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Abstract

Background: The best indicator of the impact of human immunodeficiency virus (HIV) prevention programs is the incidence
of infection; however, HIV isachronicinfection and HIV diagnoses may include infections that occurred years before diagnosis.
Alternative methods to estimate incidence use diagnoses, stage of disease, and laboratory assays of infection recency. Using a
consistent, accurate method would allow for timely interpretation of HIV trends.

Objective: The objective of our study was to assess the recent progress toward reducing HIV infections in the United States
overall and among sel ected popul ation segments with available incidence estimation methods.

Methods: Dataon cases of HIV infection reported to national surveillance for 2008-2013 were used to compare trendsin HIV
diagnoses, unadjusted and adjusted for reporting delay, and model -based incidencefor the US population aged =13 years. Incidence
was estimated using a biomarker for recency of infection (stratified extrapolation approach) and 2 back-cal culation models (CD4
and Bayesian hierarchical models). HIV testing trends were determined from behavioral surveys for persons aged =18 years.
Analyses were stratified by sex, race or ethnicity (black, Hispanic or Latino, and white), and transmission category (men who
have sex with men, MSM).

Results:  On average, HIV diagnoses decreased 4.0% per year from 48,309 in 2008 to 39,270 in 2013 (P<.001). Adