-In about 9,000,000 hits

+ Google USA
-In about 17,500,000 hits

[Target] Top 50 websites displayed in the search results

[Excluded] Websites not containing palliative
——— care-related information
eg) Those introducing books and magazines

PDF pages of research papers

[Target to evaluate]
* Google Japan
- 49 websites

* Google USA
- 46 websites
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Evaluation

We evaluated the information available on the target websites
by examining the owner information included in each website
and by using 2 evaluation indices: the DISCERN (Textbox 1)
and LIDA instruments (Textbox 2).

The DISCERN instrument [8] isan index to evaluate the quality
of information regarding treatment choices, developed by
Shepperd and colleagues at Oxford University, Oxford, UK.
We evaluated the reliability of information (reliability-1) and
the quality of information regarding treatment choices
(information quality) on a5-point scale from 1 (no) to 5 (yes).
Subsequently, we evaluated overall aspects on a 5-point scale
from 1 (serious or extensive shortcomings) to 5 (minimal
shortcomings).

The LIDA instrument is an index to evaluate health-related
information available on websites, created by Minervation, a
health care consultancy [9]. It consists of 3 domains:
accessibility, usefulness, and reliability (reliability-2). In this
study, we rated the evaluation items on a 4-point scale from 0
(never) to 3 (always). Among the 3 domains, we eval uated only
usefulness and reliability-2, as accessibility is not closely
associated with reliability.

Tanabe et al

The evaluation was conducted by multiple ratersindependently.
When interrater agreement was poor, we discussed the results
with a new supervisor and used the agreed-upon results.

We divided owner information into 2 categories for evaluation:
personal and organizational. We further divided organizational
into medical, administrative (public), general (profit), and
genera (nonprofit) for comparison between Japan and the
United States. We defined each category as outlined in Textbox
3.

We divided the categories of the website contentsinto dedicated
palliative care sites, general information sites about cancer
(including palliative care—related information), general medical
sites (including palliative carerelated information), and
nonmedical sites (including palliative care—related information),
and we assessed those. Textbox 4 outlinesthe definitions of the
website content categories.

To evaluate their reliability, we also divided the target websites
into 2 groups—high rank and low rank—based on their ranks
when displayed in the search results. We then compared their
scores for each item of the 2 evaluation indices. With regard to
the reliability-related items (reliability-1 and reliability-2) of
both evaluation indices, we examined the correlation between
the scores for these items and ranks.

Textbox 1. DISCERN instrument for judging the quality of written consumer health information. Section and questions are presented below. Scored

as 1=no, 3=partialy, 5=yes.

Reliability-1: Isthe publication reliable?
« Aretheaimsclear?
o Doesit achieveitsaims?

. Isit relevant?

o Isit clear what sources of information were used to compile the publication (other than the author or producer)?

« Isit clear when the information used or reported in the publication was produced?

Information quality: How good isthe quality of infor mation treatment choices?

. Isit balanced and unbiased?

o Doesit provide details of additional sources of support and information?

« Doesit refer to areas of uncertainty?

o Doesit describe how each treatment works?

«  Doesit describe the benefits of each treatment?
o Doesit describe the risks of each treatment?

« Doesit describe what would happen if no treatment is used?

o Doesit describe how the treatment choices affect overall quality of life?

« Isitclear that there may be more than one possible treatment choice?

« Doesit provide support for shared decision making?

Overall evaluation: Overall rating of the publication

« Based on the answersto al of the above questions, rate the overall quality of the publication as a source of information about treatment choices

http://www.i-jmr.org/2018/1/e7/
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Textbox 2. LIDA instrument for validation of health care websites. Level and questions are presented bel ow. Scored from O=never to 3=always.

Usefulness/usability

Clarity

o Isthereaclear statement of who thiswebsiteisfor?

« Isthelevel of detail appropriate to their level of knowledge?

« Isthelayout of the main block of information clear and readable?
« Isthenavigation clear and well structured?

« Canyouawaystell your current location in the site?

« Isthe color scheme appropriate and engaging?

Consistency
« Isthe same page layout used throughout the site?
« Donavigationa links have a consistent function?

. Isthesite structure (categories or organization of pages) applied consistently?

Functionality

«  Doesthe site provide an effective search facility?

o  Doesthe site provide effective browsing facilities?

«  Doesthe design minimize the cognitive overhead of using the site?
«  Doesthe site support the normal browser navigational tools?

«  Canyou usethe site without third-party plug-ins?

Engagability

«  Canthe user make an effective judgment of whether the site applies to them?
« Isthewebsite interactive?

«  Cantheuser personalize their experience of using the site?

«  Doesthe website integrate nontextual media?

Reliability-2

Currency

. Doesthe site respond to recent events?

o Can users submit comments on specific content?

« Issite content updated at an appropriate interval ?

Conflicts of interest
. Isit clear who runs the site?
o Isitclear who paysfor the site?

. Isthere adeclaration of the objectives of the people who run the site?

Content production
. Doesthesitereport aclear content production method?
o Isthisarobust method?

«  Cantheinformation be checked from original sources?

Content production procedure
«  Arethe audience needs identified in advance?
«  Iscomprehensive literature searching conducted?

« Areretrieved documents critically appraised?
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Is content authored by subject experts?

I's content reviewed by an independent expert or panel?

Output of content
« Hasliterature searching found the right information?
«  Doesthe content check out?

. |'s the content accurate?

Textbox 3. Definitions of owner information categories.

o Personal: persona websites

«  Organizational: websites of organizations, such as companies and facilities

« Maedica: websites of medical institutions or corporations, such as hospitals and care facilities

«  Generd (profit): websites of for-profit organizations, such as joint-stock companies, excluding medical institutions
«  Generd (nonprofit): websites of nonprofit or nongovernmental organizations, excluding medical institutions

. Administrative (public): websites of prefectures, states, ministries, and agencies

«  Academic: websites of academic societies

Textbox 4. Definitions of website content categories.

«  Dedicated palliative care sites: websites from medical conferences that are dedicated to palliative care, educational and informational sites about
palliative care, hospice service program informational sites, and academic journa sites about palliative care

«  Genera information sites about cancer: educational and informational sites about cancer and informational sites about hospitals specializing in

cancer treatment

«  General medical sites: informational sites about home visits and hospitals

«  Nonmedical sites: featured articles from newspapers, nonmedical informational sites, and online dictionaries

Analysis

We conducted a chi-square test to compare owner information.
For comparisons of reliability, quality, and usefulness of the
information available on the target websites between Japan and
the United States, we calculated the mean scores for the 2
evaluation indices. The t test was conducted (with the
significance level set at .05%, and using Cohen d for effect size
calculation) using the statistical software IBM SPSS Statistics
24 (IBM Corporation). We applied Cohen’s standard setting to
measure effect size, where no effect sizeis0= d <0.2, small
effect sizeis 0.2= d <0.4, medium effect sizeis0.4= d <
0.6, and large effect sizeis0.6= d. Furthermore, we examined
the correlation between each score and ranks by cal culating the
Pearson product-moment correl ation coefficient and conducting
atest to confirm the absence of a correlation.

Results

Overview

We identified approximately 9,000,000 websites using Google
Japan (date of search: December 13, 2016) and 17,500,000
websites using Google USA (December 14, 2016). After
excluding 1 website from the Google Japan search and 4 from
the Google USA search, we targeted 49 Japanese sites and 46
USsitesfor evaluation.

http://www.i-jmr.org/2018/1/e7/

RenderX

Owner Information

None of the targeted websites from either Japan or the United
States were persona websites. We categorized organizational
websites as follows: (1) from Japan, medical: 33; genera
(profit): 7; general (nonprofit): 3; administrative (public): 4;
and academic: 2; and (2) from the United States, medical: 24;
genera (profit): 7; general (nonprofit): 4; administrative
(public): 7; and academic: 4. In both cases, medical websites
were the most frequent (Table 1). The chi-square test revea ed
no significant differences in the categorization of owner
information between the Japanese and US websites (P=.55).

Website Content Categories

Most dedicated palliative care sites from the United States, but
none of those from Japan, were hospice service program
websites. Furthermore, most general medical sites from the
United Stateswereinformational sites about home visits, while
most of those from Japan were general hospital introductory
sSites.

Evaluation Index Scores

On comparing evaluation index scores, US websites had
significantly higher scores related to reliability-1 and
reliability-2 than did the Japanese websites (Table 2). Scores
related to information quality and usefulness did not differ
markedly.

Interact JMed Res 2018 | vol. 7 | iss. 1 €7 | p.37
(page number not for citation purposes)


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

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Tanabe et &

Table 1. Comparison of the frequency of websites with owner information and content categories between Japan and the United States.

Information categories Japan (n) United States (n) P value?
Owner information .55
Medical 33 24
General (profit) 7 7
General (nonprofit) 3 4
Administrative (public) 4 7
Academic 2 4
Personal 0 0
Contents .005
Palliative care related 5 20
General information about cancer 6 6
General medical 32 19
Nonmedical 6 1
8Chi-square test.

Table 2. Comparison of mean evaluation index scores between Japanese and US websites.

Instruments and items Japan United States P value? Effect size
(n=49) (n=46)
DI SCERN score, mean (SD)

Reliability-1 12.1(4.6) 145 (5.2) 02 051

Information quality 18.6 (6.7) 19.9 (6.6) .26 0.24

Reliability-1 plus information quality 30.0 (11.4) 34.4 (10.6) .07 0.43

Overall evaluation 2.1(0.9) 2.6(0.9) .007 0.59

LI DA score, mean (SD)

Usefulness 44.1(7.0) 445 (5.4) 61 0.26
Clarity 14.2 (3.7) 13.6 (2.7) 50 0.16
Consistency 9.4 (1.6) 8.9(0.3) .30 0.18
Functionality 125(2.2) 12.4(1.9) 26 0.15
Engagability 79(@1.7) 9.5(1.8) <.001 0.95

Reliability-2 16.1(6.3) 21.1(8.9) .004 0.60
Currency 2.8(1.8) 39(1.5) .001 0.68
Conflicts of interest 5.0(1.6) 54 (1.4) .23 0.24
Content production 1.6(15) 1.9(2.8) 54 0.28
Content production procedure 19(1.9 4.1 (3.7) <.001 0.75
Output of content 4.8 (1.5) 5.8 (2.0) .009 0.54

Usefulness plus reliability-2 60.2 (12.1) 65.3 (11.2) 045 0.42

Student t test.

A . Similarly, information quality, but not usefulness, also
Reliability of the Target Websites significantly varied between high- and low-rank websites from

Comparison Between High- and Low-Rank Websites both Japan and the United States.

The reliability of high- and low-rank websites significantly A large number of US websites had marks indicating
varied in both Japan and the United States. In US websites certification of compliance guarantees by third parties,
showing larger effect sizes, the difference was more marked represented by the Health on the Net (HON) Foundation. In
between low-rank websites (Table 3). contrast, none of the Japanese websites had such marks.

http://www.i-jmr.org/2018/1/e7/ Interact JMed Res 2018 | vol. 7 | iss. 1 €7 | p.38
(page number not for citation purposes)

RenderX


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

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

Table 3. Comparison of scores between high- and low-rank websites.

Tanabe et al

Instruments and items Japan United States
High Low pvaue® Effectsize High Low pvaue® Effectsize
(n=24) (n=25) (n=23) (n=23)
DISCERN score, mean (SD)
Reliability-1 14.4 (5.0) 9.9(2.9 <.001 112 17.6 (3.4) 11.3(4.9) <.001 141
Information quality 21.8(7.8) 15.4(3.3) <.001 1.06 243 (5.7) 15.3(3.7) <.001 1.83
Reliability-1 plusinformation ~ 34.8(14.0) 25.3(4.8) .004 0.90 41.9(7.5) 26.6 (7.3) <.001 1.96
quality
Overall evaluation 25(0.9) 1.6 (0.7) <.001 114 31(0.7) 2.0(0.8) <.001 147
LIDA score, mean (SD)
Usefulness 44.6 (5.3) 453(2.1) .64 0.16 44.0(5.7) 44.3(5.7) .56 0.17
Reliability-2 20.0(6.9) 13.0(2.8) <.001 1.35 26.1(9.0) 15.9(9.0) <.001 1.32
Usefulness plus reliability-2 62.0(16.7) 58.3(3.8) .28 0.32 70.2(11.7) 60.2(11.7) .02 0.66
aStudent t test.
Figure 2. Correlation of DISCERN scores related to reliability-1 and ranks between Japanese and US websites.
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Ranks

DISCERN (Figure 2) and LIDA (Figure 3) reliability scores of
the target websites were weakly correlated with their ranks.
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Principal Findings

This study compared and evaluated the reliability, quality, and
usefulness of palliative care information available on websites
from Japan and the United States. Although the usefulness was
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similar between the 2 countries, the reliability and quality were
lower in Japanese websites, revealing insufficient measures to
provide such information with sufficient reliability in Japan. In
previous studies, websites not specifying information sources
and those showing profit-seeking behavior were noted as
problematic[10,11]. Similarly, in this study, information sources
and dates of publication were not appropriately described on
some Japanese websites, revealing their insufficient usability
for patients and their families. It has been suggested that
Japanese palliative care sites have problems with their update
frequency, their update policiesand procedures, and the scrutiny
processthat evidence must undergo, sincethe scoresfor theUS
websites showed asignificantly large effect sizein 2 categories:
currency and content production procedures, especialy in the
LIDA subcategory. There was no significant difference in the
overall usefulness of thewebsites, but in the LIDA subcategory
engagability, US websites had a higher score and were dlightly
more user friendly because many sites had interactive content
and pictograms as an alternative to text. The subcategory
engagability includes queries about website integration with
nonverbal expression and, intherealm of drug information, the
usefulness of pictograms as a tool for information
communication has been reported [12,13]. This suggests that
using pictograms could enhance a website's user friendliness
for users whose mother tongue is different from the language
of the website. Additionally, we do not know whether any
Japanese palliative care—related websites have applied the HON
Foundation code of conduct (HONcode), while many
English-language websites do [14-16]. A certification system
such as HONcode could be useful to help determine the
reliability of a website because it would be possible to refine
one’s search by whether sites are certified.

Owner information categorization did not significantly vary
between the 2 countries, indicating that websites belonging to
medical institutions tended to be the most frequent information
sourcesfor patientsin both countries. However, regarding each
content category, dedicated palliative care sites ranked highest
in the United States, and general medical information sites
ranked highest in Japan (especially in cases where palliative
care information was included in the hospital informational
sites). Therefore, it may be necessary to create official sitesthat
are dedicated to palliative care service and to provide
information that isregularly reviewed and updated. Additionaly,
proactively applying athird-party certification system such as
the HONcode is desirable because even medical experts often
vary in their subjective assessments[17].

The significant difference in the level of reliability between
high- and low-rank websites in both countries and the weak
correlation between such level sand ranks suggest an association
between the rank of each website and its reliability. The order
in which websites are displayed in Google search results is
based on an algorithm called PageRank [18]. This algorithm
calculates origina scores for individual websites based on
keyword matching, the number of backlinks, updating
frequency, information volume and consistency, browsing

http://www.i-jmr.org/2018/1/e7/
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frequency, and coding appropriateness. PageRank determines
where awebsite ranksin the search results. Therefore, the rank
of awebsite in the search results does not necessarily reflect its
reliability. However, the possibility of awebsite appearing high
in the order as a result of being regarded as highly reliable by
users and achieving a large number of accesses should aso be
considered. In this respect, detailed search orders themselves
may not accurately reflect the reliability of websites, although
those providing more reliable information tend to appear higher
in the search results. In fact, in previous studies, search orders
were reported to be inappropriate as a measure to examine the
reliability of websites[19], and we obtained similar findingsin
this study. Thus, when using internet search services, the
following points listed by some researchers should be noted:
information contained in webpages may be inaccurate; such
information is based on providers' intentions; and websites are
not primary information sources[20]. Our study also suggested
the necessity of exercising caution when using information
available on the internet.

With the revision of Google’ search logic, theindividualization
of information based on locality and access history has been
promoted, but reliability-related issues have yet to be resolved.
At this point, information available on websites visited by
patients has been reported to be less accurate than that provided
through websites targeting medical professionals[21,22]. Asit
may be difficult for patients without expertise to judge whether
such information is sufficiently reliable, medical professionals
should support patientsin obtaining information that they need.

Study Limitations

Thisstudy had some considerable limitations. First, our searches
may have missed some websites. Second, we might have
obtained different results using other search engines. However,
although search results can differ by adding keywords, we think
that this difference would be negligible and unlikely to have a
large influence on the results. Third, the results might not be
applicable to palliative care websites from countries other than
the United States and Japan. However, although there are some
limitationsto this study, few studies have assessed the reliability
of website information in the palliative care realm. Therefore,
our results can be considered to offer future possibilities for
providing information.

Conclusions

While usefulness-related scores did not significantly vary,
reliability-related scores were lower for Japanese websites. In
3 LIDA instrument subcategories, US scores were higher and
had large effect sizes: engagability, currency, and content
production procedure. This suggests that Japanese websites
have problems in their frequency of being updated, update
procedure and policy, and scrutiny process for evidence. We
also clarified that the reliability of websitesisweakly correlated
with their ranks, but such ranks are not sufficient to judge
whether the websites are sufficiently reliable. Based on these
results, it may be necessary to evaluate information sources
used by patients.
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Abstract

Background: Information from ratings sites are increasingly informing patient decisions related to health care and the selection
of physicians.

Objective: The current study sought to determine the validity of online patient ratings of physicians through comparison with
physician peer review.

Methods: We extracted 223,715 reviews of 41,104 physicians from 10 of the largest cities in the United States, including 1142
physicians listed as “America’s Top Doctors’ through physician peer review. Differences in mean online patient ratings were
tested for physicians who were listed and those who were not.

Results. Overdl, no differenceswere found between the online patient ratings based upon physician peer review status. However,
statistical differences were found for four specialties (family medicine, allergists, internal medicine, and pediatrics), with online
patient ratings significantly higher for those physicians listed as a peer-reviewed “ Top Doctor” versus those who were not.
Conclusions: The results of this large-scale study indicate that while online patient ratings are consistent with physician peer
review for four nonsurgical, primarily in-office specializations, patient ratings were not consistent with physician peer review
for specializations like anesthesiology. This result indicates that the validity of patient ratings varies by medical specialization.

(Interact J Med Res 2018;7(1):€8) doi:10.2196/ijmr.9350

KEYWORDS
physician review websites; online patient ratings; physician peer review

rating website at least once [2]. Overall, physicians indicated
that the numerical resultsfrom these ratings websiteswerevalid

In a 2016 study, the Pew Research Center found that 84% of approximately 53% of the time, while patients indicated that
all adultsin the United States use online ratings sitesto inform  they thought the ratings were valid 36% of the time [2].

their product or service purchase decisions[1]. Thesameistrue  RateMDs.com, HealthGrades.com, and Vitals.com are three
for health care: patientsincreasingly accessonlineratingssites  frequently visited health care provider ratings websites, with
to inform their hedth care decisions, with online ratings over 2.6 million, 6.1 million, and 7.8 million reviews,
emerging asthe most influential factor for choosingaphysician.  respectively [3-5]. For these three sites, numeric rating scales

Ina2017 QUdy by the National Institutes of Health, 53% of range from 1 (poor) to5 (exce”ent) and cover perceptions of
physicians and 39% of patients reported visiting a health care
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physician knowledge, helpfulness, punctuality, and staff. Most
patients give physicians positive ratings: one study reported
that over 90% of all ratings were positive [6] and another
reported that as the frequency of ratings increased, the average
mean rating increased [7].

Extending the findings of the study by the National Institutes
of Health, we sought to determine the validity of online patient
ratingsthrough comparison with physician peer review, defined
inthisstudy through Castle Connolly Medical. Specifically, we
tested whether mean online patient ratings for physicians, by
specialty, are higher for those physicians who have been
nominated by their peers as one of “America’s Top Doctors”
or not, asreported by Castle Connolly Medical. If online patient
ratings were consistent with Castle Connolly Medical, ratings
for physicians listed would be higher than for those not listed,
thereby providing support for the validity of physician online
review sites to inform health care-related decisions.

Methods

The basis for physician peer review selected for the current
study is Castle Connolly Medical, a private consumer research
firm that distinguishes top providers both nationally and
regionally through a peer nomination processthat involves over
50,000 providersand hospital and health care executives. Castle
Connolly Medical receives over 100,000 nominations each year
and a physician-led research team awards top providers from
these nominations [8]. Lists are generated for each health care
specialty as well as most subspecialties.

Several studies have similarly selected physician peer review
through Castle Connolly Medical asabasisto assessthe validity
and role of patient online ratings sites, including an assessment
for hand surgeons in the United States [9], as well as a more
genera correlation of physician attributes and ranking of

Table 1. Rated physicians by source.
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hospital affiliationswith peer review results[10]. Other studies
have found alternative domain-specific objective measures to
corroborate online review siteswith relevant tangibl e outcomes,
like restaurant ratings with patron visits [11].

Results

This study examined 223,715 reviews of 41,104 unique
(nonduplicated) physicians from 10 of the largest cities in the
United States (Atlanta, Boston, Chicago, Dallas, Washington
DC, Los Angeles, Miami, New York, Philadelphia, and San
Francisco). Reviews were extracted in January 2017. Of these
physicians, 1142 wereincluded as “America’s Top Doctors’ in
the Castle Connolly Medical rankings. The number of ratings
and physicians evaluated makes this study the largest-scale
evaluation of itskind, to date. The profile of the overall sample
is provided in Table 1. Specific elements extracted included
doctor name, rating (numeric), number of reviews,
specialization, source (ratings site), city, and state. To mitigate
issues related to “fake” reviews as well as influentia
observations, we excluded any physician with fewer than three
reviews and specializations with fewer than five reviews. Of
the total number of physicians with reviews, 16,525 had fewer
than three reviews, making the final analyzed sample size of
physicians 24,579 (Multimedia Appendix 1).

From Multimedia Appendix 1, four specializations demonstrated
differences in online patient average ratings between those
physicians included in Castle Connolly Medical’s listing of
“America’s Top Doctors’ and those not listed: allergists, family
medicine, internists, and pediatricians. For each of these
specializations, those physicians with a listing in Castle
Connolly Medical received ahigher rating than those physicians
not listed. The remaining specializations exhibited little
difference between physicians listed and those not listed.

Ratings source Number of physicians®

Number of reviews Average rating (1-5)

HealthGrades 17,385
RateMDs 19,631
Vitals 4088

Total 41,104

113,427 3.97
72,228 3.83
38,060 4.06
223,715 391

3N onduplicated, unique number of physicians.

Discussion

Principal Findings

This study sought to determine the validity of patient ratings
for physicians by evaluating the mean online ratings for
physicians, by specialty, between those who had been nominated
by their peers as one of “America’s Top Doctors’ or not, as
reported by Castle Connolly Medical. We found that four
specializations demonstrated differences in ratings between
those physicians included in Castle Connolly Medical’s listing
of “America’s Top Doctors’ and those not listed: allergists,
family medicine, internists, and pediatricians. Specifically, our
study found that the validity of patient online reviews of

http://www.i-jmr.org/2018/1/e8/

physiciansvariesby specialization. Thisfinding hasimplications
related to how patients make choices related to health care.

Physicians have been inundated with mandatesfor attaining the
“tripleaim” of reducing costs and increasing patient experiences
and quality [12]. In doing so, many have moved to a model of
“patient-centered care” which seeks to form continuous
patient-physician relationships [13]. Thus, some practices have
simultaneously begun to direct attention at both the nature of
the relationship and the quality of that encounter. Given that
these efforts appear to be primarily directed at more “primary
care” and “in-office” settings, our finding that patient reviews
are valid for speciadizations that could be characterized as
primarily “in-office” settingsis not unexpected.
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Within the context of promoting competition, information
transparency needs to be both complete and understood. This
review would suggest that online patient ratings accomplish
neither of these market objectives. In fact, there may be
implications for shopping behavior to negatively influence
quality of care outcomes; care continuity is associated with
many positive health outcomes including decreased
hospitalizations, fewer emergency room visits, lower health
care costs, and improvements in the use of preventative care
services[14]. Conversely, evidence indicates that patients who
experience more fragmented primary care services also have
patterns of carethat more significantly deviate from determined
best practice guidelines and result in higher overall health care
costs. Negative reviews could thus promote “doctor shopping”
based on incomplete or nonfactual information and lead to more
fragmented care continuity, and potentially less optimal health
outcomes [15,16].

Health systems have called for more holistic approaches to
treating patients and placing measurable value on attributes
such as trust and continuity of care [17]. In arecent edition of
the Journal of the American Medical Association, physicians
discussed the role that standardized quality assessment tools
have on care practice and the need to be thoughtful when
constructing such measures[18]. Physician rating websites have
utility, but areimperfect proxiesfor competence[19,20]. If such
guestions have arisen about standard best practice measurement,
even greater questions exist about unstandardized and undefined
open assessments such as online patient reviews, particularly
in specialties where the patient has limited direct experience
with their health care provider (eg, Anesthesiology).

Limitations

The selected basis for physician peer review for this
study—Castle Connolly Medical—is not immune to challenge;
while the organization does not receive payments or petitions,
physicians have publicly questioned the “lobbying” efforts that
some colleagues undertake to beincluded intheir lists. However,
no objective truth in the determination of a “good” or “bad”

McGrath et al

physician has been established. Other studies have explored
alternative assessments for physician performance (eg, clinical
outcomes, costs to treat, board certifications) and have
acknowledged a variety of issues and limitations related to
associating reviews with performance [21,22].

The current study only incorporated average numerical results
for physicians (rather than an individual numeric rating for each
review) from the three ratings sources; text from reviews was
not analyzed. While the patterns and general findings would
likely not change based upon text analysis, the text may provide
additional insights regarding frequently occurring terms or
relevant patterns for interested researchers.

We were not able to ascertain details about the individuals
providing the ratings. Specificaly, this study did not consider
the patients' insurance type. This insurance type could affect
how a patient experiences the service provided relative to
perceived value; those with higher out-of-pocket direct costs
via copays and/or high deductibles may be more cost sensitive
and therefore more likely to “shop” for health care in the face
these payments.

Conclusions

A deceptive review or set of reviews related to a hotel visit is
an inconvenience, but decisions based on deceptive or
poorly-informed patient reviewsrelated to a health care provider
could have dire consequences for an individual using these
reviews to inform their health care-related decisions. The
presence of onlineratings siteswill likely continueto grow and
expand across all segments of the economy. The results of this
large-sca e study indicate that while patient ratings are consi stent
with physician peer review ratings for specidtieslike alergists
and pediatricians, patient reviews were not consistent with
medical peer review for specializations characterized by less
patient contact (eg, anesthesiology). This result may indicate
that patients are not sufficiently knowledgeable to provide
informed physician ratings for some medical specializations,
leading other information-seekers to potentialy less-qualified
providers.
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Overall mean ratings by specialization for physicians listed and not listed in Castle Connolly Medical.
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Abstract

Background: Tenosynovial giant cell tumor (TGCT) isarare, benign lesion affecting the synovial lining of joints, bursae, and
tendon sheaths. It is generally characterized as a locally aggressive and often recurring tumor. A distinction is made between
localized- and diffuse-type. The impact of TGCT on daily living is currently ill-described.

Objective: The aim of this crowdsourcing study was to evaluate the impact of TGCT on physical function, daily activities,
societal participation (work, sports, and hobbies), and overall quality of life from a patient perspective. The secondary aim was
to define risk factors for deteriorated outcome in TGCT.

Methods: Members of the largest known TGCT Facebook community, PVNS is Pants!!, were invited to an e-survey, partialy
consisting of validated questionnaires, for 6 months. To confirm disease presence and TGCT-type, patients were requested to
share histological or radiological proof of TGCT. Unpaired t tests and chi-square tests were used to compare groups with and
without proof and to define risk factors for deteriorated outcome.

Results: Three hundred thirty-seven questionnaires, originating from 30 countries, were completed. Median age at diagnosis
was 33 (interquartile range [|QR]=25-42) years, majority was female (79.8% [269/337]), diffuse TGCT (70.3% [237/337]), and
affected lower extremities (knee 70.9% [239/337] and hip 9.5%[32/337]). In 299 lower-extremity TGCT patients (32.4%[97/299])
with disease confirmation, recurrence rate was 36% and 69.5% in localized and diffuse type, respectively. For both types, pain
and swelling decreased after treatment; in contrast, stiffness and range of motion worsened. Patients were limited in their
employment (localized 13% [8/61]; diffuse 11.0% [21/191]) and sport-activities (localized 58% [40/69]; diffuse 63.9% [147/230]).
Compared with general US population, all patients showed lower Patient-Reported Outcomes Measurements Information
System-Physical Function (PROMIS-PF), Short Form-12 (SF-12), and EuroQoL 5 Dimensions 5 Levels (EQ5D-5L) scores,
considered clinically relevant, according to estimated minimal important difference (MID). Diffuse versus localized type scored
almost 0.5 standard deviation lower for PROMIS-PF (P<.001) and demonstrated a utility score of 5% lower for EQ-5D-5L
(P=.03). In localized TGCT, recurrent disease and =2 surgeries negatively influenced scores of Visual Analog Scale
(VAS)-pain/stiffness, SF-12, and EQ-5D-5L (P<.05). In diffuse type, recurrence resulted in lower score for VAS, PROMIS-PF,
SF-12, and EQ-5D-5L (P<.05). In both types, patients with treatment <lyear had significantly lower SF-12.

Conclusions: TGCT has a major impact on daily living in a relatively young and working population. Patients with diffuse
type, recurrent disease, and =2 surgeries represent lowest functional and quality of life outcomes. Physicians should be aware
that TGCT patients frequently continueto experience declined health-related quality of life and physical function and often remain
limited in daily life, even after treatment(s).

(Interact J Med Res 2018;7(1):e4) doi:10.2196/ijmr.9325
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Introduction

Tenosynovia giant cell tumor (TGCT), previously pigmented
villonodular synovitis (PVNS), isarare, proliferative neoplasm
affecting the synovia lining of joints, bursae, and tendons
sheaths. According to growth pattern, aradiological distinction
is made between a well-circumscribed lesion (localized type)
and a locally more aggressive lesion (diffuse type) [1,2]. The
incidence rate reveals its rarity: for localized type (excluding
digits), 10.2 per million person-years and for diffuse type, 4.1
per million person-years. TGCT is a monoarticular disease,
concerning large joints, typically about the knee: 46% in
localized-type and 64% to 75% in diffuse-type. Male-female
ratioisabout 1:1.5for both types, with amedian age at thetime
of TGCT diagnosisof 30to 50 years[1-3]. Most commoninitial
symptomsare pain, stiffness, and swelling. Additional symptoms
might be limited range of motion, instability, giving way, and
locking complaints [4]. Due to these unspecific signs and the
rarity of the disease, patients frequently experience a delay of
years in diagnosis [3,5,6]. To treat these symptoms, current
treatment of choiceis surgical excision, either by arthroscopic
or open synovectomy [7]. After surgical resection, high
recurrence rates are known, with the localized type up to 50%
and the diffuse type up to 92% [6].

Once TGCT isdiagnosed, ahigh health care burden isidentified
with a significant increase in health care costs, ambulatory
expenses, and physical therapy [8]. In describing treatment
benefits and standard oncologic end points, patient-reported
outcomeinstruments areincreasingly used. Visual Analog Scale
(VAYS) for worst pain-stiffness and Patient-Reported Outcomes
Measurement  Information  System-Physical  Function
(PROMIS-PF) questionnaires were identified as most valuable
measures for TGCT symptoms in a relatively smal TGCT
patient cohort (n=22) [4].

The impact of TGCT symptoms following surgery(s) and
recurrences on daily living, sports, and work activities is
currently ill-described. Although TGCT isnot considered lethal,
thistumor is hypothesized to have major impact ondaily living.
Especially diffuse diseaseisnotoriousfor its negative influence
on both local recurrence risk and functional outcome [9].

Use of an e-survey isaunique possibility to reach alarge elusive
TGCT population and to globally evaluate impact of TGCT on
patients' daily life. This crowdsourcing study evaluates effect
of TGCT on physical function, daily activities, societal
participation (work, sports, and hobbies), and overall quality of
life from a patient perspective. Secondary aim isto define risk
factors for deteriorated outcome in TGCT.

Methods

Study Design
This cross-sectional crowdsourcing study was performed at
Leiden University Medical Center, Leiden, The Netherlands,

http://www.i-jmr.org/2018/1/e4/

in accordance with good clinical practice [the Declaration of
Helsinki (2000)]. This study was conducted from December
2016 until end of May 2017 (6 months), using the largest known
online TGCT community on Facebook, PVNS is Pants!!, to
gather participants for the Web-based questionnaire. The study
was conducted conforming to the Checklist for Reporting
Results of Internet E-Surveys (CHERRIES), the checklist
focusing on Web-based surveys[10] (MultimediaAppendix 1).
NetQuestionnaire (NetQ) was used to complete the TGCT
guestionnaire. NetQ is a professional Web-survey software,
approved for (bio)medical research and supported by the Leiden
University Medical Center (LUMC). Respondents were ableto
review and change their answers before submitting.

Patients and Recruitment

Members of PVNS is Pants!! were requested to participate in
our international crowdsourcing study “Evauation of
Tenosynovia Giant Cell Tumor on daily living” (Multimedia
Appendix 2). At the time of writing (December, 2016), this
closed Facebook community contained 2179 members. A
patient-friendly TGCT-research-rel ated message was posted in
the Facebook community every 4 weeks to encourage TGCT
patientsto complete the questionnaire. Additional study updates
and easily understandable information on TGCT were posted
on the page of anewly designed TGCT study Facebook account
[11].

All members of the Facebook community had access to the
guestionnaire. Solely patients with TGCT diagnosis were
requested to participate in this study. To achieve a higher level
of evidence, confirmation of TGCT (histological or radiological)
was requested after completing the questionnaire. Sending
(anonymized) medical reports to our protected email account
was highly desirable but | eft to the discretion of the participant.

Members of Facebook community PVNS is Pants!! have been
notified that (research-minded) doctors are members of this
closed Facebook community for several years. Participation in
this study was voluntary, and no incentives were offered.
Informed consent was given by completing the survey. This
study was approved by the Institutional Review Board (CME)
from our ingtitution (registration number P16.232, December
5, 2016).

Unique site visitors were determined by Internet protocol (1P)
addresses. When duplicate entrieswere detected, the most recent
one was included in the analyses. All password-protected
documentswereonly accessibleto TGCT researchers and saved
on the secured departmental drive of our hospital. Data of
participants were anonymized when medical proof wasreceived
or when the participant did not respond to our third request for
medical confirmation. To ascertain TGCT diagnosisand TGCT
type, all medical reports were verified by 2 TGCT researchers
(MJLM, RP). When in disagreement, medical reports were
checked by the senior orthopedic surgeon (MAJS) for final
conclusion.
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Questionnaire

On the very active Facebook community PVNS is Pantsl!,
several patient-initiated questionnaires and polls were
performed, for instance, about treatments, coping strategies,
daily limitations, and emotional struggles. Members expressed
their desirefor studies regarding these topics, sincethe mgjority
of TGCT studiesconcern physical function and recurrent disease
as outcome parameters. Therefore, aWeb-based questionnaire,
using mostly vaidated questionnaires, was composed to describe
impact of TGCT on health-related outcome and daily living
from a patient perspective. A prerequisite was that the
guestionnaire would be relevant for the heterogeneous TGCT
population: for different large joints, different ages, males or
females, localized or diffuse type, and for patients at different
treatment stages.

To assess relevance and completeness of our questionnaire, a
pilot test with the composed questionnaire was performed. One
dedicated orthopedic oncologic surgeon (MAJS), 2 medical
doctors (MJLM, RP), and 5 TGCT patients in our outpatient
clinic, al fluent in written and spoken English language, tested
the e-survey. Validated questionnaires were used as published
by the owners. After the pilot test, afew nonvalidated questions
were added or rephrased (Multimedia Appendix 3).

Nonvalidated questions concerned patient and tumor
characteristics, medical history, TGCT symptoms, performed
treatments, recurrences, employment status, sports, and number
of visits to general practitioner and orthopedic surgeon. The
majority of questions had amultiple-choice character, including
anot applicable or other answer option. The exact number of
nonvalidated questions depended on given answers. For instance,
patients with an extensive TGCT-related history were asked
additional questions on their history, in contrast to the patients
awaiting their initial treatment.

Validated questionnaires on physical function and quality of
life included: VAS for worst pain and stiffness in the last 24
hours, PROMIS-PF items, Short Form-12 Health Survey
(SF-12), and EuroQoL EQ-5D-5L (EQ-5D-5L Descriptive
System and EQ-5D-5L VAS). A total of 32 validated questions
wereincluded. VASfor pain and stiffness was used to estimate
patient’s pain and stiffness intensity for the past 24 hours: no
pain/stiffness at all (0) and worst pain/stiffnessimaginable (10).

PROMIS-PF instruments were used to measure self-reported
capability of physical activities. In this study, short forms of
physical functioning for lower and upper extremity were used
with 5 response options. without any difficulty (5), with alittle
difficulty (4), with somedifficulty (3), with much difficulty (2),
and unableto do (1). Raw score was cal culated by summing up
the values of the response to each question and was converted
into a T score by the Assessment Center from PROMIS-PF. A
mean of a standardized T score of 50 with a standard deviation
of 10 reflects the general US population [12].

The SF-12, a generic measure of health status, functioned as a
shorter aternative for the SF-36. Number of answer options
differed per question. Physical component summary (PCS) score
and mental component summary (MCS) score were calculated.
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Similar to PROMIS-PF, the general US population had a mean
of 50 with a standard deviation of 10 [13].

The EQ-5D-5L isoneof the most commonly used generic health
status measures in the world. Its descriptive system comprises
5 dimensions of health: mobility, self-care, usual activities, pain
or discomfort, and anxiety or depression, with the following 5
levels of problems per dimension: no problems (1), dlight
problems (2), moderate problems (3), severe problems (4), and
extreme problems (5) [14]. For each participant, answers per
dimension were combined into an EQ-5D-5L health state. This
health state was converted into a single index value (so-called
utility score) for quality of life, by using the Crosswalk Index
Value Calculator version 1.0 from the EuroQoL Group [15].
Utility scores were measured on an ordinal scale of Oto 1, with
0 indicating death and 1 indicating full health [16]. Crosswalk
valuation set for US population was used for all participants,
since majority of the patients originated from the United States
(42.7% [144/377]). A specific analysis, called sensitivity
analysis, was performed using the valuation set for UK
population, the second largest patient population (20.2%
[68/337]) in this study. Scores calculated with US valuation set
were compared with scores obtained by using UK valuation set
to assess representativeness of the scores from validated
questionnaires [14] (Multimedia Appendix 4).

Statistical Analysis

NetQ automatically captured questionnaire answers into an
SPSS 23 file. Evaluation of TGCT on daily living was mainly
descriptive.

Chi-sguare tests were used to compare patient groups with and
without medical proof regarding gender (malevsfemale), TGCT
localization (knee vs other large lower extremity joints [hip,
ankle, and foot]), initial surgery (arthroscopy vs [one- or
two-staged] open synovectomy), recurrence (yes vs no), total
number of surgeries (1 surgery vs =2 surgeries), and time since
last treatment for TGCT (<1 year ago vs >1 year ago)
(Multimedia Appendix 5).

Independent t tests were used to compare the mean age at the
time of diagnosis and continuous scores of validated
questionnaires. All reported P valuesweretwo-tailed. Statistical
significance level was defined at P<.05.

Effect size, as a quantitative measure of the strength of a
phenomenon, was calculated for both PROMIS-PF and SF-12
scores in localized- and diffuse-type patients, compared with
general US population score. Effect size, or Cohend, istheratio
of difference between two means divided by the standard
deviation, expressed in standard deviation units. An effect size
between 0.2 and 0.5 is considered small, 0.5 and 0.8 medium,
and above 0.8 large [17].

The minima important difference (MID), a qudity of life
measure, represents the smallest difference or change beyond
statistical significance in an outcome measure score that would
be considered clinically relevant by the value patients place on
change. MID for EQ-5D-5L Index Scoresis estimated between
.037 and .069, based on the simul ation-based instrument-defined
MID estimates[18]. MID for PROMIS-PF was determined by
Yost et a in advanced-stage cancer patients [19]. Differences
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in T scores between 4.0 and 6.0 were considered clinical
relevant. MID for SF-12 PCS and M CS scores were calcul ated
by Diaz-Arribas et a in >450 patients with low back pain and
were stated at >3.29 for PCS and >3.77 for MCS[20].

Results

The TGCT questionnairewasinitiated by 445 participantswithin
atime frame of 6 months. For the present analysis, only fully
completed, unique questionnaires (337) were included (Figure
1). The majority of incomplete questionnaires were early
dropouts with a great lack of information and therefore
unsuitable for analysis.

Most patients were female (79.8% [269/337]) and median age
at diagnosis was 33 (interquartile range [IQR]=25-42) years.
Patients originated from 30 different countries (United States:
42.7% [144/337]; United Kingdom: 20.2% [68/337]; and the
Netherlands: 12.8% [43/337]). TGCT was typically located in
lower extremities: knee (70.9% [239/337]), hip (9.5% [32/337]),
ankle (11.0% [37/337]), and foot (3.0% [10/337]). Diffuse
TGCT wasdiagnosed in 237 of 337 (70.3%) patients (Table 1).
According to few TGCT patients with TGCT located in the
upper extremity, 12 out of 337 patients (3.6%) were excluded
for further analyses. Additionally, 26 out of 337 |lower-extremity
patients (7.7%) with unknown TGCT type were a so excluded
(Figure1). Questionnaires of 299 lower-extremity patientswith
localized or diffuse TGCT were analyzed.

Mastboom €t d

Disease Confirmation

Confirmation of TGCT was sent by 32.4% (97/299) of
lower-extremity participants. In 81% (78/97) TGCT type was
in concordance with questionnaire answer, in 16/97 (16%)
medical reports TGCT type did not match the answer and was
therefore adjusted according to the report and 3/97 (3%) patients
answered TGCT type unknown and TGCT type was added in
consistence with the report.

No important differences between patients with and without
medical proof were detected (Multimedia Appendix 5), neither
for localized or diffusetype separately. Therefore, patientswith
medical proof were considered representative for the entire
study population and additional analyses were performed for
the entire patient group.

Medical History and Tenosynovial Giant Cell Tumor
Symptoms

5/69 (7%) and 29/230 (12.6%) in localized- and diffuse-type
patients, respectively, had an autoimmune disease, mostly
diabetes mellitus type |, Hashimoto, psoriasis, and thyroid
disease. In all, 22/69 (32%) of localized-type and 70/230
(30.4%) of diffuse-type patients experienced a trauma at
TGCT-affected joint, before diagnosis; sports injuries or fall
incidents leading to a sprain or rupture. In all, 5/69 (7%) and
12/230 (5.2%) of patients in localized and diffuse TGCT had
surgery of the affected joint before TGCT diagnosis,
respectively, for example, meniscus or anterior cruciate ligament
(ACL) reconstructions. In al, 6/230 (2.6%) of diffuse-type
participants experienced both traumaand surgery before TGCT
diagnosis.

Figurel. Flowchart Tenosynovia Giant Cell Tumor (TGCT) questionnaire. Q: Questionnaires; L: Localized-TGCT; D: Diffuse-TGCT; U: Unknown-type

TGCT.
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Table 1. Patient and tumor characteristics (n=337).

Mastboom €t d

Characteristic Value
Age at time of questionnaire (years), median (IQR? 41 (32-50)
Age at time of TGCT diagnosis (years), median (IQR) 33 (25-42)
Total, N (%) 337 (100)
Gender, n (%)
Male 68 (20.2)
Female 269 (79.8)
Country of residence, n (%)
United States of America 144 (42.7)
United Kingdom 68 (20.2)
The Netherlands 43(12.8)
Australia 22 (6.5)
Canada 14 (4.2
Other 46 (13.6)
TGCTP localization, n (%)
Knee 239 (70.9)
Hip 32(9.5)
Ankle 37(11.0)
Foot 10(3.0)
Shoulder 4(1.2)
Elbow 6 (1.8)
Wrist 2(0.6)
Other® 7(22)
TGCT type, n (%)
Localized 72 (21.4)
Diffuse 237 (70.3)
Unknown 28 (8.3)

3 QR: interquartile range (25-75%).
braeT: tenosynovia giant cell tumor.
Other included multiple TGCT locations (all in lower extremity).

Table 2. Initial and current symptoms for localized and diffuse tenosynovia giant cell tumor (TGCT) (n=337).

TGCT2related symptom Localized TGCT (n=69) Diffuse TGCT (n=230)

Initial, n (%) Current, n (%) Initial, n (%) Current, n (%)
Pain 57 (83) 47 (68) 186 (80.9) 170 (73.9)
Swelling 53 (77) 29 (42) 190 (82.6) 139 (60.4)
Stiffness 38 (55) 41 (59) 128 (55.7) 148 (64.3)
Limited range of motion 38 (55) 29 (42) 140 (60.9) 149 (64.8)

3TGCT: tenosynovial giant cell tumor.

Majority of patients (92.6% [277/299]) weretreated for TGCT.
For both types, pain and swelling improved compared with
initial situation. After treatment, more patients reported stiffness
and limited range of motion (Table 2). A minority of the patients
(<6%) currently experienced additional symptoms, including
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instability, buckling, hyperextension and/or hypermobility,
clicking or locking or popping of joint, numbness, electric
shocks, tingling, dull ache, heat of the affected joint, or
hematoma.
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Treatment(s)

Most performed initial surgery was arthroscopic synovectomy
(57% [38/67] localized, 53.8% [113/210] diffuse) and open
synovectomy, one- or two-staged (39% [26/67] localized, 42.9%
[90/210Q] diffuse). In all, 5/67 (7%) localized-type and 53/210
(25.2%) diffuse-type patients had adjuvant therapies after initial
surgery, mainly radiotherapy and 90-Y ttrium. In all, 24/67 (36%)
of localized type had recurrent disease after 1.5 (range 1-6)
years, in contrast to 146/210 (69.5%) of diffuse type after 2.2
(range 1-23) years(Table 3). Additional surgery was performed
in 23/67 (34%) of localized type and 125/210 (59.5%) of diffuse
type, predominantly open synovectomy (one- or two-staged).

Impact of Tenosynovial Giant Cell Tumor on Daily
Life

Due to TGCT, 8/61 (13%) and 21/191 (11.0%) of working
population in localized and diffuse TGCT, respectively, was
currently not ableto (fully) perform their employment. Of these
patients, 4/8 (50%) localized patients and 17/21 (81%) diffuse
patients had recurrent disease. Mgjority of patients, 40/69 (58%)
of localized and 147/230 (63.9%) of diffuse type, were unable
to perform sport activities. In these patients, recurrent disease
presented in 15/40 (38%) of localized type and 94/147 (63.9%)
of diffusetype. Disease burden was estimated by mean number
of visits to general practitioner (5.6 [range 1-50] visits for
localized type, 7.1 [range 1-60] visits for diffuse type), and

Mastboom €t d

orthopedic surgeon (8.3 [range 1-97] visits for localized type,
11.9 [range 1-100] visits for diffuse type).

Results of validated questionnaires are shown in Table 4
(localized vs diffuse type), Table 5 (localized type), and Table
6 (diffusetype). Results with positive association are described
in the text.

Wor st Pain and Stiffnessin Last 24 Hours: Visual
Analog Scale Score

For localized type, best VAS pain score was 2.76 and VAS
stiffness score was 2.80. In diffuse type, best scores for pain
and stiffness were 3.04 and 3.08, respectively. Patients with
recurrence of TGCT had deteriorated VAS score for pain and
stiffness (P=.01 localized type and P<.001 diffuse type). In
localized type, patients with =2 surgeries had higher VAS score
for pain (P=.02) and stiffness (P=.01).

Patient-Reported Outcomes M easurements
Information System-Physical Function: T Score

All TGCT patients had clinically relevant impaired T scores
(44.5 and 41.3 for localized and diffuse type, respectively)
compared with the general US population (T score of 50).
Corresponding effect size was medium for localized type
(d=0.55) and large for diffuse type (d=0.87). When comparing
both types, diffuse-type patients scored lower (P<.001). In
localized type, female patients scored lower (P=.04).
Diffuse-type recurrent patients had decreased scores (P=.02).

Table 3. Treatment characteristics of 277 treated tenosynovial giant cell tumor (TGCT) patients.

Treatment

Localized-TGCT?(n=67)  Diffuse TGCT (n=210)

Initial surgery, n (%)
Arthroscopic synovectomy
Open synovectomy (one- or two-staged)
Combined arthroscopic/open synovectomy
Total joint replacement/(tumor) prosthesis
Amputation

Adjuvant therapy, n (%)
Radiotherapy
90-Yttrium
Systemic
Other®

Recurrent disease, n (%)

Additional surgery, n (%)
Arthroscopic synovectomy
Open synovectomy (one- or two-staged)
Combined arthroscopic/open synovectomy
Total joint replacement/(tumor) prosthesis

Amputation

38(57) 113 (53.8)
26 (39) 90 (42.9)
3(4) 0(0.0)
0(0) 5(2.4)
0(0) 2(1.0)
5(7) 53(25.2)
4(6) 18 (8.6)
1(1) 14(6.7)
0(0) 15(7.1)
0(0) 6(2.9)
24.(36) 146 (69.5)
23(34) 125 (59.5)
7 (10) 32(15.2)
10 (15) 74 (35.2)
1(1) 4(19
2(3) 12 (5.7)
3(4) 3(1.4)

3TGCT: tenosynovial giant cell tumor.

bother adjuvant therapies were cryosurgery, burning tools, steroid injections, or combination of multiple adjuvant therapies.
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Table 4. Risk factor comparison of 69 localized versus 230 diffuse tenosynovia giant cell tumor (TGCT) of lower extremities.
TGCT®  Worst painVAS? Worst stiffness  proMmIS-PFC T score,  SF-128, PCS' score, SF-12, MCS? score, EQ-5D-5L DS"
type  score, O best VASscore 0 50 (SD 10), MIDY  Mean 50 (SD 10), MID  mean 50 (SD 10), MID  utility score, 0
score and 10 best score and 10 4.0-6.0 >3.29 >3.77 death and 1 full
worst score worst score health, MID
.037-.069
Mean Pvalue Mean Pvdue Mean d' Pvaue Mean d Pvalue Mean d Pvalue Mean Pvalue
Localized 3.36 .24 3.46 14 44.5 0.55 <.001 40.5 0.95 .08 475 0.25 .40 0.76 .03
Diffuse 3.79 4.01 41.3 0.87 38.1 1.19 46.3 0.38 0.72

3TGCT: tenosynovia giant cell tumor.
bVAS: Visua Anal og Scale.

°PROMIS-PF: Patient-Reported Outcomes Measurement |nformation System-Physical Function.
dMID: minimal i mportant difference representsthe smallest difference or change beyond statistical significance in an outcome measure score that would

be considered important by the value patients place on change ref [18-20].
€SF: Short-Form.

frcs: physical component summary.

9MCS: mental component summary.

PDS: descri ptive system.

id: Cohen d or effect size, ratio of difference between 2 means divided by the standard deviation.

Short Form-12 Health Survey: Physical and Mental
Component Summary Score

In comparison with general US population (score of 50), both
types had impaired PCS (40.5 localized and 38.1 diffuse type)
and MSC scores (47.5 localized and 46.3 diffuse type). In all
patients in al compared groups, PCS score was clinically
relevant declined, in contrast to MCS score which did not
transcend the MID threshold in majority of patient groups. A
large effect size was calculated for mean PCS scores (0.95 and
1.19for localized and diffuse type, respectively) and amedium
effect size (0.25 and 0.38 for localized and diffuse type,
respectively) for MCS scores. In localized type, higher number
of surgeries (=2) affected PCS score negatively (P=.03).
Localized- and diffuse-type patients who underwent treatment
for TGCT <1 year ago, showed lower PCS score (P=.04
localized, P=.01 diffuse). In diffuse type, female patients
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demonstrated adecreased MCS score (P=.04), aswell aspatients
with recurrence of TGCT (P=.04).

EuroQoL 5Dimensions5 L evelsHealth Questionnaire:
Index Value

All patients, in all groups (Tables 4-6), presented declined
EQ5D-5L utility scores compared with full health (1), and all
scores transcended MID threshold. Overall, utility score was
lower in diffuse patients compared with localized patients
(P=.03). Inlocalized type, participants with recurrence of TGCT
and >2 surgeries scored lower (P=.01 and P=.02, respectively).
Similarly, diffuse patients with recurrence had decreased scores
(P=.02). Median health question VA S scorewas 75 (IQR 65-85)
for localized and 75 (IQR 56.5-85) for diffuse type. No
differences between scores cal culated with US and UK valuation
setswere detected in sensitivity analysis (Multimedia Appendix
4).
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Table 5. Risk factor comparison of 69 localized tenosynovial giant cell tumor (TGCT) of lower extremities.

Risk-factors Worst pain VAS? Worst stiffness  promisPFP T sF-129 pcs® sF12, Mcs' EQ-5D-5L DSY
score, 0 best VAS score, 0 score, mean 50  score, mean 50  score, mean50  utility score, 0
scoreand 10 bestscoreand 10 o 4 \ype (SD10),MID (SD10),MID  deathand 1 full
worst score worst score 4060 >3.29 >3.77 health, MID

.037-.069

Score Pvalue Score Pvadue Score Pvaue Score Pvaue Score Pvaue Score Pvaue

Gender
Male (n=14) 2.93 0.53 3.29 .79 485 .04 43.3 .23 49.4 42 .81 .18
Female (n=55) 3.47 351 435 39.8 47.0 75

Age of diagnosis
<35 years (n=36) 3.36 .997 3.39 .82 441 .63 40.1 74 454 .07 .76 .95
>35 years (n=33) 3.36 355 450 409 498 77

TGCT localization

Knee (n=53) 3.04 .08 3.13 .07 44.2 .57 41.0 43 47.2 .63 a7 41
Hip, ankle, foot, other 4.44 4.56 455 38.8 48.6 74
(n=16)
Initial surgery
Arthroscopy (n=38) 345 58 326 .63 42 52 407 .96 472 73 76 92
Open surgery" (n=26) 3.04 362 456 4038 48.0 77
Recurrence
Yes (n=24) 4.50 .01 4.71 .01 42.8 .20 38.3 17 45.7 27 .70 .01
No (n=45) 2.76 2.80 454 417 485 .80

Total no. of surgeries
1 surgery (n=44) 277 .02 286 .01 454 20 422 03 484 .19 79 02
>2 surgeries (n=23) 448 4.65 426 36.7 450 71

Last treatment for TGCT
<1 year ago (n=31) 3.77 .26 381 .38 424 .06 37.6 .04 46.0 34 74 .29
>1 year ago (n=36) 3.00 3.19 46.1 426 483 78

3/AS: Visual Analog Scale.
BPROMIS-PF: Pati ent-Reported Outcomes Measurement | nformation System-Physical Function.

“MID: minimal important difference representsthe smallest difference or change beyond statistical significance in an outcome measure score that would
be considered important by the value patients place on change ref [18-20].

dSF: Short-Form.

€PCS: physical component summary.
*MCS: mental component summary.
9DS: descriptive system.

Rone- or two staged open synovectomy.
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Table 6. Risk factor comparison of 230 diffuse tenosynovial giant cell tumor (TGCT) of lower extremities.

Risk factors Worst pain VAS? Worst stiffness  promisPFP T sF-129 pcs® sF12, Mcs' EQ-5D-5L DSY
score, 0 best VAS score, 0 score, mean 50  score, mean 50  score, mean50  utility score, 0
scoreand 10 bestscoreand 10 o 4 \ype (SD10),MID (SD10),MID  deathand 1 full
worst score worst score 20-6.0 >3.29 >3.77 health, MID

.037-.069
Score Pvalue Score Pvaue Score Pvalue Score Pvalue Score Pvalue Score  Pvalue
Gender
Male (n=51) 3.63 .70 4.13 71 42.2 .23 39.9 A1 49.0 .04 75 A7
Female (n=179) 3.84 3.98 41.0 375 45.6 71
Age of diagnosis
<35 years (n=119) 3.70 .58 3.74 .09 421 .07 39.2 .07 46.9 .38 73 22
235 years (n=109) 3.89 432 404 36.8 456 71
TGCT localization
Knee (n=170) 3.78 .93 3.92 .07 41.6 .29 38.1 .99 46.3 .98 .73 .40
Hip, ankle, foot, other 3.82 4.55 40.5 38.1 46.3 71
(n=60)
Initial surgery
Arthroscopy (n=113) 3.93 .82 4.19 .64 41.6 .66 38.3 .86 45.6 .64 73 .25
Open surgery” (n=100) 384 4.01 412 38.0 46.4 70
Recurrence
Yes (n=146) 4.23 <.001 4.55 <.001 40.5 .02 37.7 .49 451 .04 .70 .02
No (n=84) 3.04 3.08 427 38.7 48.2 75
Total no. of surgeries
1 surgery (n=86) 3.79 .69 3.74 .09 42.0 .20 38.7 A48 46.1 .89 73 44
>2 surgeries (n=124) 3.9 4.38 40.8 37.7 46.3 71
Last treatment for TGCT
<lyear (n=72) 4.10 37 4.35 37 404 17 354 .01 45.6 .59 .70 A7
>1 year ago (n=138) 3.76 4.00 418 395 465 73

3/AS: Visual Analog Scale.

bPROMIS-PF: Patient- Reported Outcomes Measurement Information System-Physical Function.
°MID: minimal important difference represents the smallest difference or change beyond statistical significancein an outcome measure score that would

be considered important by the value patients place on change ref [18-20].

dSF: Short-Form.

€PCS: physical component summary.
fMCS: mental component summary.
9DS: descriptive system.

"one- or two staged open synovectomy.

Discussion

Principal Findings

The name of the largest online community of patients with
TGCT, PVNSispants!!, suggestsimpact on quality of life. One
of the community members motivated the name: “Pants is
British slang for crap or garbage.” To date, it is unknown what
the effect of TGCT on daily living is. A questionnaire was
composed in consultation with TGCT patients to determine
functional, socioeconomic, and health burden for TGCT patients.
Weintended to evaluate TGCT in the real world and concluded
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that TGCTs have alarge impact on daily living, with declined
health-related quality of life and limitations in daily activities,
sports, work, and hobbies: especially the diffuse type of lower
extremities and recurrent disease including multiple surgeries.

Limitations

The most important limitation to this study is selection bias. By
using crowdsourcing to gather data, it islikely to have ahigher
number of patients with severe or recurrent diseases [21].
Consequently, when extrapolating these results to generally
described populations of TGCT patientsin literature, care should
be taken not to overestimate the decreased physical function
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and additional socioeconomic limitations. TGCT usually affects
young adults. Since younger patients are more likely to be on
the World Wide Web, and our included patient population had
amedian age of 33 (25-42) years at time of diagnosis, aso in
concordance with the WHO classification [1,2] and Mastboom
et a [3], we considered our participants representative for the
heterogeneous disease TGCT. Additionally, the CHERRIES
was completed. Thischecklist provides an understanding of the
sample (self-)selection and its possible differences from a
representative sample [10] (Multimedia Appendix 1). An
additional limitation to this study is that patients in different
stages of different treatments were included. To assess
comparability within study population, we compared patients
who had treatment less than ayear ago with performed treatment
over a year ago. No positive associations were discovered,
except for the SF-12 PCS score in both types. This underlines
the postoperative limitations during the first year of follow-up
after treatment. As we set out to evaluate impact of TGCT on
daily living in the real world heterogeneous TGCT population,
the inclusion of patients in different treatment stages matched
intention of our study. Furthermore, a known disadvantage of
quality of life questionnaires (eg, SF-12) isthe generalizability
of the questions. Impaired overall quality of life could be
attributed to TGCT but also to additional physical abnormalities
or psychological problems. Also questionnaires may be
completed by patients that have been ill-informed on their
disease. In all, 28 patients filled out unknown type of TGCT,
and 16% of patients who confirmed TGCT with medical proof
filled out localized TGCT instead of diffuse TGCT or viceversa
Undeniably, differentiating in localized and diffuse TGCT is
challenging even for (un)specialized physicians. Therelatively
high recurrence rate in this study could also be reflected by
unawareness of disease specifics. Recurrence ratesin our study
were 36% and 70% for localized and diffuse type, compared
with on average 4% to 6% (up to amaximum of 50%) and 14%
to 40% (up to amaximum of 92%) according to van der Heijden
et a [6], respectively. It is conceivable that residual disease or
clinical symptoms were filled out as recurrent disease.

The use of self-reported questionnaires harbors the risk of
incorrectly answered questions. One could arguethat all patients
should have been analyzed together, not subdividing into
localized and diffuse type. However, differences between two
typesare major, and therefore separate analyses were necessary
for arealistic view of impact of TGCT on daily living.

Crowdsourcing

The presumed definition of crowdsourcing is the practice of
obtaining services, ideas, or content by collecting contributions
from a comprehensive group from an online community rather
than from traditional data suppliers [9]. However, the exact
definition for crowdsourcing remains controversial, as 40
definitions originating from 32 unique articles, published
between 2006 and 2011, were described by Estellés-Arolas[22].
It is therefore challenging to well define crowdsourcing
coherently. After analyses of the 40 (sometimes contrasting)
definitions, 8 characteristics common to any given
crowdsourcing initiative were found: the crowd, the task at
hand, the recompense obtained, the crowdsourcer or initiator
of the crowdsourcing activity, what is obtained by them
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following the crowdsourcing process, the type of process, the
call to participate, and the medium. First, in our study, the crowd
is presented by patients with TGCT (preferably confirmed by
medical reports). Second, the task at hand is completing a
guestionnaire about the effect of TGCT on daily living. Third,
participating in this study was voluntary, therefore no
recompenses were offered. Fourth, the initiators of this study
are members of the Facebook group PVNS is Pants!!
accompanied with the executors, known as the authors of this
paper. Fifth, the researchers and subsequently the participants
and TGCT patients gain more knowledge on the impact of
TGCT ondaily living. Sixth, thetype of processisan evaluation
process, aiming to evaluate effect of TGCT on daily living.
Seventh, all patients with TGCT, fluent in English language,
wereinvited to complete the questionnaire. Lastly, the medium
Facebook was used to broadcast the questionnaire.

Facebook is the best applicable social network site for survey
research, because it is continuously growing, internationally
known and exceeds 2 billion users globally (June 2017). The
Facebook community PVNS is Pants!!, created in 2009, is the
largest TGCT online support group and mainly consists citizens
of the United States. On this very active, closed Facebook
community, patients are daily updating experiences on their
disease, ask for advicefrom fellow TGCT patients, and comment
on other posts to provide their knowledge or sympathy. By
actively posting and commenting on research proposals, patients
expressed their willingnessto participate in research on TGCT.
From these posts, we learned that adequate patient information
on TGCT is lacking. Our crowdsourcing study stimulated
patients involvement in research and was an opportunity to
align research questionswith the public’'sinterest [23,24]. TGCT
is arare disease and time to definitive diagnosis is prolonged
due to unspecific symptoms and unfamiliarity of the disease
[5]. A challenge in studying a rare disease is the lack of big
data. Crowdsourcing is an effective and low-cost aternative to
traditional methods of participant recruitment due to the
possibility to reach large groups of individuals in a relatively
short time frame [25]. Van der Heijden et a [9] concluded that
crowdsourcing is a promising way for evaluation of rare
diseases. Czajka et al [21] used crowdsourcing to efficiently
recruit aglobal cohort and isthe largest study on patients with
multiple hereditary exostoses. Crosier et al [26] used Facebook
to recruit patients with auditory hallucinations; within 6 weeks,
over 250 patients had completed this survey. Pohlig et a [27]
concluded that enrollment of patients in prospective studiesis
time-consuming and could be facilitated by use of
crowdsourcing.

To obtain a higher level of scientific value, patients were
requested for medical proof to ascertain TGCT diagnosis. To
our knowledge, no other crowdsourcing studies considered
disease confirmation. Patient data and outcome for validated
guestionnaires were comparable for patients with and without
medical proof. Patients were not uniformly diagnosed and
treated as they originated from 30 different countries globally.
Neither was distinguished between treatment in peripheral or
tertiary referral centers. Nevertheless, we consider our study
group areflection of the current worldwide situation and believe
that declined impact on daily living isclinically relevant for all
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patients. In contrast to malignant diseases, survival ratesare not
of interest for TGCT with its benign character. According to
high recurrence rates, quality of life (prior and after treatment)
is essential to evaluate.

Patient-Reported Outcome M easures

Patient reported outcome measures (PROMS) are increasingly
used in health policy, patient-centered care, and shared clinical
decision making [28]. In the era of personalized medicine,
patient involvement isincreasing in shared decision making for
different treatment strategies with functional outcome and
quality of life. In our study, members of thelargest online TGCT
community were involved in establishing the questionnaire
Evaluation of TGCT on daily living.

Functional outcome and health-related quality of life are only
spars reported for TGCT. Four studies have reported on
standardized PROM S[4,9,29,30]. Currently, validated PROMS
for TGCT patients do not exist. In accordance with Gelhorn et
a [4], VAS for worst pain and stiffness and PROMIS-PF
guestionnaireswere used. Conform van der Heijden et a [9,29]
and Verspoor et a [30], the SF-12, a qudlity of life
guestionnaire, was included, known as the shorter version of
the SF-36. One study identified a high health care burden with
asignificant increasein health care costs, ambulatory costs, and
physical therapy in 9328 TGCT patients[8].

In benign diseases, including TGCT, death is not an outcome
variable. Besides tumor reduction, critical endpoint measures
areclinical relevance and impact of treatment. Currently, clinical
TGCT studieslack specific and validated PROMs to document
treatment-induced symptomatic, functional, and economic (back
towork) improvement [31]. To obtain an impression of physical
function and quality of lifein TGCT patients, participants in
our study were requested to complete different validated
guestionnaires. In our experience, PROM I S-PF was most useful
in determining these functional factors. To minimize the
multitude of questions and include the most important
components for clinical TGCT studies, we would propose a
combination of PROMIS-PF and a short quality of life
guestionnaire, for instance EQ5DSL, in clinical practice.

Risk Factorsfor Deteriorated Outcome

Risk factors for deteriorated outcome in our study were
diffuse-type TGCT, recurrent disease, and >2 surgeries
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performed. Thisisin concordance with current literature on risk
factorsfor ahigh recurrencerate. According to the necessity of
mutilating surgeries to treat recurrences, we considered risk
factors for recurrent disease comparable to risk factors for
deteriorated outcome.

Higher recurrenceratein diffuse TGCT compared with localized
TGCT isexuberant described [2,5-7,30,32-34]. Brunset al [34]
described 173 patients treated in 10 orthopedic departmentsin
Germany and Austria and reported higher recurrence rates in
institutions treating less than 20 cases for TGCT, in diffuse
diseasg, in the hip joint and after arthroscopy. Schwartz et al
[35] described 99 patients with TGCT in the knee, hip, elbow,
or shoulder. They concluded that localization in the knee,
previous surgical procedures, and incomplete synovectomy
were related significantly to higher number of subsequent
recurrences. On the basis of current literature and to investigate
possible risk factors for recurrent disease thoroughly, gender,
age at time of diagnosis, TGCT localization, initial surgery,
presence of recurrence, total number of surgeries, and time since
last treatment for TGCT, were compared.

Conclusions

TGCTshave mgjor impact ondaily living in arelatively young,
working population (median age at diagnosis, 33 years).
Majority of symptoms improve after treatment, however,
symptomsremainin about half of the TGCT patients; especially
in patientswith diffuse type, recurrent disease, and =2 surgeries.
The high recurrence rate in diffuse TGCT resultsin clinically
important deteriorated outcome in physical function and
health-related quality of life. In preventing recurrent disease,
and its deteriorated outcome, an extensive mutilating surgery
might be necessary. Physicians should be aware that TGCT
patients frequently experience symptoms and limitations in
daily lifeand societal participation (work, sports, and hobbies),
even after treatment(s). We deem it important for future research
to evaluate treatment, including its effectiveness on improving
quality of daily living. With this study, we hope to increase
knowledge on TGCT among treating physicians, highlight the
importance of quality of life, and to offer research-based
information to patients.
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Data reporting guidelines, checklist for reporting results of internet E-Surveys (CHERRIES).
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Multimedia Appendix 3
Questions e-survey "Evaluation of TGCT on daily living".
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Multimedia Appendix 4
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Abstract

Background: Asthe onset of osteoporosis|eads to reduced activities of daily living and may result in patients being bedridden,
efforts to prevent decreased bone density are necessary. Various studies on the relationship between sex, age, nutrients, and
exercise habits and bone mineral density have been conducted to date. However, for snowy region residents, the magnitude of
influence of various factors affecting bone mineral density and the influence level have not been clarified.

Objective: This study aimed to clarify the degree of influence and factors influencing bone mineral density based on survey
results on health conditions and lifestyle habits in heavy snow areas.

Methods: A total of 354 citizens who visited a drugstore in the target area were included in a study that included using the
brief-type self-administered diet history questionnaire on lifestyle and exercise habits. Height, weight, body composition, and
bone densitometer values were analyzed using multiple regression to calculate their association with bone mineral density. In
addition, a Bayesian network model was used to determine the influence level of each factor as a conditional probability.

Results: Multiple regression analysis revealed that age, sex, fracture, and calcium intake significantly influenced bone mineral
density. In addition, the result of Bayesian network analysis suggested that age and sex affected bone mineral density, whereas
nutrients and exercise habits might not have a direct impact. However, calcium intake and the T-score were significant factors
affecting the presence or absence of fracture experiences, suggesting that adequate calcium intake is essential for preventing
fractures.

Conclusions: In the multiple regression analysis, age, sex, fracture, and calcium intake were selected as factors; however, in
the Bayesian analysis, only age and sex affected bone mineral density while nutrients did not. In addition, the fact that calcium
intake and the T-score were shown to affect bone fracture history suggests that calcium intake is an important measure that can
prevent bone fractures. Overall, these results suggest that measures such as ensuring a bone fracture—free environment and
providing nutritional advice for calcium intake can be effective in preventing bone | oss.

(Interact J Med Res 2018;7(1):€10) doi:10.2196/ijmr.8555
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Introduction

Background

Thetotal population of Japan as of October 1, 2015, was127.11
million. Seniors aged 65 years and older accounted for 26.7%
(33.9 million) of the total population [1]. As the elderly
population grows, nursing care problems increase.
Approximately half of al individuals requiring nursing care
need it for reasons including “weakening due to age,” “joint
disease,” and “fracturesor falls” Seniorsare particularly prone
to fals, which occur at least once annually in approximately
20% of seniors, 5% of which result in fractures. Therefore,
fracturesand falls should be prevented in arapidly aging society
[2]. Fractures caused by osteoporosis require nursing care and
may reduce the quality of lifein severe cases due to the patient
becoming bedridden. To prevent osteoporosis, it is essential to
achieve maximum bone mass while people are still young, and
as people age, they should be mindful of their diet and exercise
habits to prevent bone loss. Therefore, lifestyle-related factors
such as nutrition, exercise, and muscle mass are believed to
affect bone density [3].

This study was conducted in lwamizawa City, located in
midwestern Hokkaido, approximately 40 km from Sapporo
City, the prefectural capital. One of its most notable
characteristics isits heavy snowfall, with a very large average
annual snowfall (337 cm), and the deepest single snowfall (133
cm) in 2011. Iwamizawa City experiences more snowfall than
Sapporo City and approximately twice or more than that in
Kushiro City and Hakodate City, making it the region with the
heaviest snowfall in Hokkaido.

In regions with heavy snowfall, residents tend to exercise less
and are highly at risk for bone fractures due to the snow- and
ice-covered roads. Another characteristic of lwamizawa City
is that daylight hours are shorter than that of other regionsin
the country. The annua amount of daylight across Japanis1978
hours compared with 1700 hours in Iwamizawa City. Humans
need ultraviolet radiation in order to synthesize most of their
vitamin D. The primary action of vitamin D is the promotion
of calcium absorption in the small intestine, and reduced vitamin
D activity inhibits cal cium absorption. Persistently low calcium
levels can impair bone calcification and reduce bone density
[4]. Inaprevious study conducted in lwamizawa City, Shimoda
et a [5] investigated the body composition and nutritional intake
of elderly residentsin regionswith heavy snowfall. They found
that the basal metabolic rate and muscle mass decreased with
age, dthough calories and nutritional intake remained sufficient,
suggesting alimited effect of diet.

Last, lwamizawa City hasahigh population aging rate at 32.4%
as of January 1, 2016; a value approximately 6% higher than
that of the whole country. Therefore, it is considered a
geographical region with many residents suspected of having
osteoporosis [6].

In earlier studies on osteoporosisin the region, Uchidaet al [7]
reported that measures preventing bone fractures areimportant

in a society with an increasing number of bedridden patients
and that maximum bone mass, which peaks between 20 and 30
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years, is greatly affected by genetics. Therefore, Uchida et a
investigated the factors affecting bone mineral density and found
that environmental factors such as lifestyle were strongly
associated with bone density. They proposed that studying the
relationship between bone density and environmental factors
such asnutrition isimportant from the standpoint of prophylactic
medicine. Todaet al [8] conducted astudy involving 654 healthy
Japanese women aged 40 to 60 years to investigate the lumbar
bone mineral density, anthropometric measurements, and 3-day
meal, and a survey was also conducted to determine the effects
of diet and physical activity on bone density, with the purpose
of preventing osteoporosis. The results showed that appropriate
exercise and a well-balanced diet were important factors in
preventing osteoporosis. However, previous studies did not
target regions with heavy snowfall nor did they provide details
on nutritional intake. In addition, they did not assess the effects
of various nutrients on bone density or whether an influence
level existed.

Objectives
This study aimed to determine how nutritional intake, lifestyle
and exercise habits, and body composition information affect

bone density in heavy snowfall/cold regions and assess the
extent of the effect on the related factors.

Methods

Participants and Data Collection

Thedataused in our study were obtained from a study conducted
by a Center of Innovation program entitled, “ Study of health
status for the purpose of health innovation in lwamizawa City.”
A total of 354 individuals (87 men and 267 women) who visited
the city drugstore participated in the study (Table 1).

M easurement

The survey activitiesincluded completing aquestionnaire related
to lifestyle and exercise habits, completing the brief,
self-administered diet history questionnaire so that daily
nutritional intake could be determined, and measuring the body
composition and bone density. In the nutrition survey, the
brief-type self-administered dietary history questionnaire
(BDHQ 58-item fixed-portion-type questionnaire) was used
[9]. The equipment used consisted of an ultrasonic calcaneus
measurement device, A-1000 EXPII (GE Hedthcare Japan),
for bone density measurementsand aWELL-SCAN 900 (Canon
Inc) for body composition measurements.

Data Analysis

Factors that largely affect bone density that were extracted as
explanatory variablesfor the study analysis were bone fracture
history; moderate exercise (such as sports or recreation that
increase the heart rate for approximately 10 minutes); calcium,
vitamin D, and cholesterol intakes per day (through meal); sex;
age; body mass index; muscle mass, and degree of obesity
(Table 2). A multiple regression analysis using bone density
(the T-score) asthe criterion variable was performed to analyze
the effects of each explanatory variable on bone density.
Statistical analyses were performed using JMP Pro version
12.2.0 (SAS Institute Inc).
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Next, a Bayesian network was established to determine the
influence level between bone density and each explanatory
variable. It is a means of expressing the influence level of a
target event asagraph model. Bayesian networks are expressed
as noncircular directed graphs with directionality linksthat are
interpreted as the direction of the causes and effects of events.
The influence level between events is obtained by the
conditional probability of a linked root event. Conditional
probability is generally expressed as P(A|B) and represents the
probability of event A occurring given that event B has occurred.
A Bayesian network isatechnology frequently used inthefield
of medicine. Velikova et al [10] designed a Bayesian network
model that accounts for the changes of preeclampsia, atype of
pregnancy-related disorder, for a certain period of time, and
they also proposed a system that supported decision making at
theindividual level [10-13].

Table 1. Characteristics of study population by sex and age.

Suzuki et al

In this study, a Bayesian network was established using bone
density (T-score) and explanatory variables extracted from a
multiple regression analysis. Table 3 shows the criteria for the
T-score. Theinfluencelevel between each explanatory variable
and bone density was determined, the conditional probability
(prior probability) was cal culated, and the factors affecting bone
density statuswere analyzed. In addition, asensitivity analysis,
in which the parameters of each factor were changed to obtain
the posterior probability, was performed, and the combination
with the highest probability of osteoporosis or osteopenia
occurrence was studied. The variables used in the multiple
regression analysis were also used as factors in the Bayesian
network model. The Bayesian network was established using
BAYOLINK version 7.0.0 (NTT DATA Mathematical Systems
Inc).

Characteristics n (%)

Sex
Women 267 (75.4)
Men 87 (24.6)

Age, years
20-29 12 (3.4)
30-39 26 (7.3)
40-49 24(6.8)
50-59 69 (19.5)
60-69 136 (38.4)
70-79 76 (21.5)
80+ 11 (3.1)

Table 2. Variableswith their values as used in the Baysian network model.

Factors Survey method and contents Values and ranges

Fracture Questionnaire: fracture experience No, yes

Exercise Questionnaire: medium strength sports that last 210 min No, yes

Calcium Brief-type dietary history questionnaire Adequate, slightly inadequate?, inadequate®
Vitamin D Brief-type dietary history questionnaire Adequate, slightly adequate® inadequate®
Cholesterol Brief-type dietary history questionnaire Adequate, sightly high? high®

Sex Body composition meter Female, male

Age, years Body composition meter <65, 2652

BMIC, kg/m? Body composition meter Normal (<25), obesity? (=25)

Muscle mass, kg Body composition meter

Obesity, % Body composition meter

<37.0, 37-44.9, 245.0%

Underweight (<—10), normal (10 to 10), overweight? (10 to
20), obesity? (<20)

8Risk factor.
bBMmI: body mass index.
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Table 3. Criteriafor bone density status using T-score.

Suzuki et al

Bone density status T-score

Normal —1.0 and higher
Osteopenia -1.0to-25
Osteoporosis —2.5 and lower

Figure 1. Formulas of precision, recall and F-measure.

correct possitive predictions

Precision = — — (D
positive predictions
correct positive predictions
Recall = — (2)
positive examples
2 * Precision * Recall
F — measure = (3)

Precision + Recall

Precision, recall, and F-measure were used as indicators to
evaluate the results of the Bayesian network. Precision
represents datathat match the verification value among the data
predicted as the target state by reasoning. Recall represents the
proportion of data coincident with the estimated value among
the target state in the verification data. F-measure represents
the harmonic mean of precision and recall.

Mutual information amount represents the changesin the amount
of model entropy before and after inputting the observation. As
the mutual information amount increases, the influence on bone
density, which is the objective variable, increases (Figure 1).

Ethical Consider ations

This study was conducted with the approval of the Ethics
Review Committee of the Graduate School of Health Sciences,
Hokkaido University (approva number 15-96). For subject
recruitment, we presented government-distributed public
magazines and information on research cooperation at the
drugstore where the survey was conducted. We also explained
that participation in the research was voluntary and that there
were no disadvantages in declining the participation midway,
and we obtained written consent. Data obtained were not used
for any purpose other than research and were stored carefully.

Results

Table 4 shows the participants' bone density status based on
sex, revealing that 43 men had normal bone density, 36 had
suspected osteopenia, and 8 had suspected osteoporosis, while
117 women had normal bone density, 112 had suspected
osteopenia, and 38 had suspected osteoporosis. Based on these
results, approximately half of both men and women were
healthy, and the other half were suspected to have osteopenia
or osteoporosis Table 5.

http://www.i-jmr.org/2018/1/e10/

Table 6 shows the results of multiple regression analysis. The
fewer fractures men had when they were young and the higher
their calcium intake, the higher their bone density tended to be.
Nutrition, exercise habits, and muscle mass, which have been
thought to affect bone density, were not selected for the model.

Figure 2 shows the Bayesian network in determining the
influencelevel between bone density and each associated factor.
The Bayesian network model expresses random variables as
nodes and links to nodes with probabilistic dependencies. In
the result shown in Figure 2, the T-score represents the state of
bone density depending on sex and age. The T-score also shows
its direct influence on the presence or absence of fracture. For
the value of each factor, the prior probability is shown. The
influencelevel between exercise or muscle mass and the T-score
could not be confirmed. In addition, regarding vitamin D,
athough an influence level with calcium intake was confirmed,
adirect influence level with the T-score cannot be confirmed.

Figure 3 shows a Bayesian network model limited to the effect
on bone density using variables extracted from the results of
multipleregression analysis. The T-score had an influencelevel
with sex and age and has been affected by the history of bone
fracture. In addition, an influence level between calcium intake
and age was newly discovered.

Table 7 shows the results of estimated accuracy validation of
the model, with the T-score as the criterion variable. When bone
density was normal, prediction accuracy was highest. In the
case of osteoporosis, prediction accuracy was lowest. Table 8
showsthe mutual information of each variable, with the T-score
as the criterion variable. Since the mutual information of
explanatory variable “age” isthe largest, the result that age has
the largest influence on the state of bone density was obtained.
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Table 4. Measurement results.

Characteristics Male, n Female, n Total, n

Body massindex, kg/m2

Normal (<25) 57 213 270

Obesity (225) 28 42 70
Muscle mass, kg

<37 2 180 182

37t045 28 69 97

245 55 6 61
Obesity, %

Underweight (<-10) 8 60 68

Normal (-10 to 10) 43 138 181

Overweight (10 to 20) 15 31 46

Obesity (=20) 19 26 45
Calcium

Adequate 46 141 187

Slightly inadequate 9 40 49

Inadeguate 32 77 109
Vitamin D

Adequate 84 244 328

Slightly inadequate 0 9 9

Inadequate 3 5 8
Cholesterol

Adequate 79 233 312

Slightly high 4 22 26

High 4 3 7
Fracture

Yes 17 32 49

No 65 215 280
Exercise

Yes 76 219 295

No 6 28 34

Table 5. Bone density by sex (X2=1.742, P=.418).

Bone density Male (n=87), n (%) Female (n=267), n (%)

Normal 43 (49) 117 (44.8)

Osteopenia 36 (41) 112 (41.9)

Osteoporosis 8(9) 38(14.2)
http://www.i-jmr.org/2018/1/e10/ Interact JMed Res 2018 | vol. 7 | iss. 1 |e10 | p.65
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Table 6. Result of multiple regression analysis.

Variable Regression coefficient P vaue
Age -0.67 <.001
Sex -12.44 <.001
Fracture -1.55 .009
Calcium 0.01 .027

Figure 2. Prior probability by Bayesian network.

Sex
Female 0.7514 = i
Muscle mass
Male 0.2486 Llrl_der G
<37.0kg | 05091 weight
37.0kg= | 0.3083 [ | Normal | 05197
mass<435.0kg Overweight | 0.1713
=45.0kg | 0.1826 Obesity 0.1348
T Score
Mormal 0.4392 At BMI
Oste [ 0.39396
Pp— "“'h-..._‘h‘ <6Syears | 0.4746 In RV 0.7598
Ost [ 0.1612
steoporosis <65years | 0.5254 Outof RV | 0.2402
Vitamin D
. slightly | 0.0305
Fracture inadequate
Ca
Yes 0.1734 inadequate 0.0276
slightly 0.1425
Ne 0.8266 inadequats Adequate 0.3419
Inadequats 0.2989
Adequate 0.5586
Cholesterol
Slightly 0.0888 Exercice
Overage
Yes 0.7654
Overage 0.0277
No 0.2316
Adequate 0.8835
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Figure 3. Bayesian network model of factors influencing bone density.

Suzuki et al

Ca
Slightly 0.1425 Age
inzde quate [ p— = GSyears | 0.4746
Sadcaic: | U5a0 <65years | 0.5254
Adequate 0.5586
i T Score
Fracture Sex
Normal 0.4392
Yes 0.1734 [ Female 0.7514
Osteopenia 0.39%6
No 0.8266 Male 0.2486
Osteoporosis | 0.1612
Table 7. T-score prediction accuracy.
Bone density Precision Recall F-measure
Normal 0.56 0.68 0.61
Osteopenia 0.48 0.49 0.48
Osteoporosis 0.5 0.14 0.22

Table 8. Mutual information.

Variable Mutual information

Age 0.065

Fracture 0.014

Sex 0.008

Calcium 0.002
Discussion of calcium and vitamin D in elderly men and women prevented

Multiple Regression Analysis Results

The explanatory variables sel ected for the model were age, sex,
history of bone fracture, and calcium intake, but only age and
sex were significant and are not something that an individual
can control. However, in relation to bone fracture prevention
and calcium intake, bone density can be increased by changing
one's awareness of daily lifestyle factors. According to Kubota
et a [14], who studied approaches in preventing bone fracture
and osteoporosisthrough calciumintake, one method to increase
calcium intake is to take calcium supplements or consume
calcium through food, which was proven to effectively reduce
bone fracture risk due to osteoporosis in elderly populations.
The degree to which bone density reduction can be prevented
by supplements or calcium intake must be studied in the future.

Based on the results of this study, sex and age greatly affect
bone density, and factors such asvitamin D and exercise habits,
believed to affect bone density, were not included in the
analysis. Kubota et al [14] reported that the coadministration

http://www.i-jmr.org/2018/1/e10/

RenderX

bone loss in the femoral neck and throughout the whole body.
In addition, a study by Matsubara et al [15] suggested the
possibility that the rate of bone mineral loss throughout the
whole body could be prevented in menopausal women.
Therefore, physical exercise and nutrients such as vitamin D
must be incorporated into the model, and the results obtained
in the analysis must be considered.

Bayesian Network Analysis Results

Theinfluence level between each factor was determined based
on the results obtained through Bayesian network analysis,
which are shown in Figures 2 and 3. These results showed that
only age and sex affected bone density, and calcium intake and
the T-score affected the occurrence of bone fractures, however,
calcium intake was the most important measure that can be
implemented to prevent bone fractures.

A sensitivity analysis performed on the prior probability
obtained in the Bayesian network analysis reveal ed that several
factors contributed to the highest probability of developing
osteoporosis and osteopenia, as shown in Figures 4 and 5.
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Figure 4. The combination with the highest probability of osteoporosis.

Ca
Slightly 0 Age
inadeq.lats __ g Eswars 1.0
Inadequate 0 < 65years 0
Adequate 1.0
w
T Score
Fracture Sex
MNormal 0.1745
Yes 1.0 % Female 1.0
Osteopenia 0.2856
No 0 Male 0
Osteoporosis | 0.5399
Figure 5. The combination with the highest probability of osteopenia.
Ca
Slightly 0 Age
iﬂadﬁﬂﬂts — = GS\"EHH l_n
Inadequate 1.0 = 65years 0
Adequate 0
v
T Score
Fracture Sex
MNormal 0.1959
Yes 1.0 Female 0
Osteopenia 0.6634
Mo 0 Male 1.0
Osteoporosis | 0.1407
Figure 6. Posterior probability of calcium and T-score in the absence of fracture experience.
Ca
Slightly 0.1479 Age
inzde quats >65years | 0.4754
Inadequats 0.283 6
Adequate | 0.5691 S65years | 0.5254
T Score
Fracture Sex
Normal 0.4638
Yes 0 % Female 0.7514
Osteopenia 0.3969
Mo 1.0 Male 0.2486
Ostecporosis | 0.1393

The combination with the highest probability to develop probability). The combination with the highest probability to
osteoporosis consisted of women aged 65 years and older with  develop osteopenia consisted of men aged 65 years and older
appropriate calcium intake and history of bone fracture, with  with insufficient calcium intake and history of bone fracture,
the posterior probability of 0.5399 (3.35 times the prior with the posterior probability of 0.6634 (1.66 times the prior
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probability). Both results showed that the posterior probability
increased when an individual had a history of bone fracture and
was aged 65 years or older. However, in terms of sex
differences, the results suggested that women had a higher
probability of developing osteoporosiswhile men had a higher
probability of devel oping osteopenia. In addition, the probability
of devel oping osteopeniais suspected to increase when calcium
intake is insufficient, as shown in Figure 5. Therefore,
particularly in men aged 65 years and older, bone loss can be
prevented by a periodic examination of calcium intake and
providing nutritional advice.

The mutual information in Table 8 shows that age has the
highest level of effect on bone density, followed by bonefracture
history, sex, and calcium intake. Age and sex are uncontrollable
factors. However, because bone fracture history and calcium
intake can be controlled, bone loss can be prevented through
measures such as ensuring a safe environment in which bone
fracture does not occur and providing nutritional advice,
including calcium intake.

Bayesian networks are al so believed to be useful in establishing
health care policies in the region by changing the posterior
probability of each factor in the Bayesian network model and
obtaining the factors associated with those changes. Miyauchi
et al [16,17] established a Bayesian network using the results
of aspecific medical checkup and created an evaluation system
for the specified medical checkup focusing on lifestyle-related
diseases such asmetabolic syndrome. Asan example, aBayesian
network for the response “1 have no history of bone fracture”
is shown in Figure 6, with age and sex distributions set to the
same conditions asin Figure 3, and the changesin the posterior
probabilities are shown in Tables 9 and 10. Factors affecting
bone fracture history are calcium intake and T-score. The
percentage of individuals deficient in calcium intake should be
decreased by 0.54%, and the percentage of persons with
appropriate calcium intake must increase by 1.05%. The
percentage of individuals within the appropriate T-score range
must also increase by 2.46%, those with osteopenia must
decrease by 0.27%, and those with osteoporosis must decrease
by 2.19%. These methods are believed to be useful indicesin
establishing health care policiesin the region.

Suzuki et al

Limitations and Future Research Directions

This study has some limitations. First, itsreliability is possibly
low because data on lifestyle and exercise habits were
self-reported. To address this, an activity meter must be
distributed to the participants to determine whether exercise
was performed definitively. In addition, for items related to
exercisein thissurvey, moderate exercise was defined as* sports
or recreation that increases the heart rate for approximately 10
minutes.” However, the frequency and duration of exercise that
effectively prevented bone loss are presently unknown. In the
future, a more detailed survey must be conducted to determine
the appropriate frequency and duration of exercise required to
prevent bone loss.

Another limitation was the possibility that the amount of data
for our study results was relatively small. In a cohort study
conducted in Hisayama, Yoshida et a [18] analyzed data of
1550 participants aged 65 years and ol der to determinethe cause
of functional impairment in the elderly people. Kishimoto et al
[19] conducted a study on 803 patients to determine their risk
of cognitive impairment. Similarly, by continuing our study to
gather more data for analysis, we believe that the analytical
accuracy of our study can be improved. Table 7 shows the
estimated accuracy of osteoporosis, in particular, to be greatly
reduced. Thisreduction inaccuracy resulted from asmall sample
sizesince only 46 individuals had osteoporosis out of 354 study
participants. In order to collect more data, more residents should
participatein the study through proactive activitiesin the region
such as establishing a mechanism where participants can see a
personal benefit in participating. In addition, an environment
that is easily accessible for residents to participate and want to
participate should be established such as providing them with
incentives for study participation.

In this study, we conducted a survey on customers who came
to the drugstore. Therefore, we think that the health condition
of customers based on this drugstore may have an impact on
the survey results. In the future, public facilities should be used
as a survey site, and surveys should be conducted in a wide
range of participants. This study covered a heavily snowy area,
and many western residents have restricted activities. In
addition, the arable land area ratio (arable land arealtotal land
area) of the city is 41.2%, with many residents involved in
agriculture.

Table 9. Changesin the posterior probability of calcium in the absence of fracture experience.

Calcium Prior probability Posterior probability Variation (%)
Inadequate 0.30 0.28 -1.59
Slightly inadequate 0.14 0.15 0.54
Adequate 0.56 0.57 -1.05

Table 10. Changesin posterior probability of T-score in the absence of fracture experience.

T-score Prior probability Posterior probability Variation (%)
Normal 0.44 0.46 2.46
Osteopenia 04 0.40 0.27
Osteoporosis 0.16 0.14 219

http://www.i-jmr.org/2018/1/e10/

Interact JMed Res 2018 | vol. 7 | iss. 1 |e10 | p.69
(page number not for citation purposes)


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

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

However, as farm work is limited during winter season
compared with summer season, opportunitiesto move the body
are expectedly reduced [19].

In this study, since the survey was conducted in winter,
comparison with the summer season has not been done.
Therefore, theinfluencing factors on the health condition should
be analyzed by collecting datain summer and comparing it with
the data obtained in winter.

Conclusion

Based on the multiple regression analysis results, age, sex,
history of bone fracture, and calcium intake were selected as

Suzuki et al

models, but the effects of other nutrients and exercise were not
assessed. In the Bayesian analysisresults, age and sex were the
only factorsthat affected bone density; nutrients or exercisedid
not have an effect. However, the fact that calcium intake and
T-scorewere shown to affect bone fracture history suggeststhat
calcium intake is an important measure to prevent bone
fractures. Overall, these results suggest that measures such as
ensuring a safe environment to prevent bone fractures and
providing nutritional advice for calcium intake are effectivein
preventing bone | oss.
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Abstract

Background: Genetic sequencing is critically important to diagnostic health care effortsin the United States today, yet it is till
inaccessible to many. Meanwhile, the internet and social networking have made crowdfunding a realistic avenue for individuals
and groups hoping to fund medical and research causes, including patients in need of whole exome genetic sequencing (WES).

Objective:  Amplify Hope is an educationa program designed to investigate what factors affect the success of medical
crowdfunding campaigns. We conducted a needs assessment, a series of 25 interviews concerning crowdfunding, and provided
training on best practicesidentified through our assessment for 11 individual s hoping to run their medical crowdfunding campaigns
to raise money for patients to access trio WES to identify the mutated proteins that caused their apparent inherited disease.

Methods: The crowdfunding education was given in a 30-day training period with resources such as webinars, fact sheets and
a crowdfunding training guide emailed to each participant. All campaigns were launched on the same date and were given 30
days to raise the same goal amount of US $5000. Reviewing the 4 crowdfunding campaigns that raised the goal amount within
the 30-day period, we sought to identify features that made the 4 crowdfunding campaigns successful. In addition, we sought to
assess which factors the resulting 75 donors report asinfluencing their decision to donate to a campaign. Finally, we investigated
whether crowdfunding campaigns for exome sequencing had an impact on increasing applicant’s and donors’ knowledge of
genomics.

Results: Of the 86 study inquiries, 11 participants submitted the required forms and launched their crowdfunding campaigns.
A total of 4 of the 11 campaigns raised their goal amounts within 30 days.

Conclusions: We found that social mediaplayed animportant rolein all campaigns. Specifically, astrong social media network,
an active outreach process to networks, aswell as engagement within the study all correlated with a higher successrate. Amplify
Hope donors were more likely to support projects that were near their fundraising goals, and they found video far more effective
for learning about genomics than any other medium.

(Interact I Med Res 2018;7(1):€3) doi:10.2196/ijmr.7176

KEYWORDS

surveys and questionnaires; patient empowerment; fund raising; benchmarking; internet; genetic testing; molecular diagnostic
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Introduction

Geneticsin Society

DNA sequencing is at the forefront of many cutting-edge
research and treatment programs, especially for genetic diseases.
Thediagnostic yield of whole exome genetic sequencing (WES)
is reported to be 25% to 34% for children with undiagnosed
genetic disease [1-3]. WES reduces the amount of time needed
to reach adiagnosis compared with the current standard of care
[1], and it has the advantage of being able to identify novel
mutations [2]. Genetic sequencing also plays a central rolein
the implementation of personalized medicine, an increasingly
important priority in our society. The Precision Medicine
Initiative introduced by President Obama in 2015 aims to
accelerate research efforts by enhancing data access and
collaborations between researchers, doctors, and patients; akey
component of the project includes genetic sequencing. In another
nationwideinitiative, the PrecisionFDA Consistency Challenge
works to improve personalized care by achieving more
consistent resultsin genetic tests.

Advances in genetic sequencing technology have substantially
reduced its cost, making it more accessible to patients and
researchers. Lessthan 20 years ago, sequencing the entire human
genome cost billions of dollars, but today, the cost to sequence
the most relevant parts of the genome and provide information
asaclinical test optionisin the thousands[4]. WES has become
the gold standard of advanced genetic testing to determine the
underlying cause of a patient’s undiagnosed illness. Majority
of inherited diseases identified to date result from mutated
proteins [5], and WES is the sequencing of the complete
protein-coding regions (exome) of the human genome [6].

Although the cost to sequence a genome has been substantially
reduced, it is still unaffordable for many patients because it is
not routinely covered by health insurance. These out-of-pocket
expenses are afinancial strain for the patients that need testing
for diagnosis. Looking just at financial strain for a typical
person, a 2011 poll from the National Bureau of Economic
Research found that nearly half of the respondents stated that
if they were given a 30-day time frame, they would be unable
to produce an extraUS $2000 [ 7]. Beyond overtaxed household
budgets, families dealing with undiagnosed or rare diseases
incur countless unexpected heath care costs that create
tremendous financial burdens. These families shoulder the
staggering health care expenses accumulated over years of
seeking treatment.

Engaging a Community

The increasing reach of the internet and social networking has
created a new channel for fundraising through internet-based
crowdfunding, which asks many people viawebsites and social
media to donate money and provide support to an individual
project or a campaign. Organizers of crowdfunding campaigns
use their online connections and offline activities to promote
their campaigns. Unlike traditional funding that comes from a
few largeinvestors or campaignsthat ask for aspecific donation
amount, crowdfunding alows anyone to donate any amount.
In light of the diminishing funding for research grants,
crowdfunding enables individuals and groups worldwide to

http://www.i-jmr.org/2018/1/e3/
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bridge the funding gap and support medical and research causes
[8]. Crowdfunding may help support patients in need of DNA
sequencing by providing accessto atest that might uncover the
cause of their disease and potentially lead to a viable clinical
treatment.

Although previous research has examined crowdfunding as a
novel means for raising money and support, few studies have
focused on the factors that improve crowdfunding outcomes.
Our literature search identified just one study that focused
exclusively on crowdfunding for personal medical expenses.
Although several studies discuss the possibilities of
crowdfunding for larger medical research projects that are not
able to secure funding through traditional sources, the studies
did not examine factorsthat contribute to successful campaigns.
Burtch and Chan [9] found evidence that crowdfunding
campaigns were correlated with a reduction in medical
bankruptciesin the United States, concluding that crowdfunding
helped reduce the rate of bankruptcy due to medical expenses
by 3.7% in 2014. However, they do not go further beyond
establishing thislink to examine the factors responsible for the
success of crowdfunding campaigns or the donors’ motivations
for giving.

Two key drawbacks of the existing body of research limit its
relevance to the funding of personal medical expenses. First,
most studies have evaluated platformsthat offer donorsareturn,
such asafinal product from aKickstarter campaign, or interest
on loans from the crowdfunding platform Prosper. Purely
charitable crowdfunding proj ects have not been studied. Second,
many of the platforms analyzed adopted an “all-or-nothing”
policy, whereby if the goal goes unmet, the donations are
returned. This feature along with the presence (or absence) of
areward amost certainly influences someindividual decisions
to contribute. Findings based on postcampaign surveys of donors
are also limited.

With the gap in financial support for undiagnosed individuals,
Rare Genomics (RG) began alowing patientsand their families
to create crowdfunding projects since 2012. These campaigns
were on the RG website and set to raise the funds needed for
clinical WESwith partnering RG laboratories. Early campaigns
varied in success, ranging from hours to days to months.
Amplify Hope was then designed to investigate existing
strategies for crowdfunding, educate participants preparing to
crowdfund, and determine the effectiveness of crowdfunding
strategies used as well as donor engagement.

Methods

Study Design

RG conducted the study in 5 phases, including a needs
assessment to identify successful crowdfunding strategies,
participant recruitment, a30-day crowdfunding training period,
a 30-day online crowdfunding period, and follow-up surveys
given to participants and donors. Our research sought to (1)
provide demographic information on the donor population; (2)
identify common factors among successful medica
crowdfunding campaigns; (3) identify factors that influenced
people to donate, as reported by donors; and (4) describe the
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impact crowdfunding campaigns had on donors’ self-reported
knowledge of genomics.

CrowdRise, Indiegogo Life, and YouCaring were the
crowdfunding platform partners. They provided the following
information to be used for analytical purposes: the average
donation to a fundraiser, unique page visits, conversion rates,
and how many people had visited each page. We utilized 3
different crowdfunding sites to see if there was a measurable
difference in terms of successful campaigns. Baylor Miraca
Genetics Laboratories and Ambry Genetics were the sequencing
partnersin the study. They provided WES for all patients with
successful crowdfunding campaigns.

Needs Assessment

A needs assessment was conducted to elucidate current
crowdfunding practices and their effectiveness. Thefirst phase
consisted of 25 phone interviews with crowdfunding experts
and founders of crowdfunding platforms aswell asindividuals
who had run successful crowdfunding campaigns for personal
medical care or scientific research projects. Ethan Austin,
Breanna DiGiammarino, Adam Griff, Annette Hayswirth,
Elizabeth lorns, Nick Karolidis, Denny Luan, Molly Lindquist,
Andrea Lo, Luke Miner, Jamie McDonald, Sandip Sekhon,
Nick Sireau, Devin Thorpe, and Rob Wu are founders of
crowdfunding platforms that shared their expertise. Sam De
Brouwer, ZsuzsannaDarvai, gnacio Garcia, Kimmie Ng, Glenn
O'Neill, Susanne Shaw, and Jeneva Stone shared their insights
about their own crowdfunding campaigns. Theinterviewswere
conducted for an average length of 30 min. The purpose of all
interviews was to establish crowdfunding best practices, elicit
recommendations, and develop materials for the training
program phase of the study.

Participant Population

Asthe crowdfunding efforts were aimed to rai se money needed
for WES, inclusion in the study was dependent on 2 factors:
that the participant had the desire to actively participate in the
study to raise funds online, and that the participant intended to
raisemoney for apatient that had a certified physician’srequest
for WES.

A total of 13,542 recruitment emails were sent from May 20,
2015, to July 28, 2015, to rare disease advocacy groups and
genetic counselors to inform them of the study opportunity for
undiagnosed patients. Participants completed an interest form
(Multimedia Appendix 1) asking who the intended sequencing
was for, whether there was a physician referral, aswell astheir
level of knowledge on WES and crowdfunding. To participants
that indicated they had physician support, a Getting Started
Worksheet (Multimedia Appendix 2) was sent allowing for a
more comprehensive investigation into the patient and
participant. The Getting Started Worksheet was designed to
determine social media and community presence and activity.
Participants who completed both forms were then asked to
review a consent form (Multimedia Appendix 3) to enter the
study, indicating they would participate in the training, launch
their campaign, and provide campaign evauation. All
participants provided contact information for the patient's
referring physician, and referring physicians confirmed the WES
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order by submission of a signed doctor’s note (Multimedia
Appendix 4).

The participants were randomly assigned to one of three
crowdfunding sites. Participants in the study were given a 30
day training program. Educational resources on crowdfunding
were emailed every week including webinars, fact sheets and
a crowdfunding training guide. During the 30 day training
program, participants received an eBook on crowdfunding best
practices, educational worksheets on both exome sequencing
and crowdfunding each week by email and wereinvited to attend
webinars. Thetraining included recommendations on engaging
their network of contacts through email and phone calls, team
building, creating a campaign video, and socia media
messaging. At the same time, participants received challenges
designed to help them prepare for the campaigns. Incentives
wereincluded in the challenges. One challenge awarded prizes
of US $200, US $100, and US $50 to the top 3 campaigns that
raised the most money on the launch day. Another challenge
awarded US $50 to every campaign that completed the
campaign-page story by the deadline set before the campaign
launch.

The fundraising goal for al participants was set to US $5000,
the cost of a trio WES with partnering laboratories Ambry
Genetics and Baylor Miraca Laboratories. The time frame was
30 days, with each participant randomly assigned to one of the
3 different crowdfunding sites. Challenge events after the
campaign launch provided campaign organizers opportunities
to engage with their networks by offering incentives to donate
and share. A week-long challenge offered a first prize of US
$200, a second prize of US $100, and a third prize of US $50
to the campaignswith the most new donors during the challenge
week. A similar challenge offered prize awards for the
campaigns with the most social shares for the week. If
participants did not achieve their goals after 30 days, the
campaigns were extended an additional 60 days. Overall, 2
participants exceeded the goal in 30 days and 4 met the goal
within 60 days.

Effectiveness of Crowdfunding Strategies

To evaluate the effectiveness of the different crowdfunding
strategies, the following metrics were assessed: timeto complete
fundraising, communication engagement with the participants,
number of donors, average donation amount and donor education
on crowdfunding and sequencing. To gauge communication
engagement, we gave communication points for the following
two instances:. (1) when participants responded to our email or
call communications about the study and (2) when participants
initiated their own communication to us regarding the study.
We subtracted communication points when a participant did
not respond to our emails or calls regarding the study. We al'so
noted when these communications had a quick response time
(within the same day) and along response time (over 3 days).

To examine whom the donorswere and what factors contributed
to their decision to donate to acampaign, demographic analyses
of the donors were done utilizing surveys. After a campaign
donation was received, donors were invited to respond to an
anonymous survey asking about their demographics, such as
sex, age range, and educational level, as well as gauging their
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self-reported baseline knowledge of genomics. Additionally,
they were asked about the impact, if any, of the educational
materials provided on their knowledge of genomics. They were
asked what specifically they read of the information made
available to them about genomics. They had the ability to access
information from the campaign page and were asked what
material did you receive, read, or watch from the campaign
(check all that apply). The choices were read the campaign
summary, looked at other similar campaigns, watched the
TedxMidAtlantic video, read Genomics 101, read eBook(s),
and other (please specify).

Education Through Crowdfunding

To determine the baseline self-reported knowledge of the
participants, they were asked to rate their crowdfunding and
sequencing knowledge from theinitial interest form (SF1) from
ascaleof 0-10. Participants had the ability to access educational
information from the campaign and were asked what material
they did receive/read/watch from the campaign (check al that
apply). The choices were as follows: (1) read the campaign
summary, (2) looked at other similar campaigns, (3) watched
the TedxMidAtlantic video, (4) read Genomics 101 pamphlet,
(5) read eBook(s), and (6) other (please specify). We used
postcampaign surveys to determine if the crowdfunding
campaigns increased participants’ and donors' knowledge of
genomics or increased interest in learning about it.

Results

Needs Assessment

The takeaways from individual phone interviews with 25
crowdfunding platform founders and people who led successful
campaignswere prepared in the document “ Crowdfunding Best
Practices” (Multimedia Appendix 5) and were used to train the
participantsin the study. Best practicesidentified include having
a“pregame plan” before the start date of the campaign where
you set a clear measurable goal, create a message and strategy
for your target community, arrange initial commitments, and
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create media for the campaign including high-quality photos,
a video, and written materials. Best practices during the
campaign include holding alaunch party, providing regular and
detailed updates, use of social media daily and media contacts,
linking of offline fundraising to the online work, and €eliciting
feedback and acting on it.

Participant Population

From the 86 completed inquiries, 68 applicants (79%) affirmed
they had doctor referrals for the test (Figure 1). From the 68
that appeared to have medical support to request the test, 25
(lessthan 40%) completed Form 2 and 84% of those participants
submitted signed consent forms (Multimedia Appendix 3) for
the study, dropping the participant number to 21. The study
team received signed doctor’s notesfor 13 of the 21 participants.
The 8 referring physicians who did not submit doctor’s notes
were either unresponsive or stated that they did not recommend
WES. All 13 cases with completed forms were invited to enter
the study for training. One of the cases became unresponsive
and did not enter training. Of the 12 that participated in the
training, one participant dropped out during training dueto lack
of ability to commit time to the effort.

The principal sources of applicants were the patients themselves
(38 out of 86) and parents of the patients (38 out of 86). A total
of 65 (76%) of the 86 that applied were females and 21 (24%)
were males. The ages were concentrated between 40 and 49
years. The second largest group was between 30 and 39 years.
A total of 66 of the 86 (76%6) applicants had abachelor’s degree
or higher, but at the time of the study, 52 out of the 86 (60%)
participants were either unemployed or disabled.

Effectiveness of Crowdfunding Strategies

From the 11 participants who completed training for the study,
one secured complete sponsorship for their campaign during
thetraining program before the launch, and one participant won
a free WES test with first place in one of the study’s training
challenges. Intotal, 9 crowdfunding campaigns were launched,
and 4 campaigns reached their funding goals of US $5500.
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Figure 1. Of the 86 people that expressed interest in the study, 4 people (5%) successfully completed all subsequent steps, including the funding

campaign (step 7).

(N=86) 100%

Doctor Referral (68) 79%
Form 2: Worksheet (25) 29%
Form 3: Consent Form (21) 24%
Form 4: Doctor’s Note (13) 15%
Training (11) 13%
Campaign Launch (9) 10%
Completed Campaign (4) 5%

One campaign was funded during preparation of the launch,
and the other 3 campaigns that did launch each utilized a
different crowdfunding platform—CrowdRise, Indiegogo Life,
and YouCaring. Thus, all of the crowdfunding platforms had
successful campaigns represented in our study.

We observed a few overlapping characteristics among the
campaigns that achieved complete funding by the end of the
study period in both internal engagement with the study
coordinators as well as external engagement with social
networks before, during, and at the end of the study. Higher
levels of engagement were observed throughout the training
before the start of the crowdfunding campaigns as compared
with those that did not achieve their campaign goals. This
included communication engagement as well as completion of
study and campaign tasks.

By the measure of internal study engagement, all successful
crowdfunding campaigns had 4 or more total communication
engagement points, whereas majority of the unsuccessful
crowdfunding campaigns had 3 or less points total. Of note is
participant #8 that had 12 engagement pointstotal and still was
unsuccessful. Interestingly, none of the successful crowdfunding
campaigns had an instance where the participants did not
respond to either email or phone communi cation from the study
organizer (no responses). All successful campaigns had points
for self-initiated engagement, and all but one unsuccessful
campaign also had points for self-initiated engagement.
However, successful campaigns had an average of 2.75 points,
whereas unsuccessful campaigns had an average of 1.67 points.
Moreover, successful campaigns had an average of 4 pointsfor
aquick responsetime of 1 day or less. Unsuccessful campaigns
only had an average of 2.5 points. From both successful and
unsuccessful campaigns, the number of instances with slow
responsetimeswereinsignificant at lessthan 0.5 points average
for both.
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Most participants used social media as a tool to engage their
socia network to raise funds, and most were aready well
connected through many platforms: 8 of the 9 reported they
used Facebook (3 of the 9 had 500 or more Facebook friends),
6 of the 9 used Twitter, and 5 of the 9 used Google + and
Linkedin. In addition, many regularly shared updates about
their rare disease journey on (8 of the 9) Facebook and Twitter
(4 of the 9). Oncethe 30-day campaignslaunched online, atotal
of 334 socia mediamessageswere shared on Twitter, Facebook,
Linkedin, and Google +. Of the 334 total social media posts,
217 (64.9%) were shared, mostly on Facebook and Twitter.
Embedded links in the shared posts directed the user to an
individual participant’s crowdfunding site or to the Amplify
Hope website. The click rate for embedded links was 70.0%
(152/217) of shared messages, 67.8% (103/152) from Twitter
posts and 32.2% (49/152) from Facebook posts. Of the total
shared posts, 58.5% (127/217) garnered someform of interaction
(eg, they were retweeted, liked, favorited, or shared) at least
once (53.5% [68/127 on Twitter and 47% [59/127] on
Facebook).

M essages promoting the Amplify Hope campaign through social
mediawere divided into the following 2 categories: (1) general
campai gn messages to promote and encourage user participation
and (2) campaign-specific messages tailored to drive traffic to
anindividual’s campaign. Campaign-specific messagesgarnered
slightly higher total click rates and interaction rates than did
general messages on both Twitter (52% vs 44%) and Facebook
(55% vs 44%), as shown in Figure 2. Similarly,
individual-specific messaging appeared to be somewhat more
effective than general messaging in reaching audiences on social
media.

Separately, we sought to get acomprehensive understanding of
characteristics and strategies used by the successful
crowdfunding campaigns. All the 3 successful campaignswere
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organized by mothers of the patient in need of exome
sequencing. In one of the cases, the mother completed the
training program. Shereported reading all the materials provided
and engaged with the study coordinators by asking self-initiated
guestions throughout the process. She completed all aspects of
the precampaign work, reaching out to her network of friends
and family toinform them of her upcoming campaign, shewrote
a campaign story on the CrowdRise crowdfunding platform,
and included 5 photos and a video as recommended. She held
a launch party the day the campaign went live online. The
campaign won the first place in our challenge of the week for
the most new donors and second place in the challenge for the
most social shares. Her top source of messaging was Facebook,
and during the 30-day online study period, the campaign had
1208 unique user sessions and a total of 74 donors. The
campaign raised US $5680, exceeding the US $5500 goal. In
the second case, the campaign was conducted from Tanzania
using the YouCaring platform. Here too, the campaign organizer
participated fully in the 30-day training and reported reviewing
al the material provided. Of note, she had some delays in
completing the study homework tasks as she had a child in the

Ortizetd

hospital. However, despite this, she completed the recommended
work beforelaunching her 30-day online campaign. She created
a campaign story on YouCaring's platform, which included 7
photos and 1 video with words embedded in the video. She
requested contributions at the end of the video and thanked
supporters. Similar to the first case, the campaign won
challenges. This campaign won first place for the most social
sharesin 1 week and second place for the most new donorsin
1 week. The campaign had 2394 unique users and 3589 total
sessions. The campaign exceeded the goal of US $5500 by
raising US $5844 with 47 donors. One campaign received full
funding during the training program. The campaign organizer
was an adult patient in need of exome sequencing. During the
training program, he was fully engaged in the training,
conducting recommended outreach by email and phone to his
network of friends, family, and contacts. He requested feedback
on his campaign draft story from his network as well as the
study team. During his outreach, one donor agreed to pay the
entire cost of exome sequencing, and thus, he was fully funded
for US $5500 before the online campaign period of the study.

Figure 2. Analysis of social media messages. (A) Breakdown of clicks and interactions of social media posts made via Twitter and Facebook. (B)
Analysis of engagement of social media posts for individual campaigns. “General” refersto generic messages meant to promote user participation, and

“B-J refersto individual campaigns, which have been anonymized.
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Data were aso evaluated from a total of 75 donors who
supported the Amplify Hope campaigns. After contributing to
a campaign, donors were asked to complete a survey
(Multimedia Appendix 6) about themselves and the factors that
influenced them to donate. A total of 64 out of the 75 (85%)
donors were females compared with males (11 out of the 75,
13%), and the majority had some college and graduate degree
(Figure 3). Moreover, 30 out of the 75 (40%) donors said they
werefriends of theindividual raising money. Family or relatives
represented the next largest segment at 26 out of 75 (35%), and

http://www.i-jmr.org/2018/1/e3/

Overall number of clicks and interactions

9 out of the 75 (12%) donors reported that they did not know
the individual raising money.

A total of 46 out of the 75 (61%) donors heard about the
crowdfunding campaigns through social media with Facebook
asthemost prominent platformin 67 out of 75 (89%) responses
for learning about the campaign. However, therewasadramatic
increasein the contribution amount when the medium used was
word-of-mouth, email, and phone. This may be due to an
increased personal connection through delivery of the message.
To assess the effects of social pressure on charitable giving,
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respondents were asked whether they prefer to donate at the
beginning of a campaign to impact the initial momentum in a
campaign or a the end to see a campaign reach its goal.
Respondents were asked to note their agreement with a series
of statements. The question, “How important is it for you to
fund crowdfunding projects that have already received
substantial donations from others?’ relates to the crowd effect
when respondents view other’s donations and make a decision
to fund a campaign that has received money from others. Most
respondents (58 out of 75, 77%) thought it was at least
moderately important, indicating that social recognition is a
factor and the performance of the campaigns in general is key
to why someone donates. Furthermore, respondentswere asked,
“How important isit to fund projects that are close to meeting
their fundraising goal?’ In total, 64 out of 75 (85%) reported
moderately to very important. The amount raised appears to
have an impact on the willingness of donorsto get involved in
funding a campaign.

Education Through Crowdfunding

The 86 study applicants were asked to report the knowledge on
exome sequencing and crowdfunding on ascale of 0to 10, with

Ortizetd

0 referring to no knowledge. Respondents were more familiar
with sequencing than crowdfunding. Among 86 applicants, 13
reported they had no knowledge of crowdfunding compared
with 6 who were unfamiliar with sequencing (see Figure 4).
When the selected 10 participants were asked, “ Participating in
this crowdfunding campaign has hel ped meto better understand
the genetic test,” campaign organizers reported either agreeing
or strongly agreeing.

Donors were asked to report their knowledge on genomics
before and after donating to the campaigns. Intotal, 58 responses
were collected. Mgjority of the donors self-reported they had
limited knowledge of genomics before donating to the
campaigns. When asked before the campaign to rate their
knowledge of genomics on a scale from 0 (no knowledge) to
10 (expert), the average score was 2. After participating in the
campaign, the average score increased by 84% with about 9 out
of 58 (16%6) scoring morethan a7. Therewere 24 (43% of total)
respondents who scored “0” before the campaign, and this
decreased by 71%to only 7 respondents afterward. The average
new score for those who scored “0” before donating to the
campaign was approximately 2.2.

Figure 3. Donor demographic information. (A) Education level of donors. (B) Age of donors. (C). All data are self-reported by donors.
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Figure4. (A) Number of participants who reported each score for knowledge on exome sequencing. (B) Number of participants who reported each

score for knowledge on crowdfunding.

Parent 44%

Self 44%

Acrossall campaigns, al donors gained self-reported genomics
knowledge by an average of 100% or more. To further examine
the knowledge increase in genomics, respondents were asked
if they understood what the funds of the project went toward
and 51 out of 58 (87%) of the donorsknew how the fundswould
be used, whereas 7 out of the 58 (7%) did not. When asked,
“After donating to this campaign how interested are you in
learning about genomics and personalized medicine,” 36 out of
the 58 (62%) donors were interested in genomics and learning
more about personalized medicine, whereas 7 out of the 58 (7%)
were not interested. Lastly, donors were asked about their
attitudes on the most effective ways to learn about genetic
seguencing and genomics . Across al age groups, 46 of the 75
(61%) respondents felt videos were the most effective learning
tool, followed by fact sheets/reports/technical papers and case
studies.

Discussion

Limitations

Although the study showed several potential benefits of a
crowdfunding approach to raise money for WES, there are al'so
severa limitations. One challenge inherent with rare or
undiagnosed diseasesisthe small patient population. In addition,
each participant in the Amplify Hope study had to have agenetic
etiology consistent with rare undiagnosed diseases as confirmed
by physician support for WES.
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Other limitations of using acrowdfunding approach arethetime
and effort involved to reach individualsin asocia network and
to ask to support the campaign or share the campaign with their
contacts. If a campaign organizer has a limited network of
contacts, this could negatively affect the outcome. Another
possible limitation is that individual s that are crowdfunding for
WES may be the patient themselves and have medical
limitations that prevent them from fully engaging in the
crowdfunding processto achieve asuccessful outcome. A larger
study using different milestones and improved methodologies
would be needed to validate these conclusions with statistical
power. With this, future researchers can continue to study this
method or preference of instruction to provide information to
educate the public on genomics and personalized medicine.
Additional research will be needed, however, to assess the
effectiveness of other instruction methods that were not included
in this study.

Principal Findings

The campaigns that achieved complete funding during the
30-day online crowdfunding campaign study period shared
severa characteristics. Individual campaign organizers who
reached their campaign goals engaged more during thetraining
program before the start of the crowdfunding campaign, as
compared with those that did not achieve their campaign goals.
These organizers read our shared Amplify Hope educational
materials, followed recommended guidelines, and perhaps most
importantly initiated communication viaphone callsand emails
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to their networks before the campaign launch. In other words,
the successful campaigners frontloaded their campaigns. They
also actively engaged their network and donors by providing
updates throughout the campaigns rather than trailing off.

Social media was important in connecting donors to the
crowdfunding campaigns. In particular, Facebook was reported
as the way many donors learned about the crowdfunding
campaigns. Friends and family werethe top sources of donations
to the campaigns, supporting research that a strong network of
individuals and larger social network equates to a higher
crowdfunding success rate. Mollick and Kuppuswamy [10] in
other studies examining crowdfunding for Kickstarter ventures
found that having a large number of friends on online social
networksis correlated with success. Demographic data obtained
from our surveysreveal ed that women aremorelikely to donate
to this research. This is consistent with the literature, which
shows that a higher proportion of crowdfunding campaign
donors are female. Greenberg and Mollick [11] and Marom et
al [12] also found that women were considerably more likely
than men to successfully raise capital for business ventures on
Kickstarter, and argue that thisis primarily due to the tendency
of female donorsto help other women. Additionally, we found
that this donor segment was highly educated, with 66 out of 86
(76%) reporting having a bachelor’s degree or higher.

We also sought to determine the factors that influenced donors
to support the crowdfunding campaigns for WES. We found
that if a campaign is close to a deadline and has not reached
their goal, donors are more likely to give money to help them
reach their goal before the deadline. This is consistent with
Kuppuswamy and Bayus [13], who found that in terms of
monetary targets, donors on Kickstarter are more likely to
support projectsthat are near their goal s, viewing these projects
as more likely to be successful, and that nearly all projects on
Kickstarter that reach 50% of their fundraising goal are
eventually fully funded. They also find that successful projects
on Kickstarter are likely to have apublic or private update near
their campaign’s target end date.

Through online campaign summaries and links to educational
resources, crowdfunding campaigns may increase knowledge
regarding genetic sequencing, particularly as it relates to
undiagnosed and rare diseases. As most of our participants and
donors rely on social and electronic media, we hypothesized
that the crowdfunding campaign and social media use leads to
an increase of knowledge. We used postcampaign surveys to
determineif the crowdfunding campaignsincreased participants
and donors' knowledge of genomics or increased interest in
learning about it. It is likely that participants had better
sequencing knowledge due to the prerequisite of the study of
physician-recommended WES, given this parameter, the patients
had probably discussed the need for this testing with their
physician. Majority of the donors had limited knowledge of
genomics before donating, and across all campaigns, donors
gained self-reported genomics knowledge by an average of
100% or more. The campaigns appeared to spur an interest in
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learning more about personalized medicine—46 out of the 75
(61%) donorswere interested in learning more about genomics
and personalized medicine. Postcampaign surveys were used
to ask organizers about education on genetic sequencing as a
result of having organized and executed a campaign. When
asked, “ Participating in this crowdfunding campai gn has hel ped
me to better understand the genetic test,” campaign organizers
reported either agreeing or strongly agreeing. Our findings are
consistent with Facio et a [14], in that there is interest in
learning about genome sequencing and a perceived valuein that
knowledge. In addition to reporting adesireto learn more about
genomics, donorsin Amplify Hope also stated a preference as
to how they would like to learn. When asked what method(s)
would be most effective to learn more about genomics—video,
webinars, fact sheets/technical papers, e-newdetters, or case
studies—46 of the 75 (65%) respondents reported videos as
their first-choice learning format. This supports the notion that
videos are effective a communicating messages in
crowdfunding campaigns and are the preferred method for
continuing education on genetic sequencing and genomics
among respondents.

Although crowdfunding has become a more popular means of
donating in recent years, there is till a stigma associated with
asking friends and family for donations for personal medical
causes. We found that to be successful, the campaign organizer
should actively participate in the process of outreach and have
a higher degree of comfort with social networking as reported
by the study participants.

Future Works

This study showed that crowdfunding campaigns have the
potential to benefit individuals with rare diseases seeking
funding for various diagnostic and treatment options. The study
highlights a self-reported donor population that is willing to
fund research for friends, family, or strangers afflicted with a
rare disease. Additionally, both donors and participants
expressed a desire to not only learn more about personalized
medicine and genomics, but there was additional specificity
and preference on how to learn. The method of instruction
through video is preferred by all respondents of the surveys.
With this, future researchers can continue to study this method
or preference of instruction to provide information to educate
the public on genomics and personalized medicine. Additional
research will be needed, however, to assess the effectiveness
of other instruction methodsthat were not included in this study.

Crowdfunding offers a different approach to fundraising. The
biggest difference between crowdfunding and traditional
fundraising is that there are many smaller monetary donations
in crowdfunding. Crowdfunding for scientific initiatives such
as raising money for WES allows donors to choose the cause
or person they would want to contribute to and they can view
updates and continue to donate multiple times. There can be a
sense of connectivity to the research by viewing updates on the
campaign.
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Abstract

Background: Wearable activity trackers are now a common feature of workplace wellness programs; however, their ability to
impact sitting time (the behavior in which most of the desk-based workday is spent) is relatively unknown. This study eval uated
the LUMODback, an activity tracker that targets sitting time, as part of a cluster-randomized workplace sitting intervention in
desk-based office workers.

Objective: Study objectiveswereto explore: (1) officeworkers self-directed LUMOback use, (2) individual-level characteristics
associated with LUMOback use, (3) the impact of LUMOback use on activity and sitting behaviors, and (4) office workers
perceived LUMOback acceptability.

Methods. Exploratory analyseswere conducted within the activity tracker intervention group (n=66) of a2-arm cluster-randomized
trial (n=153) with follow-up at 3 and 12 months. Theintervention, delivered from within the workplace, consisted of organizational
support strategies (eg, manager support, emails) to stand up, sit less, and move more, plus the provision of a LUMOback activity
tracker. The LUMOback, worn belted around the waist, provides real-time sitting feedback through a mobile app. LUMOback
usage data (n=62), Web-based questionnaires (n=33), activPAL -assessed sitting, prolonged (=30 min bouts) and nonprolonged
(<30 min bouts) sitting, standing and stepping time (7-day, 24 h/day protocol; n=40), and telephone interviews (n=27) were used
to evaluate study aims. LUMOback usage data were downloaded and described. Associations between user characteristics and
LUMOback usage (in the first 3 months) were analyzed using zero-inflated negative binomial models. Associations between
LUMOback usage and 3-month activity outcomes were analyzed using mixed models, correcting for cluster. LUMOback
acceptability was explored using 3-month questionnaire data and thematic analysis of telephone interviews (conducted 6 to 10
months post intervention commencement).

Results: Tracker uptake was modest (43/61, 70%), and among users, usage over the first 3 months was low (1-48 days, median
8). Usage was greatest among team |leaders and those with low self-perceived scores for job control and supervisor relationships.
Greater tracker use (=25 days vs <5 days) was significantly associated only with changes in prolonged unbroken sitting (-50.7
min/16 h; 95% Cl -94.0 to -7.3; P=.02) during al waking hours, and changes in nonprolonged sitting (+32.5 min/10 h; 95% ClI
5.01059.9; P=.02) during work hours. Participants found the LUM Oback easy to use but only somewhat comfortable. Qualitatively,
participants val ued the real -time app feedback. Nonuptake was attributed to being busy and setup issues. L ow usage was attributed
to discomfort wearing the LUM Oback.

Conclusions: The LUM Oback—although able to reduce prolonged sitting time—was only used to alimited extent, and its low
usage may provide a partial explanation for the limited behavior changes that occurred. Discomfort limited the feasibility of the
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LUMOback for ongoing use. Such findings yield insight into how to improve upon implementing activity trackersin workplace

settings.

(Interact J Med Res 2018;7(1):€5) doi:10.2196/ijmr.9001
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Introduction

Desk-based workers engage in high levels of sedentary time
[1,2] (ie, waking behaviors spent in asitting, reclining, or lying
posture with low energy expenditure [3]), putting themselves
at risk of musculoskeletal [4] and cardio-metabolic issues [5].
Much of this sitting time is in prolonged, unbroken bouts [1],
which have additional cardio-metabolic risks compared with
sitting with regular breaks[5]. Furthermore, desk-based workers
spend only asmall percentage of their workday stepping (<10%
of work time) [2] and engage in minimal amounts of moderate
to vigorous activity both in and outside of work hours[6]. Given
that sedentary work is increasing [7] and workers spend the
majority of their day at work [8], there is aneed to design and
evaluate interventions that target the desk-based workplace.

In recent years, consumer-based activity trackers have become
a popular component of workplace wellness programs to
increase workers' physical activity [9], and it is expected that
by 2021, 171.9 million activity trackers will be in workplaces
worldwide [10]. Most trackers offer features known to be
important for behavior change including self-monitoring,
real-time feedback and prompting, guided goal setting, andrich
and tailored feedback data[11]. Their popular useinworkplace
wellness programs indicates that they may be a feasible and
acceptable intervention strategy for organizationsto disseminate
[9], and there is emerging evidence to suggest that
consumer-based activity trackers can improve physical activity
outcomes in desk-based workers [12,13].

Despite these findings, investigation concerning how desk-based
workers use consumer-based trackers, which worker
characteristics are associated with use, and whether workers
find trackers acceptable and appealing has been scarce. The
limited evidence suggests that athough initial engagement is
high [12,13], use may drop off inthelong term [13,14]. Tracker
users have been shown to fall into distinct groups, with high
use seen among young and fit adults, as well as older adults
with a desire to improve their health [15]. Acceptability may
depend on user motivation and ease of use of the tracker [14].
Furthermore, it is aso unknown whether use of a
consumer-based activity tracker that targets and provides
real-time sitting feedback can result in reductionsin desk-based
workers' sitting time. Strategies that target increases in activity
may not lead to reductions in sitting time [16], and therefore,
trackersthat specifically target sitting time need to be evaluated.

To address these gaps, this study explored the usage and
acceptability of an activity tracker (the LUMOback) that
provided real-time feedback on sitting among desk-based office
workers participating in a cluster-randomized workplace trial,
targeting reductions in prolonged sitting time [17,18]. The

http://www.i-jmr.org/2018/1/e5/

LUMODback tracker was chosen over other activity trackers
becauseit is one of the few commercially availabletrackersthat
specifically measures and provides real-time sitting feedback
[19]. The aim of this study was to explore the following: (1)
participants LUMOback usage (ie, device wear); (2) which
personal, health, job, and activity characteristics were associated
with greater LUMODback usage; (3) the relationship between
LUMOback usage and changesin sitting and activity outcomes
both at work and across all waking hours; and (4) participants
acceptability and perceptions of the LUMOback.

Methods

Participants and Design

Details of the study [17] and the effectiveness outcomes [18]
have been reported previously (tria  registration:
ACTRN12614000252617). Briefly, participantswere desk-based
office employees of a large internationa property and
infrastructure group. Workers were recruited in teams from 2
locations (A and B). Teamswere cluster-randomized to receive
either organizational support strategies alone (Group ORG; 9
manager-led teams; 87 participants) or organizational support
strategies plus the provision of a LUMOback tracker (Group
ORG+Tracker; 9 manager-led teams; 66 participants). The
intervention was ongoing; data collection occurred at baseline
and 3 and 12 months post intervention commencement. Only
the Group ORG+Tracker is examined in this study. The
organizational support component, designed to be workplace
driven, was delivered by a workplace champion (the
organization’s Head of Workplace Wellbeing) and consisted of
an information booklet; emails with tips to stand up, sit less,
and move more; and involvement of senior executivesto support
the study. Participants in both groups aso received
individualized feedback concerning their sitting time and
physical activity as recorded by the activPAL after each
assessment. The study was approved by the University of
Queensland Behavioural and Social Sciences Ethical Review
Committee (approval number: 2014000089). All participants
provided written informed consent, which covered the 3-month
evaluation, with reconsent required to participate in the
12-month evaluation [17].

The LUMODback Tracker

Theactivity tracker provided to participants wasthe L UM Oback
activity tracker (LUMO Bodytech, Mountain View, CA, USA).
The LUMOback isworn as a belt around the lower back (over
or under clothing) and provides real-time feedback (through a
mobile app) on sitting, standing, sit-to-stand transitions, walking,
running, step count, posture, and sleep. Users can set posture
alerts that vibrate the belt when the user is in a poor lumbar
posture (identified by pelvictilt angle) and set sitting time push
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notifications to their phone when sitting for periods of 15 min,
30 min, 45 min, 1 hour, or 2 hours (user-defined). The
LUMOback providesvalid and reliable measures of sitting time
and number of steps [20,21].

LUMOback trackers, along with a 4-page instruction booklet,
were distributed by the workplace champion in study week 1.
Participants set up their LUMObacks in their own time but had
the contact details of the project coordinator and the workplace
champion for any questions. LUMOback setup required
calibration to the user’s sitting and standing posture, and this
was guided through the app and booklet instructions. The
LUMOback was originally designed as a posture rather than as
asitting device [19]. Assuch, the default settings of the tracker
were to have vibrating alerts (based on posture) on and sitting
notifications off. To be consistent with evaluating the use of
the tracker asit would be used outside of the research context,
these settings were not preadjusted by project staff; however,
the bookl et instructions indicated that both these settings could
be changed by the participant if the participant wished.
LUMOback data were downloaded by project staff and
monitored for usage during the study period. No specific
instruction was given to participants on how much to wear the
LUMOback; however, participants who did not have any
LUMOback usage data were followed up by the project
coordinator (viaemail or phone) or by the workplace champion
(in person) to troubleshoot issues about setup during weeks 3
to 10. Participants were permitted to keep the LUMOback after
the study ended.

Data Collection

Usagedatawere collected from LUMO Bodytech every 2 weeks
during the initial 3 months and periodicaly thereafter.
Participants completed Web-based questionnaires (via
LimeService, used to address aims 2 and 4) at basdline, 3
months, and 12 months. The questionnaires collected data on
sociodemographics (baseline), health and job characteristics
(baseline, 3 months, and 12 months), LUM Oback acceptability
(3 months), and usage of behavior change techniques (eg, goal
setting and prompting) in the LUMOback app (3 and 12
months). Height and weight measurements were collected
objectively in person at the baseline assessment or viaself-report
(used inaim 2). Sitting and activity data (used to address aims
2 and 3) were collected at baseline, 3 months, and 12 months
via the activPAL3 activity monitor (PAL Technologies Ltd.,
Glasgow, Scotland, UK). Telephone interviews, conducted 6
to 10 months after intervention commencement, were used to
collect qualitative data regarding the LUM Oback’s acceptability
to participants (used to address aim 4). Because so few
participants reconsented for the 12-month assessment, aims 2
and 3 consider only usage and outcomes over thefirst 3 months.

M easures

Personal, Health, and Job Characteristics

Key participant characteristics, as measured at baseline, were
age, gender, highest level of education completed, job category
(senior or team leader, manageria staff, other general staff),
use of other activity-promoting apps and wearable devices (yes
or no), confidence using a smartphone (1-5 scale, least to most
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confidence), desired sitting at work (=50%, <50% of work time)
[22], knowledge of the health impacts of sitting (1-5 scale, | east
to most knowledge) [22], musculoskeletal symptoms (Nordic
Muscul oskeletal Questionnaire [23], categorized as problems
over the last month [yes or no] in the upper body, back, and
lower extremities), and physical and mental health-related
quality of life (Short Form-12 version 1 [24], 0-100 scale) and
several other health- and job-related scores, all measured on a
1-10 scale. Specifically, these were stress[25], job control [25],
work satisfaction [25], supervisor relations [25] (all from the
Health and Work Questionnaire), and job performance
(self-rated job performance scale [26]). For all of the health-
and job-related scores, apart from stress, higher values are
desirable. Height and weight measurements were used to
calculate body massindex at baseline.

Activity

Sitting and activity data were collected via the activPAL3
monitor. At each assessment, participants were asked to wear
the monitor for 7 days, 24 hours per day. Further information
on monitor processing has been provided in previous trial
publications [17,18]. Activity outcomes considered here are
time per 10 hours at work and time per 16 hours awake spent
engaged in sitting, prolonged sitting (=30 min continuously),
nonprolonged sitting (<30 min continuously), standing, and
stepping. Totakeinto account variationsin work times between
assessments, and between individuals, work hour outcomes
were standardized to a 10-hour workday by multiplying by 10
hours and dividing by work wear time. Similarly, overall waking
hour outcomes were standardized to a 16-hour day by
multiplying by 16 hours and dividing by waking wear time.
Work and waking times were collected by self-report.

LUMOback Usage

For participantswho set up the LUM Oback, dataon L UM Oback
usage were downloaded as comma-separated value files from
LUMO Bodytech. Each file contains date and time-stamped
summaries per 5 min time interval on activity and posture in
various metrics, and an indicator of whether the LUM Oback
was not worn or charging. Daily usage (hours/day) was
estimated by calculating the time el apsed between the first and
last 5-min timewindow each day during which the LUM Oback
recorded an activity other than lying down, and then subtracting
from thisusagetime any probable device nonwear time (or sleep
time) occurring during this period. Only days with =1 hour of
usage were counted as days of usage. Participants with at |east
1 day of usage were classed as LUMOback “ users’; those with
no days of usage, or who self-reported never using the
LUMOback, were classed as “nonusers.” Others who reported
using the LUMOback but lacked usage data were classed as
having an “unknown” degree of usage.

LUMOback usage over theinitial 3 months of intervention was
considered: continuously (days), as a binary classification (=5
days or <5 days), and as a 4-category classification (nonuser,
limited user, infrequent user, or frequent user). The thresholds
used for the 4-category classification were0, 1-4, 5-15, and >16
days, respectively, over 3 months. Long-term (12-month) usage
was also assessed for the subset of participants who had opted
for the 12-month assessment. LUMOback usage during the
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activity monitor assessment (yes or no) was also considered to
provide some insight as to whether the timing of LUM Oback
wear (not just how much it wasworn) wasimportant for activity
changes. Usage/nonusage during the activity monitor assessment
was determined by the presence/absence of =1 day with =1 hour
of usage over this time frame, or by self-report when
LUMOback data were not available.

LUMODback Acceptability

All questionnaire items assessing LUMOback acceptability
were created for the trial. Acceptability questionnaire items
were closed response (1, not at al; 2, somewhat; 3, not sure; 4,
comfortable/easy; and 5, extremely comfortable/easy) and
assessed for the following: comfort of the LUM Oback, the ease
of setup of the LUMOback and app, ease of navigation and use
of the app, and ease of LUMOback calibration to the user's
posture. Participants' perceived usefulness of the LUMOback
overal and of specific features such as the graphs, sitting
notifications, and vibrating alerts were also assessed in
closed-response items: 1, not at all; 2, somewhat; 3, not sure;
4, useful; 5, extremely useful; and, when relevant, 6, did not
notice/use. Frequency of use of the behavior change features
was also assessed (eg, “When wearing your LUM Oback, how
often did you have it set to vibrate?’), with response options
from 1 (never) to 6 (all the time). The full list of questionsis
provided in Multimedia Appendix 1 of the study protocol [17].

All participants who had not withdrawn after the 3-month
assessment were eligibleto take part in thetelephoneinterviews.
To ensure representation across teams, it was planned that at
least 2 participants per team would be interviewed, plus the
team managers. Interviews continued until the data were
saturated and at least 2 members per work team were
interviewed, unless there were more than 5 unsuccessful
attempts to interview. The lead author (CLB, in location B)
conducted and recorded (using Audacity) one-on-onetelephone
interviews with participants (predominantly in location A),
ranging in duration from 9 to 28 min (mean duration 14 min).
These semi-structured interviews covered topics of genera
thoughts on the LUMOback, participant likes and didlikes,
barriers to usage, use of the sitting notification, influence of
work team on LUMOback use, and genera activity tracker
preferences.

Sample Size

The sample size was determined based on the needs of the
cluster-randomized trial [17]. This study was exploratory and
not powered on study aims. Minimum differences of interest
(MDI) in this study were 30 min of sitting and standing and 15
min of stepping between LUMOback usage categories (=per
10 days of usage), and 2 days of LUMOback usage between
groups (categorical variables), per amount of activity equivalent
to the above, or per 1 standard deviation of other continuous
variables.

Analysis

Statistical analyses were performed in STATA version =13
(StataCorp, College Station, TX, USA). Significance was set
at P<.05 2-tailed. Analyses were of all evaluable cases with
missing or “unknown” data excluded. Mean and standard
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deviation werereported for continuous variables, and percentage
was reported for categorical variables.

To address aim 1, usage was described. In the case of
non-normally distributed variables, the median and the 25th
and 75th percentiles were reported in addition to the mean and
SD. To address aim 2, associations of characteristics with
LUMOback use (adjusting for age, sex, and location) were
statistically tested using zero-inflated negative binomia models
(which accounted for the excessive zeros, as indicated by the
Vuong test). Results are reported as contrasts of marginal mean
outcomes. To address aim 3, associations of LUMOback usage
with activity outcomes were examined using linear mixed
models, adjusting for baseline value of the outcome, age, and
sex and correcting for team cluster. Models were checked for
nonlinearity, non-normality of residuals, multicollinearity,
heteroscedasticity, and influential cases. Outcomes were
transformed when this improved models, with the results from
these models presented back-transformed to regular units.
Results are presented with and without influential cases, if these
cases were found to change the interpretation of the results.

To addressaim 4, acceptability of the LUMOback was described
quantitatively, based on the questionnaire items, and
qualitatively, based on thematic analysis of interview data.
Qualitative interviews were transcribed verbatim using F4
software (audiotranskription, Marburg, Germany). Participant
idiosyncrasies (eg, “um”) were removed after transcription.
Author CLB coded initial themes (using NVivo version 10 and
Microsoft Office Word). These were then compared and
contrasted with a second researcher and discussed and decided
upon. Themes were not preidentified; however, some of the
guestions in the semi-structured interview had a narrow focus
that heavily contributed to some of the themes. Themes were
then compared and contrasted with the questionnaire datawhen
these were avail able, with findings from both sources presented
together.

Results

Participant Characteristics

Baseline characteristics of participants in the ORG+Tracker
group (overall and by usage) are presented in Multimedia
Appendix 1. Participants (35 female and 31 male) on average
were aged 37.6 (SD 7.8) years and engaged in high levels of
sitting time during work hours (453.0 [SD 55.9] min/10 h, ie,
76% of work hours). The majority were university educated
(54/63, 86%); either in managerial (38/66, 58%), team or senior
leader (8/66, 12%), or genera staff (20/66, 30%) positions; and
confident to extremely confident using a smartphone (52/54,
96%).

Aim 1. LUMOback Uptake and Usage

Uptake

The LUMOback was provided to 61 participants. Overal, 5
participants did not receive the LUMOback because of either
ingligibility (incompatible phone, not ambulatory, left
organization; n=3) or refusal (n=1), or for an unknown reason
(n=1; see Multimedia Appendix 2 for flow diagram). Uptake
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was modest overall (43/66, 65%) and within those provided a
LUMOback (43/61, 70%). Nonusers' (n=18) reported reasons
for nonuse were asfollows: being too busy to set up (6/18, 33%),
personal disruptions during the study period (4/18, 22%), having
technical difficulties setting up (3/18, 17%), pregnancy (1/18,
6%), and unknown (4/18, 22%). An additional “user” was later
classed as a nonuser as they only had a very small and invalid
amount of usage data (<1 hour), bringing the total number of
nonusersto 19. Nonusers of the LUMOback werelesslikely to
provide 3-month follow-up activity datathan LUM Oback users
(see Multimedia Appendix 2).

Short-Term Usage

Out of the remaining 42 users, 4 participants claimed to have
used the LUM Oback, but usage data could not be obtained from
LUMO Bodytech. Among those whose usage data could be
collected (n=38), the LUMOback was used over the first 3

Brakenridge et a

months for 1 to 48 of a possible 91 days, with a mean of 11.7
(SD 11.8) days of use and median (25th, 75th percentile) of 8
(3, 15) days. As usage can be intermittent, the time from first
to last recorded usage within the first 3 months was dightly
longer than the days of usage, ranging from 1 to 78 days, with
a mean of 245 (SD 21.3) days and median (25th, 75th
percentile) of 17.5 (7, 38) days. Duration of usage on wear days
averaged 9.8 (SD 3.7) h per day.

Figure 1 demonstrates the diverse patterns of usage during the
first 3 months of the study by usage group. Only 9 participants
(15%) were classed as frequent users, whereas the remaining
participants were either infrequent users (16/62, 26%), limited
users(13/62, 21%), or nonusers (24/62, 39%). Duration of usage
on wear days (h/day) appeared to be longest in frequent users
(mean 12.8, SD 1.6), followed by infrequent users (mean 10.0,
SD 3.2), and then by limited users (mean 7.4, SD 3.8).

Figure 1. LUMOback use by study day over the first 3 months (91 days), ordered by first study day of use and total length of use within each usage

category. Percentages do not add to 100% due to rounding.
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Long-Term Usage

LUMOback usage after the 3-month assessment was eval uated
in the 21 LUMOback users who reconsented to 12-month
follow-up (reasons for nonconsent were not related to
LUMOback usage; see Multimedia Appendix 2). Only 1
consenting participant used their LUM Oback after the 3-month
assessment, for 5 consecutive additional daysin total, with the
last day of use being day 185 (ie, approximately 6 months after
intervention commencement).

Aim 2: Participant Characteristics Associated With
Short-Term LUM Oback Usage

Figure 2 showsthe number of daysof L UM Oback use compared
across personal, health, job, and activity characteristics. Job
control and supervisor relations were the only statistically
significant predictors of usage. For both variables, higher
perceived scoreswere associ ated with fewer days of LUM Oback
usage (~3 days). Some of the nonsignificant differences were
substantial (=the MDI). Specifically, being a senior or team
leader rather than managerial staff was meaningfully associated
with more days (~14 days) of LUM Oback usage, whereashaving
higher perceived job performance, being a smoker, being
overweight or obese, and having back or lower extremity
muscul oskeletal problems were meaningfully associated with
fewer days (~2 to 4 days) of LUMOback usage. Other
differences were small (<the MDI).

Brakenridge et a

Aim 3: Impact of Short-Term LUM Oback Usage on
Behavior Change

LUMOback usage for at least 5 days during the intervention
period was significantly associated with more nonprolonged
sitting time during work hours (+32.5 min/10 h workday, 95%
Cl 5.0t0 59.9, P=.02). An examination of Cook’s distance (D)
identified 2 influential cases (Cook’s D =.14), and after removal
of these cases, the association with nonprolonged sitting time
was no longer statistically significant, although still tended in
the same direction (+19.6 min/10 h, 95% Cl -3.6 to 42.7,
P=.10). Increases in nonprolonged sitting time were coupled
with less prolonged sitting time (=38.1 min/10 h, 95% CI -80.1
to 3.9, P=.08), and only very small differences in sitting,
standing, and stepping time changes during work hours (see
Table 1).

During waking hours, those using the LUMOback for at least
5 days reduced their prolonged sitting time by significantly
morethan their lower usage counterparts (—50.7 min/16 h awake,
95% Cl —94.0to -7.3, P=.02). Thiscomparatively greater shift
in waking hours away from prolonged sitting time was coupled
with a shift toward more nonprolonged sitting time (+25.4
min/16 h, 95% CI -5.7 to 56.6, P=.11), which became
significant after the removal of 1 influential case (Cook’s D=.25;
+31.9 min/16 h, 95% CI 3.3 to 60.4, P=.03). In addition, there
remained some small differences in sitting (-29.4 min/16 h,
95% Cl —-67.2 to 8.4, P=.13), standing (+21.1 min/16 h, 95%
Cl -10.7 t0 52.9, P=.19), and stepping (+4.6 min/16 h, 95% CI
-9.2 to 18.3, P=.51) changes, al favoring those who used the
LUMOback for at least 5 days.

Figure2. Predictorsof number of days of LUMOback usage over thefirst 3 months (91 days) of theintervention. (Gray indicates personal characteristics,
green indicates health characteristics, blue indicates job characteristics, orange indicates work activity characteristics, and red indicates overall activity
characteristics. Boldface refers to difference = the minimum difference of interest. Marginal mean [95% Cl] days of LUMOback use [zero inflated
negative binomial models], adjusted for sex, age, and location contrasted between groups [categorical variables] or mean versus“ mean + dose” [continuous
variables]. Dose was 1 SD for most continuous variables, 6 min for sitting and standing, and 3 min for stepping, per day or workday. The Cl for senior

or team leader continues off figure.).

Predictor +—Substantial difference

Female vs male

Aged 36+ years vs <36 years

University education vs < university
Preferred time spent sitting at work 50%+ vs <50%
Knowledge of sitting & health
Confidence using smartphone

Previous activity app/device use vs no use
Smoker vs non-smoker
Overweight/obese vs healthy weight
Upper body problem vs no problem
Back problem vs no problem

Lower extremity problem vs no problem
Stress

Physical health quality of life

Mental health quality of life

Senior or team leader vs managerial staff
Other general staff vs managerial staff
Job performance

Job control

Work satisfaction

Supervisor relations

Weekday work hours/day

Sitting/10 h workday

Prolonged sitting/10 h workday
Standing/10 h workday

Stepping/10 h workday

Sitting/16 h day

Prolonged sitting/16 h day

Standing/16 h day

Stepping/16 h day

Days
Mean difference (95% CI), P

—0.60 (—5.42, 4.04), P=77
+1.91 (—2.69, 6.52), P=42
+1.25 (=5.01, 7.51), P=.70
+0.14 (—4.93, 5.20), P=.96
~0.31(-2.88, 2.26), P=81
—0.90 (—3.49, 1.68), P=49
+1.94 (=337, 7.25), P=47
—4.42 (-9.64, 0.80), P=.10
—3.20 (—7.37, 0.97), P=.13
~0.57 (-6.41, 5.26), P=85
—3.59 (-11.11, 3.93), P=58
—2.59 (—7.11, 1.93), P=.26
~1.68 (—7.53, 4.17), P=57
+1.83 (3.34, 7.00), P=49
+1.60 (—1.40, 4.78), P=28
+13.60 (—6.41, 33.61), P=.18
+0.50 (—3.42, 4.42), P=80
—2.39 (-5.81, 1.04), P=.17
—2,78 (-5.38, —0.19), P=.04
—0.75 (—4.15, 2.65), P=.67
—2.76 (-5.32, —0.20), P=.04
~1.27(-4.06, 1.52), P=37
~0.24 (-0.74, 0.27), P=37
—0.07 (—0.24, 0.10), P=41
+0.47 (—0.20, 1.15), P=17
~0.37(-0.97, 0.23), P=22
—0.12 (—0.37, 0.13), P=35
~0.09 (-0.23, 0.05), P=20
+0.23 (—0.10, 0.55), P=17
+0.02 (~0.33, 0.38), P=.89

Substantial difference —
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Table 1. Associations of LUMOback usage with 3-month activity changes during the intervention.

Outcome Used during theintervention for >5days, yes P value Usageduring activity assessment, yesvsno P value

vs no (adjusted mean difference, 95% CI)? (adjusted mean difference, 95% CI1)?

Work hours, min/10 h Workdayb

Sitting -1.9 (-22.0t0 18.1)° 85 -7.5(-27.810 12.9)° A7
Prolonged sitting -38.1(-80.1t0 3.9) .08 -28.3(-74.0t0 17.4) 23
Nonprolonged sitting 32.5(5.0t0 59.9) .02 24.7 (-8.0t0 57.4) 14
Standing 0.7 (-17.310 18.7) 94 -15(-18.8t015.7) 86
Stepping 26(-7.5t012.8) .61 5.3(-4.4t015.0) .29
All waking hours, min/16 h dayb
Sitting -29.4 (-67.210 8.4) 13 -2.0(-40.0to 36.0) .92
Prolonged sitting -50.7 (-94.0t0 -7.3) .02 -35.1(-79.41t09.2) 12
Nonprolonged sitting 25.4 (-5.7 t0 56.6) A1 36.5(7.510 65.6) .01
Standing 21.1(-10.7 to 52.9) 19 4.2 (-27.1t0 35.5) 79
Stepping 4.6 (-9.2t018.3) 51 -1.0(-14.2t012.2) .89

Table shows adjusted mean difference and 95% CI from linear mixed models, adjusting for baseline value of the outcome, age, and sex, and correcting
for cluster. Italicsindicate statistically significant association (set at P<.05 2-tailed).

bAnalyz% are of evaluable cases among the 66 ORG+Tracker participants, excluding those with missing activity outcomes at work (n=30), during
waking hours (n=26), or with unknown usage during theintervention (n=3). Work hours analysesinclude 18 users and 15 nonusers during the intervention
and 21 users and 15 nonusers during the assessment while waking hours analysesinclude 19 users and 18 nonusers during the intervention and 22 users
and 18 nonusers during the assessment.

Csitting time during work hours was modeled as natural log of (600 minutes minus sitting minutes); results are back-transformed to original units for

presentation in the table.

Examining usage of the LUMOback specifically over the time
framethat activity was being measured reveal ed that concurrent
usage was significantly associated with more nonprolonged
sitting time during waking hours (+36.5 min/16 h, 95% CI 7.5
to 65.6, P=.01) and, accordingly, less prolonged sitting time
(=35.1 min/16 h, 95% CI -79.4 to 9.2, P=.12; which became
significant after the removal of 2 influential [Cook’s D =.11]
cases. —42.0min/16 h, 95% Cl —81.4t0 -2.6, P=.04). Otherwise,
there were only very small differencesin sitting, standing, and
stepping time changes. The size of the observed differencesin
work hour activities were all small (<the MDI) in addition to
not reaching statistical significance.

Aim 4: Acceptability and Perceptions of the
L UM Oback

At 3 months, questionnaire data were collected from 33
LUMOback users (13 male; aged 26-55 years; 4 team |leaders,
1 senior leader, 15 managerial staff, and 13 general staff), and
qualitativeinterviewswere conducted with 22 LUM Oback users
(11 male; aged 26-57 years; 5 team leaders, 11 managerial staff,
and 6 general staff) and 5 nonusers (3 male; aged 36-45 years;
1 team leader and 4 managerial staff). Several themes emerged
from these 2 sources of data on LUMOback acceptability: (1)
comfort of the LUMOback; (2) acceptability of the app,
real-time feedback, and graphs; (3) use of the LUMOback
features, (4) additional barriers; (5) perceived barriers in
nonusers; (6) the perceived influence of others on LUM Oback
use; and (7) suggested improvements in an activity tracker.
Supportive quotes are provided below and in Multimedia
Appendix 3.

http://www.i-jmr.org/2018/1/e5/

Comfort of the LUM Oback

A majority of survey respondents (21/33, 64%) reported the
LUMOback as only being “somewhat comfortable” 9
participants (27%) reported the LUMOback to be “not at all
comfortable” and only 3 participants (9%) reported the
LUMOback to be* comfortable” (see Multimedia Appendix 4).
Comfort wasidentified as an issue in the telephone interviews.
Reported issues included being conscious of wearing the
LUMOback, the waist placement, sweating when wearing it,
and, for women in particular, being hard to wear with clothing.

I think it was something that was hard to wear with
some types of clothes. Not something that you could
just put on and not think about. It was certainly
thought about all the time while you were wearing it.
[#3, female manageria staff, limited user]

Acceptability of the App, Real-Time Feedback, and
Graphs

Most users perceived the LUMOback and app to be “easy” to
“extremely easy” to set up (n=22/33, 67%), use and navigate
(25/33, 76%; see Multimedia Appendix 4), and the feedback
graphsto be at least “ somewhat useful” for creating awareness
of sitting, standing, stepping, and good posture behaviors (27/33
(82%), 27/33 (82%), 26/33 (79%), and 26/33 (79%),
respectively; see Multimedia Appendix 5). In the interviews,
many participants reported that it was informative to get the
real-time feedback from the LUM Oback app:

| liked that you could track your results and see how
well you are doing, | think that was the most benefit
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that you could constantly check where you're at. [#25,
female general staff, infrequent user]

Use of the LUMOback Features

Use of the sitting notification was modest, with half (16/33,
49%) not usingit at al (Multimedia Appendix 5). Encouragingly
though, most notification users (14/17, 82%) found the prompts
to beat least “ somewhat useful” for creating sitting awareness.
Participants were most likely to select to be prompted for a
sitting break every 30 min (11/17, 65%), compared with 15min
(2/17, 12%), 1 hour (3/17, 18%), or 2 hours (1/17, 6%).

The minimal use of the sitting notifications was echoed in the
findings from the telephone interviews. When prompted, it
appeared that not all participants were aware of the option to
set sitting notifications or had forgotten. Out of those
interviewees who did report using the sitting notification, some
reported that the sitting notification was a “ nice feature,” with
one participant going on to say:

...[the sitting notification] actually became a useful
conversation piece, you would be in a meeting and |
would get a prompt and I'd stand up and | would
explain to people what was going on, people thought
it wasinteresting, so you are not just doing something
weird like suddenly popping up in the middle of a
meeting. [#21, male team leader, infrequent user]

However, other users reported that the notifications were
annoying and they turned them off, or they were easy to ignore.

The vibrating posture alerts were widely used and were highly
discussed by participants. Some participants found the vibrating
alerts beneficial:

...just the intrusiveness of it was actually quite good
because it was always front of mind, you kind of
couldn’t forget that it was there, especially when you
had the pulse thing on. [#19, female managerial staff,
limited user]

However, many participants found that the vibrating alertswere
a key barrier to wear as they were annoying and/or caused
distraction in meetings. Although some participants were happy
once disabling the vibrating aerts, others felt the LUMOback
had lost its utility and purpose without the vibrations:

| did [turnthevibrating alertsoff], but then | thought
it'sahit pointless because, not doing anything. [#17,
male general staff, infrequent user]

Additional Barriers

Some participants reported frustration having to repeatedly
calibrate the LUMOback so that it was correctly measuring
activity and posture and providing correct prompting:

You needed to recalibrate it every now and then and
it would buzz as a result or it would be buzzing when
you are in a right position and it was just a bit
annoying. [#20, male managerial staff, frequent user]

This was congruent with the questionnaire findings, with only
just over half of participants (17/33, 52%) reporting the
LUMOback was easy to calibrate (see Multimedia Appendix
4). Forgetting to wear the LUM Oback was another barrier, with
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some participants reporting that the monitor used for
assessments (ie, the activPAL) was easier to wear because “it
just sat there al the time” and they did not need to remember
to take it off and put it on each day (as it was taped to their
thigh). Other barriersreported by asmall number of participants
included not wanting to wear the LUM Oback at home because
of the desire to sit and slouch and not be prompted during this
time, having to charge the LUMOback, and the LUMOback
app draining phone battery.

Perceived Barriersin Nonusers

Participants who did not wear the LUMOback were also
interviewed and elaborated on their perceived barriersto uptake.
A small number of participants reported set-up or syncing issues
with the LUMOback. One of these participants mentioned that
it would have been helpful having in-person assistancein setting
up. A lack of interest, being too busy, or being forgetful also
played a part for some participants not using the LUM Oback.

The Perceived | nfluence of Otherson LUMOback Use

Some participants reported that support from their team
manager, the workplace champion, or other team memberswas
related to uptake of the LUMOback. However, a majority of
participants reported that their LUMOback use was not
influenced by others because they did not talk about using the
LUMOback or they could not seeif other team members were
wearing it.

Suggested | mprovementsin an Activity Tracker

Participantswere a so asked about their suggested improvements
in activity trackers. The key desires for trackers included (1)
being comfortable to wear, (2) being discreet, (3) being easy to
use, (4) being waterproof, and (5) providing arange of accurate
data

Something | could just leave on that | wouldn't need
to take on and off all the time, something that is
water proof, something that is maybe not so visible.
[#3, female manageria staff, limited user]

Discussion

Principal Findings

Thisisoneof thefirst studiesto comprehensively evaluate both
the usage and acceptability of awearable activity tracker when
delivered as part of a workplace intervention. The real-time
feedback was valuable to users, and greater use of the
LUMODback appeared to assist with reducing the amount of
daily prolonged sitting during the intervention. However, only
70% (43/61) of participants provided with a LUMOback used
it. Among those who used the LUM Oback, the amount of usage
(Ieft to the participant’s discretion) was very limited, with a
median of 8 days of usage, and amaximum of 48 days of usage
out of a possible 91 days. Being too busy, technology issues
during setup, and a lack of interest were possible reasons for
nonuse. Within users, comfort was a key reason for low usage
of the LUMOback. Having lower self-perceived job control and
weaker supervisor relationships were significantly associated
with more LUMOback usage; while participants who were
senior staff and team leaders, and participants with a better
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health profile a so tended to use the LUM Oback morethan their
counterparts.

Workplace tracker interventions have previously seen high
levels of tracker uptake (96-99%) [13,27]. However, in line
with the findings observed in this study (where uptake was
70%), uptake of trackers when offered in real -world workplace
wellness programs can be more modest (25-100%) [9]. In this
study, some nonusers reported a lack of interest in their
LUMOback tracker. Tracker use is a personal decision, and
some workers simply may not want or need a device to track
their behavior. As such, offering trackers to everyone is not
necessarily going to be acatch-all solution, but just one of many
strategiesaworkplace could offer itsworkers. | ssueswith setup
of the device may aso have impeded its uptake. Although the
participantsin this study felt confident using their smartphone,
work demands and technological difficulties may have meant
that in-person set-up support was still needed. Thisfinding, in
line with a previous study reporting technology barriers to
tracker uptake [28], suggeststhat investing in additional support
at the initiation stage may be warranted. Indeed, in one study
where such support was provided (eg, downloading the app and
setting up the tracker for the participant), uptake was 100% and
usage was high across the study (median use of 95% daysacross
16 weeks of intervention) [29].

Even among those who proceeded to use the belt-worn
LUMOback, usage was low. Workplace studies evaluating
trackers clipped on to the hip or shoe [12,13,27], worn on the
wrist [14,30], or worn in a range of hip, wrist, and chest
locations [31] have reported usage ranging from a mean use of
79% days across 6 weeks of intervention [12] to amean use of
approximately 69% days across 3 months of intervention [27],
and 15% to upward of 89% of participants still using their
tracker after 2 months[13,14,30,31]. All studies reporting high
usage incorporated monetary incentives [13,27] or text
message/email prompts [12] to encourage usage. Usage in the
studieswithout these additional features[14,30,31] wastypicaly
lower (15-60% of participants still using their tracker after 2
months). These findings suggest that additional strategies may
be needed to achieve high tracker usage.

Social support strategies, such as being part of ateam, sharing
resultswith others, and participating in workplace competitions,
may also be associated with increased uptake and use of activity
trackers[9,32]. In this study, senior and team |leaders tended to
use the LUM Oback more than other employees. Participantsin
theseroleslikely had ahigher responsibility for managing health
and safety issues, had more direct contact with the workplace
champion (who was at a similar managerial level), and as such
may have been more motivated to use their LUM Oback tracker.
Senior and team leader support facilitated LUM Oback uptake
for some participants, but they did not discuss ongoing
LUMOback use with their teams. A greater extent of role
modeling and discussion might be useful to promote tracker
usage and could provide a means to alleviate issues with setup
and calibration.

Greater users of the tracker tended to be healthier, which is
consistent with previous research [15,33]. A novel finding was
that participants with high self-perceived job control and
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supervisor relationships used the LUMOback for significantly
fewer days. It may have been that these participants felt more
freedom and confidence in their work roles to discontinue use
of the tracker. Participants who had muscul oskeletal problems
at baseline used the LUMODback for fewer days than those
without problems. It is possible that minor back pain following
the posture advice, which was reported by 3 participantsin the
adverse outcomes of the trial [18], was areason for lessusein
those participants who already had musculoskeletal problems
at baseline. Thewai st-worn belt may have also been particularly
troublesome for those with pre-existing back problems.

Comfort of the LUMOback appeared to be akey contributor to
the low overall usage identified in this study. Participants
reported dislike of the belt placement, and some noted that the
LUM Oback was difficult to wear with clothing. Similar findings
have been reported with the Actigraph GT3X+ when attached
viaabelt [34] and for trackersworn tightly secured to the body
[31]. Alternatives to belts, such as wristbands and clips, may
be especially useful for long-term use with office clothing.
However, the wrist and hip wear positions suited to wristbands
and clips are not ideal for measuring sitting time [20] as they
can lead to standing being misidentified as sitting. Other barriers
identified by participantsin this study and across other tracker
research include a lack of perceived data accuracy, forgetting
to use or charge the tracker, and difficulty using the tracker
[14,30,31]. These findings suggest that, even with additional
support, trackers need to be comfortable, accurate, discreet, and
easy to useto facilitate ongoing use.

Consistent with other workplacetracker studies[14,31], we saw
very limited usage of the LUMOback after 3 months (ie, only
1 out of the 21 participants whom we could follow up).
However, the need for continuous self-monitoring of behavior
is debatable [35]. Disuse of atracker after a short period could
indicate that participants have learned about their behavior and
made changes rather than indicating failure to change [31].
Alternatively, the intermittent usage observed for some
participants may reflect that self-monitoring provides away to
reidentify and adjust behavior as needed. Our findings did not
suggest that the behavioral impact of the LUMOback islimited
to the time frame over which it was worn; usage during the
activity monitoring did not appear to predict behavior change
any better than usage over the intervention generally, much of
which occurred early on. A period of initial tracking may be
sufficient to facilitate 3-month behavior changes. However,
further research is needed to understand the interplay between
tracker use and behavior.

Encouragingly, even within a group who used the LUMOback
to a limited degree, larger favorable behavior changes during
the intervention were seen in those with high usage compared
with those with low or no usage. Greater usage during the
intervention was significantly associated with overall time per
day spent in prolonged sitting and, although there should be
caution in interpreting this result, time spent in nonprolonged
sitting during work hours. Unlike the mgjority of commercially
available activity trackers [20], the LUMOback used posture
measurement to detect and prompt on sitting time, which may
be why this particular tracker was able to facilitate
improvementsin prolonged sitting time during the intervention.
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However, the LUMOback isno longer commercially available.
Thus, it is recommended that current and future commercial
activity trackersinclude features to distinguish between sitting
and upright postures so that they can appropriately measure and
prompt on sitting time.

Notably, use of the LUM Oback was not significantly associated
with changes in sitting, standing, and stepping time. Greater
changes in these behaviors may require greater use of the
LUMOback and/or additional behavioral strategies.
Environmental modifications to the workplace (eg, sit-stand
workstations) and/or changes to the design of work tasks (eg,
activity-based working, where workers can change workspace
depending on work task) may also be needed to support regular
shifts between sitting, standing, and moving.

Strengths and Limitations

A key study strength was that use of the LUMOback was
self-directed by the participant and was provided as part of a
broader workplace program. Thus, the findings are likely to be
indicative of how a tracker may be implemented and used as
part of a real-world worksite-driven program. The evaluation
over the longer term enabled the examination of how the
LUM Oback was being used over time (and by whom), whereas
the qualitative investigation added depth to the findings by
exploring the reasons for lack of uptake and ceased use. It is
recommended that future tracker evaluations take this
mixed-methods approach.

This study was not powered a priori on the aims of this paper.
Confidenceintervalsaround estimatesindicated that substantial
differences in sociodemographic and health- and job-related
predictors of usage and substantial differences in activity
changes by usage may have been missed due to inadequate
precision. Moreover, the limited differencesin activity changes
by usage may in part be due to a mismatch between when
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participants used their LUMOback and when we captured their
behavior. Evaluating usage and behavior over a more similar
time frame (the assessment period vs the intervention) did not
tend to strengthen associations; however, our examination would
not detect very short-term effects of usage on behavior (eg, on
the same day or at the same time). This may be an important
guestion to address in a sample with sufficient usage. Biases
may have had an impact on the results. Dueto the small sample
Size, it was not possible to adjust for all potential confounders.
Information was not collected on those who declined
participation or who were never approached. LUMOback
nonusers were also more likely to drop out of the study than
LUMOback users. This attrition bias suggests our results, if
anything, are likely to underestimate the associations of usage
with behavior change. Although only some participants
participated in the telephone interviews, interviews were
conducted in both LUMOback users and nonusers, and arange
of perspectives was collected. Generalizahility islimited to the
type of tracker used (belt-worn tracker focused on posture and
sitting) and to the context of its use. Notably, it was allocated
and provided by others (not chosen or purchased by the user)
in the context of a team-based workplace-delivered
organizational intervention. Use of atracker that is self-selected
by participants might lead to greater uptake and/or longer usage.
Self-selection may especially encourage usage in those with
high job control who may be accustomed to having ahigh level
of autonomy in their working life.

Conclusions

A tracker that provides real-time feedback on sitting time was
associated with the reduction of prolonged sitting time during
aworkplace-delivered sitting-reduction intervention. The tracker
evaluated was not particularly suitablefor ongoing usein office
workers, but this study has provided insight into barriers and
facilitatorsfor uptake and ongoing tracker usein this population.
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Abstract

Background: When people with health conditions begin to manage their health issues, one important issue that emergesisthe
guestion as to what exactly do they do with the information that they have obtained through various sources (eg, news media,
social media, health professionals, friends, and family). The information they gather helps form their opinions and, to some
degree, influences their attitudes toward managing their condition.

Objective: This study aimed to understand how tinnitus is represented in the US newspaper media and in Facebook pages (ie,
social media) using text pattern analysis.

Methods: Thiswas a cross-sectional study based upon secondary analyses of publicly available data. The 2 datasets (ie, text
corpuses) analyzed in this study were generated from US newspaper media during 1980-2017 (downloaded from the database
US Mgjor Dailies by ProQuest) and Facebook pages during 2010-2016. The text corpuses were analyzed using the Iramuteq
software using cluster analysis and chi-square tests.

Results: The newspaper dataset had 432 articles. The cluster analysis resulted in 5 clusters, which were named as follows: (1)
brain stimulation (26.2%), (2) symptoms (13.5%), (3) coping (19.8%), (4) social support (24.2%), and (5) treatment innovation
(16.4%). A time series analysis of clustersindicated a change in the pattern of information presented in newspaper media during
1980-2017 (eg, more emphasis on cluster 5, focusing on treatment inventions). The Facebook dataset had 1569 texts. The cluster
analysis resulted in 7 clusters, which were named as: (1) diagnosis (21.9%), (2) cause (4.1%), (3) research and development
(13.6%), (4) social support (18.8%), (5) challenges (11.1%), (6) symptoms (21.4%), and (7) coping (9.2%). A time seriesanalysis
of clustersindicated no change in information presented in Facebook pages on tinnitus during 2011-2016.

Conclusions: The study highlights the specific aspects about tinnitus that the US newspaper media and Facebook pages focus
on, as well as how these aspects change over time. These findings can help health care providers better understand the
presuppositions that tinnitus patients may have. More importantly, the findings can help public heath experts and health
communication expertsin tailoring health information about tinnitus to promote self-management, aswell asassisting in appropriate
choices of treatment for those living with tinnitus.

(Interact J Med Res 2018;7(1):€9) doi:10.2196/ijmr.9065
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tinnitus; chronic condition; health communication; health information; media; news media; social media

http://www.i-jmr.org/2018/1/€9/ Interact JMed Res 2018 | vol. 7 | iss. 1 |€9 | p.96
(page number not for citation purposes)


mailto:vinaya.manchaiah@lamar.edu
http://dx.doi.org/10.2196/ijmr.9065
http://www.w3.org/Style/XSL
http://www.renderx.com/

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

Introduction

Background

Tinnitus can be defined as the conscious perception of an
auditory sensation in the absence of a corresponding external
stimulus [1]. It is a common medical symptom, which can be
debilitating to someindividuals. Risk factorsfor tinnitusinclude
hearing loss, use of ototoxic drugs, exposure to loud noise, and
head injury. Various types of treatments are being offered to
help tinnitus sufferers, although no effective curative drug
treatment exists. Some main treatment and management
approachesfor tinnitusinclude sound therapy (ie, external noise
to counteract the perception of tinnitus), hearing aids, and
counseling [1,2]. However, cognitive behavioral therapy has
the largest evidence base for the management of the distress
associated with tinnitus [2].

Self-M anagement of Chronic Conditions

Medical therapy alone is not sufficient to address the distress
caused by various chronic symptoms and conditions [ 3], which
can also be true for tinnitus. For this reason, there is a move
toward developing self-management initiatives in which
individuals with a health condition take responsibility and
ownership in managing their health conditions and symptoms
[4]. Self-management can facilitate acceptance, coping, learning
to live well with chronic health conditions despite the adverse
consequences of such conditions and symptoms, and more
importantly can result in improved health outcomes [5].
However, when people with health conditions start to manage
these health issues, a significant factor that determines how
effectively they managetheir issuesinvolvesthetype and quality
of information that they obtain through various sources (eg,
news media, social media, health professionals, friends, and
family). Theinformation they gather helpsform their opinions,
and will also to some degree influence their attitudes toward
managing their condition. Literature from health psychology,
particularly the Self-Regulatory Model of Iliness, provides a
framework for understanding how individual symptoms and
emoationsduring ahealth threat or diagnosisinfluence perception
of illness and hence guide subsequent behavior [6,7]. An
individual may be confronted with the problem of a potential
illness through 2 channels, which include: (1) symptom
perception and (2) social messages. Theindividual experiences
and symptom perception can be influenced by the social
messages they receive (ie, input from friends, family, and
media). For this reason, health communication is an important
element of facilitating self-management in chronic disease
management from the public health viewpoint [8].

Influence of Media on Health Behavior

The ubiquitous nature of mass media, in particular news media,
makes it one of the most powerful sources of influence on
specific issues (eg, climate change, political party), including
health issues [9]. News media plays an important role in
determining the content of our thoughts and opinions [10]. For
example, the more coverage a specific topic receives on a
particular news media, morelikely arethe peopleto takeit into
serious consideration. On the other hand, a topic that does not
get much attention in the news media, although important, may
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not receive much public attention. Although society traditionally
has relied heavily on the news media, in recent years, social
media has radically transformed the way in which people
communicate and gather information around the world [11].
Social media has changed the news business on a fundamental
level [12]. For example, in social media content, providers are
thefirst onesto report any given particular news, whereas editors
and journalists are involved in content development and
decision-making of what appearsin the news media. Peopleuse
social media to share and exchange perspectives and opinions
about social, cultural, economic, and religious aspects;
furthermore, there is a growing trend to also exchange
information about health issues and concerns [13]. In keeping
with this recent development, there is a critical need to better
understand the influence of social mediaon health behavior and
outcomes [14].

Although the media can help place specific health issues on a
local and national agenda, there may be a discrepancy in what
issues are covered and in their social and economic impact on
society. For instance, we can assume that the issues more
frequently raised in the media are those which are more likely
to draw more attention and readership. Moreover, Hartz et a
reportsthat thereisagrowing tension between mediareporters,
scientists, and health professionals [15]. This may be because
of discrepanciesin understanding specific health issuesand also
because of the importance placed on specific health issues by
these key stakeholders[15].

There is some literature on how the deaf population is
represented in themedia[16,17]. For example, researchers have
explored how and why hearing loss continuesto be stigmatized
through a study of media messages about hearing loss [16].
Another study focused on the positive and negative media
framing toward political movement Deaf President Now [17].
Moreover, some recent literature also focuses on newspapers
representation of workerswith hearing loss[18] and the use of
social mediain the hearing aid community [19]. We recognize
that both mass mediaand social mediacan have much influence
on people’s knowledge and in the shaping of individual attitudes
[14]. Although this is of importance, we were unable to find
any studies focusing specifically on what information is
presented about tinnitus in the news media, and also in social
media.

This study aimed to understand how tinnitus is represented in
the US newspaper media and in Facebook pages (ie, socia
media) using text pattern analysis.

Methods

Study Design

This study used a cross-sectional design based upon secondary
analyses of publicly available data. The 2 datasets analyzed in
this study were generated from US newspaper media and
Facebook pages. The study did not require ethical approval as
the data were gathered from publicly available sources. Only
the publicly available Facebook pages (not personal pages) were
included in the data extraction, thus maintaining the anonymity
of the responses, and no personally identifiableinformation was

Interact JMed Res 2018 | vol. 7 | iss. 1 |e9 | p.97
(page number not for citation purposes)


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

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

included. Moreover, no individual dataset was discussed in the
paper, again maintai ning the anonymity of the data. Considering
the minimal or no potential risk to individual participants, no
ethical approval was required [20].

Data Extraction

To develop the newspaper media text corpus (ie, large and
structured set of texts), we first explored the databases with the
newspaper collection available at Lamar University, United
States. Magjor Dailies by ProQuest was the database that had
the largest newspaper collection. We then searched for articles
related to tinnitus in this database between the years 1980 and
2017 and downloaded the results astext corpus. A python script
was written to convert the text corpus to a format that was
needed for data analysis and to preserve the metadata (ie,
newspaper name, year of publication).

A different python script was written to extract posts with
Facebook pages dealing with tinnitus (during 2010-2016). In
total, 20 Facebook pages with more than 100 likes were
identified, and the postings were downloaded as a text corpus.
It is important to note that the data extraction was limited to
what data were available publicly (ie, newspaper data during
1980-2017 and Facebook posts during 2010-2016).

Data Analysis

The text corpuses were analyzed using the Iramuteq software
[21], which is an open source software. This software can
perform various types of analyses on text data.

The text corpus is composed of multiple newspaper articles.
The software treats each of these articles astext (ie, it'sthefirst
unit). The first step of the analysis is to segment each article
(ie, text) into smaller units called text segments (ie, each text
issplit into multiple text segments based on criteria of size and
punctuation). The split of the text into segments decreases the
granularity of the units and thus makes it possible to increase
the precision of certain analysis, in particular the search of
themes within the text corpus. The goal is to create segments
of consistent size while trying to maintain the natural
segmentation of texts marked by punctuation. The segmentation
process is based on a cutoff criterion that weighs the segment
size by punctuation. The procedure does not fully respect the
parameterized segment sizeif astrong punctuation (eg, aperiod,
a question mark, and an exclamation mark) is present within a
15% margin of the planned cutoff. In the next step, the text
corpusislemmatized (ie, words are sorted by grouping inflected
or variant forms of the same word) to their simplest forms,
which are called lemmas (ie, group of wordsin asingle form).
Moreover, the software makes distinctions between “full words’
(eg, verbs, noun, adjectives, and adverbs) and “tool words’ (eg,
pronoun, determent, and useful verbs such as—to be and to
have). This distinction is done so that only full words are
included in the main analysis. These steps are necessary to
convert the large corpus into a more manageabl e dataset that is
essential for further analysis. To specifically analyze the text
that is closely related to “tinnitus,” the text segments related to
this object were extracted and new corpuses were formed. It is
important to note that the expression “tinnitus’ wasinside each
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of thetext segments extracted. The subcorpuswith moredirected
text segments was used for all further analyses.

This was followed by cluster analysis made with the Reinert
method used for textual data analysis [22-24]. The Reinert
method has been used frequently in French media studies. This
method facilitates the investigation of links between topics and
the metadata associated with the text (eg, dates to study
chronology). A recent comparison between the Reinert method
and Latent Dirichlet Allocation showed that topics from the
Iramuteq software that uses the Reinert method (ie, a divisive
hierarchical clustering) are more accurate [25]. Although the
traditional qualitative methods (eg, content analysis, thematic
analysis) can provide in-depth understanding of the data, the
automated text pattern analysis using the cluster analysis can
provide a broader understanding of the data [22]. Automated
analysis has the advantage of analyzing large amounts of data
(ie, big data) as used in this study, whereas using the traditional
qualitative methodsfor analyzing large quantities of datawould
not have been feasible.

In this analysis, the program initially builds a binary matrix
with text segments in rows and full words in columns, and it
then performs hierarchical divisive clustering based on a series
of bipartitions made with correspondent analysis. At each step
of the classification, the larger remaining cluster is cut into 2
parts by computing the information extracted while cutting after
each line of the matrix along thefirst factor of the correspondent
analysis. The remaining cut is the one that maximizes the
information extracted. In a second step, each line is reversed
from one cluster to the other. If this reversion increases the
information extracted, it is kept. This step loops until no
inversion increases the information extracted for the whole
table. This cluster analysis groups the text segments based on
co-occurrence of lemmas. Each of the clusters aim to be
homogeneous (regrouping text segments with the common
pattern of lemmas). Moreover, clusters have to be as
heterogeneous as possible between them (pattern of lemmas
between groups should be as different as possible). The results
are presented in adendrogram that characterizesthe clustering.
For each cluster, the program computes profiles of lemmas,
which are overrepresented (ie, significantly in a higher
proportion within the cluster when compared with the rest of
the text corpus based on chi-square analysis). Finally, the same
text corpus was subjected to a time series analysis using the
metadata. For example, in this corpus, we analyzed how the
patterns of clusters change over time (see Figures 1-6). Figures
2 and 5 present proportions of cluster for each year. In these
figures, the width of the bar is proportional to the number of
text segments each year (ie, the higher the width, the higher the
number of text segments), and the height of the clusters
(indicated in different colors) represents the frequency of text
segmentswithin clusters. Figures 3 and 6 present which clusters
are significantly overrepresented (ie, based on chi-square
analysis) in each year during 1990-2016. In this width of the
bar, it is proportional to the number of text segments each year,
and the height of the bar represents the size of clusters. For
example, Figure 3 showsthat cluster 5 is overrepresented during
the years 2013-2017.
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Figure 1. Dendrogram (ie, classification of clusters), size of clusters as percentage of the text segments, and overrepresented words in each cluster in
tinnitus newspaper corpus. (Note: The words are ordered by chi-square value with words at the bottom having a lower value).
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Figure 3. Chronological bar based on chi-square analysis showing proportion of each cluster for each year in tinnitus US newspaper media corpus

(Note: Width of the bar is proportional to the number of text segments each year, and the height of the bar represents the size of clusters).
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Figure5. Chronological bar showing proportion of each cluster for each year on tinnitus Facebook pages corpus (Note: Width of the bar is proportional
to the number of text segments each year, and the height of the clusters represents the frequency of text segments within clusters).

Figure6. Chronological bar based on chi-square analysis showing the proportion of each cluster for each year on tinnitus Facebook pages corpus (Note:
Width of the bar is proportional to the number of text segments each year, and the height of the bar represents the size of clusters).
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Results

Newspaper Data

Context Analysis

The initial analysis text corpus had 433 texts (ie, each article
from anewspaper is considered atext), 9176 text segments (ie,
each text is split into multiple text segments based on criteria
of size and punctuation), and 309,524 occurrences or tokens
(ie, number of words). After extraction of atext segment related
to “tinnitus,” the text corps was reduced to 432 texts, 2173 text
segments, and 79,684 occurrences or tokens.

Table 1 provides information about the newspaper source and
the frequency of texts from each source. Most of the texts are
from the US Fed News Services (30.79%), followed by The
Washington Post (16.67%), Targeted News Service (13.19%),
and the Chicago Tribune (10.19%). Table 2 providesinformation
about the frequency of texts related to tinnitus over time. The
frequency of texts published about tinnitusincreases over time.
The reason for this can be due to an increase in attention and
publication of articles on tinnitus and/or the number of
newspapers publishing articles about tinnitus. However, it is
difficult to distinguish the relative contribution regarding these

Manchaiah et d

2 reasons due to the increase in the frequency of texts related
to tinnitus over time.

Content Analysis

Figure 1 provides results of cluster analysis on the newspaper
data. The cluster analysisresulted in 5 main clusters that were
named based on their characteristics. Cluster 1 was the largest
cluster, which included 26.2% of texts, and mainly focused on
aspectsrelated to auditory and electrical stimulationinthebrain
as acure for tinnitus, which was named as a brain stimulation
cluster. Cluster 2 was the smallest cluster that included 13.5%
of texts, mainly focusing on the symptoms of tinnitus such as
buzzing, ringing, hiss, and was named as a symptoms cluster.
Cluster 3 included 19.8% of texts and included aspects related
to psychological problems (eg, anxiety), relaxation, and coping,
and hence was named as a coping cluster. Cluster 4 was the
second largest cluster and included 24.2% of the texts. This
cluster had elements related to health and social support from
government and charity organizations, and hence was named
as a social support cluster. Cluster 5 included 16.4% of texts,
and was focused on new and innovative treatment methods, and
hence was named as a treatment innovation cluster. Table 3
provides examples of text segmentsthat typically represent each
of these 5 clusters.

Table 1. Freguency and percentage of articles containing at least one text-segment related to tinnitus in the subcorpus from different newspapers.

Newspaper

Frequency of articles, n (%)

Chicago Tribune

Farm Weekly

Investor’s Business daily
Journal of Commerce

Journal Record

Los Angeles Times

Marine Corps Times

Miami Daily Business Review
Missouri Lawyers Media
NASDAQ OMXs News Release Distribution Channel
New York Times

Roll Call

Targeted News Service

The Village Voice

The Washington Post

The Weekly Times

US Fed News Services

Wall Street Journal

Total

46 (12)
3(0.7)
8(1.9)
1(0.2)
2(05)

25 (5.8)
1(0.2)
1(0.2)
1(0.2)
30(7.0)
27 (6.3)
2(0.4)

57 (13.1)
2(05)
72(16.7)
1(0.2)
133(30.8)
20 (4.6)
432 (100.0)
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Table2. Frequency and percentage of articles containing at least one text-segment related to tinnitusin the subcorpus based on timescal esfrom different

newspapers.
Year Frequency of articles, n (%)
1980 1(0.2)
1981 1(0.2)
1985 2(0.5)
1986 2(0.5)
1987 3(0.7)
1988 3(0.7)
1989 3(0.7)
1990 4(0.9)
1991 1(0.2)
1992 2(0.5)
1993 3(0.7)
1994 4(0.9)
1995 3(0.7)
1996 1(0.2)
1997 1(0.2)
1998 10 (2.3)
1999 7(1.6)
2000 7(L6)
2001 3(0.7)
2002 6 (1.4)
2003 7(1.6)
2004 14(3.2)
2005 43 (10.0)
2006 6 (1.4)
2007 21 (4.9)
2008 18 (4.2)
2009 14(3.2)
2010 24 (5.6)
2011 46 (10.7)
2012 28 (6.5)
2013 20 (4.6)
2014 42 (9.7)
2015 41 (9.5)
2016 33(7.7)
2017 8(L9)
Total 432 (100.0)
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Table 3. Example of atext segment for each cluster in newspaper mediatext corpus.

Cluster

Example of atext segment

Cluster 1: Brain stimulation

Cluster 2: Symptoms

Cluster 3: Coping

Cluster 4: Social support

Past research has shown that the severity of chronic pain and tinnitusis tied to the degree of plasticity in the
brain’s cortex as a previous study showed that repeatedly pairing sensory stimuli with electrical stimulation
of abrain structure called nucleus basalis generates power ful and long-lasting changesin cortical organization.

Commonly called ringing in the ears but for millions of people who suffer tinnitus the sound that plaguesthem
actually may be a buzz hiss chirp or high-pitched whistle.

Playing soft background music or other white noise can be quite effective in masking the noise and short term
use of antidepressant medications sometimes helps and often a hearing aid helps suppress tinnitus.

A senior member of the Senate Armed Services Committee recently received the senate legislative champion
award by the American Tinnitus Association for his dedicated efforts to include tinnitus research and funding

to the Annual National Defense Authorization Act.

Cluster 5: Treatment innovation

As of today neither a universal standard of care for acute inner ear tinnitus nor atruly proven and effective

treatment method is available about Keyzilen TM (AM-101). Keyzilen TM is a small molecule N-methyl-D-
aspartate receptor antagonist formulated in a biocompatible gel for intratympanic injection.

Table 4. Example of atext segment for each cluster in Facebook pages text corpus.

Cluster Example of atext segment

Cluster 1. Diagnosis

| went to an ENT doctor 2 weeks ago. He checked my eustachian tubes because my ears were feeling a bit

full that's al, no ringing no pain. He placed a probe up my nose but first sprayed 2 pumps of lidocaine anes-

thetic.

Cluster 2: Causes

| have temporo mandibular joint (TMJ), which hasleft me with very limited jaw movement, only open mouth

to less than an inch between teeth. | have been referred to a hospital, but the waiting timeis up to 2 years.

Tinnitus can be caused by TMJ.

Cluster 3: Research and devel opment

Go Hearing: We provide tinnitus and hearing therapy and treatment for Bay area and Canada, providing tin-

nituslab pax 100 and tinnitustreater sound conditioning programs, which does not cost thousands. Affordable
effective programs and treatment, check us out at www.go-hearing.com.

Cluster 4: Social support

Greetings, please share our group page in your page it is sometimes not about money, we want to share and

spread love to all those who are suffer from tinnitus. Please do support us, we need your help.

Cluster 5: Challenges

It was torture and alot of bad thoughts were running through my mind. | used sleep machines. We think it

was from coming off adrug seroquel since Jan and Feb this year. | have the ringing 3-4 times a week.

Cluster 6: Symptoms

Complete cure to tinnitus: | had tinnitus in both ears for 15 years with a high-pitched two-tone sound. The

noises are constant and | have learned to ignore the ringing. Later another sound was added.

Cluster 7: Coping

Can athyroid affect your tinnitus and my thyroid is coming out soon. | am hoping the hissing in my ear will

subside a bit. | had to sleep last night listening to white noise for thefirst timein years. Usualy | listen to the

radio playing music.

Analysis of Trends Over Time

Figure 2 provides a chronological bar, and Figure 3 a
chronological bar with chi-sguare for tinnitus newspaper data.
These 2 figures provide information on how the information
presented in newspaper media changes over time, and helps us
understand mediatrends. For example, in Figure 2, it isevident
that cluster 5 (ie, treatment innovation) was not discussed in
newspapers before the year 2006, but the number of texts
increased substantially from 2006 to 2017. The chi-square
analysis (see Figure 3) showsthat some clustersare morelikely
to occur on sometimescale. For example, cluster 5 (ie, treatment
innovation) was statistically significant and more frequent during
the years 2013-2017, whereas the cluster 3 (ie, coping) was
statistically significant and more frequent during the years
2000-2005. Overal, thetime seriesanalysis of clustersindicated
changes in the pattern of information presented in newspaper
media during the years 1980-2017.

http://www.i-jmr.org/2018/1/€9/

Facebook Pages Data

Context Analysis

Facebook pagestext corpus had 1569 texts, 2747 text segments,
and 78,218 occurrences or tokens. We have removed the URL
and also texts that contained only the URL before analysis.

Content Analysis

Figure 4 provides results of cluster analysis on the Facebook
pages data, which identify 7 main clusters. Cluster 1 (21.9%)
was the largest and had words related to ear disorders and its
diagnosis, and hence was named as diagnosis cluster. Cluster
2 (4.1%) wasthe smallest and was focused on causes and trigger
factors of tinnitus (eg, tooth problems, neuropathy) and was
named as the cause cluster. Cluster 3 included 13.6% texts
focusing on studies that focused on tinnitus and was hamed as
the research and development cluster. Cluster 4 (18.8%) had
elementsrelated to social support from various sources and was
named as the social support cluster. Cluster 5 was named as
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challenges and had 11.1% of texts. Cluster 6 (21.4%) focused
on symptoms of tinnitus such as buzzing, ringing, and hiss and
was named as the symptoms cluster. Cluster 7 (9.2%) was
focused on relaxation and coping, and hence was named asthe
coping cluster. Table 4 provides examples of text segmentsthat
typically represent each of these 7 clusters.

Analysis of Trends Over Time

Figure 5 provides a chronological bar and Figure 6 a
chronological bar with chi-square for tinnitus Facebook pages
data. Asindicated in Figure 5, there is not much variation in
what clusters are discussed in each year over time. The
chi-square analysis (see Figure 6) shows that cluster 1 (ie,
diagnosis), cluster 4 (ie, socia support), and cluster 5 (ie,
challenges) occurred more significantly during the years 2013,
2014, and 2015, respectively.

Discussion

Principal Findings

The media has played a prominent role in the dissemination of
health information [9]. This study explores the way tinnitusis
represented in the media, specifically in the US newspaper
media and in Facebook pages using text pattern analysis.
Overdll, the study results suggest that newspaper media and
Facebook pages offering information on tinnitus focus on
various elementsincluding symptoms, coping, diagnosis, social
support, research and development, and treatment innovations.

The analysis of text corpus extracted from the US newspaper
media suggested that the information disseminated via
newspaper media focuses mainly on 2 elements: (1) new
developments in treatments (ie, brain stimulation, treatment
innovations) and (2) disease information (ie, symptoms, coping,
and social support). It isinteresting to note that thereis afairly
equal spread of information among al of these elements.
Moreover, the analysis trends over time regarding information
indicated a change in patterns of information presented in the
newspaper media during 1980-2017. For example, thereis an
increasing emphasis of information focusing on treatment
inventions (cluster 5 in Figure 2), whereas the information on
coping appears to be steady over the years (cluster 3 in Figure
2). Wewere unableto find previous studies on newspaper media
on tinnitus to compare this study’s results. However, a recent
study explored the Canadian newspaper representation of
hearing-impaired workers[18]. The study resultsreveal that the
media focuses on awide range of issues (eg, hearing-impaired
peopl e taking action to find employment, and being determined
to find success in sought after positions of employment).

The analysis of content in Facebook pages related to tinnitusin
this study suggests that tinnitus sufferers use social media for
various purposes, including gaining symptoms and diagnostic
information, social support, learning to cope, and also to obtain
information about research in this area. It is important to note
that nearly half of the discussions in Facebook pages were
related to diagnosis and symptoms (ie, 43.3%), suggesting that
this platform is used by tinnitus sufferers for self-assessment
of their condition. Facebook pages are fairly recent when
compared with news media, and we explored Facebook pages
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information only during the years 2011-2016. Time series
analysis showed no change in patterns of information during
this time, unlike newspaper media. The results of this study
relate well to previous studies on social mediaand other health
conditions; for example, a recent study was conducted on the
hearing aild community who used social mediasourcesfor advice
and support, information sharing, and service-related
information [19]. Analysis of information related to the level
of usefulness of diabetes foot care-related Facebook groups
showed a significant association with related posts [26]. Social
mediais also reported to be useful in creating indicators of the
food environment that are associated with area-level mortality,
health behaviors, and chronic conditions [27].

One would expect that the media would provide publicity for
an intervention that is evidence-based. Although there are
various treatments and/or management strategies available for
tinnitus sufferers, psychological interventions such as cognitive
behavioral therapy have the best evidence base for alleviating
tinnitus distress [2]. However, it is surprising to see that there
isalack of publicity regarding psychological intervention, which
becomes clear from the analysis of theinformation in the media.
This is perhaps one of the reasons contributing to a relatively
low uptake of evidence-based counseling interventions by
tinnitus sufferersin the US population [28].

Overdll, there is growing literature about the importance of
health communication in chronic condition management,
particularly concerning the role of mass mediaand social media
in forming individuals' opinions, and its bearing upon health
behaviors. For this reason, it is important for health care
professionalsto be aware of thetype of information that isbeing
provided by the media on specific health conditions such as
hearing loss and/or tinnitus.

Study Implications

Thisstudy has several practical implications. Asthe mediaplays
an important role in formulating people’s knowledge and
opinions [14], it is important for health care professionals to
understand the importance of media on health decision and
behavior. This, we believe, may assist health care professionals
in better understanding the presuppositions patients may have
about various health aspects. It is suggested that when used
wisely and prudently, social mediacan help promote individual
and public health [29]. This study helps tinnitus researchersto
understand the waysin which the public opinion about tinnitus
is formed over time. Stakeholders including health care
professionals, patient organizations, and public health specialists
can use the media to ensure that appropriate and accurate
information is being disseminated to promote positive health
behavior and health outcomes [30]. However, the first step in
this processisto understand the trends or patterns of information
being presented in the media, as explored in this study.

Study Limitations and Future Directions

Thisstudy isthefirst of itskind in the area of tinnitus. However,
it has a few limitations. First, the text pattern analysis using
software helps analyze big data, and athough the analysis
provides more of amacro view of the data, it may only provide
a superficial understanding of its content. The automated data
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analysis may help us understand “what” aspects of tinnitus are
represented in the media, rather than “how” tinnitus and these
aspects are represented. For example, questionssuch aslsbrain
stimulation portrayed positively or negatively in the media?,
or, Is tinnitus portrayed as a curable condition?, and finally,
How are the causes of tinnitus portrayed? cannot be answered
through this kind of analysis. Hence, in-depth qualitative
analysismay be useful in future studies. Second, the newspaper
data extracted from the ProQuest database may not be a true
representation of al the US newspapers. Although ProQuest
has some of the most widely circulated newspapersin the United
States, using a different search engine may have potentially
resulted in a different corpus and perhaps different results
patterns. Furthermore, some selection bias may have occurred
while choosing Facebook pages, as we only included 20 pages
with 100 “likes” Different criteria may have resulted in a
different text corpus. This study mainly focuses on the patterns
of information found in newspapers and in Facebook pages but
not about how appropriate or accurate the information actually
is. Hence, future studies should explore the appropriateness and
accuracy of content. Moreover, future studies should aim to
validate the results of automated text analysis using predictive
validity methods, which confirmsresults by examining the data
looking at the identified trends over time [31]. It would be
interesting to study how the change over time may have occurred
as aresult of other metadata (eg, types of newspaper, focus of
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Facebook pages), which was not possible in this analysis due
to limitationswith software. Future studies should also consider
studying the commonalities and differences among different
types of media (eg, newspaper media, social media) using
automated text analysis through more powerful software.
Moreover, thereis a great need to explore the role of the media
on health behaviors, specifically in the tinnitus population.

Conclusions

This study explored how tinnitus is represented in the media,
specifically inthe US newspaper mediaand in Facebook pages.
Theinformation in the newspapers regarding tinnituswas mainly
about brain stimulation, symptoms, coping, social support, and
treatment innovations. Time series analysis showed that there
were some changes in the patterns of information presented in
newspaper media during 1990-2017. The information in
Facebook pages about tinnituswas mainly related to diagnosis,
cause, research and development, social support, challenges,
symptoms, and coping. However, no changes in the patterns of
information presented in Facebook pages between 2011 and
2016 were noted. These findings can help clinicians to better
understand presuppositionstinnitus patients may havein regard
totheir condition. In addition, the findings can also be of interest
to public health and health communication experts, alowing
them to tailor health information about tinnitus to promote
self-management and appropriate treatment choicesfor tinnitus
sufferers.
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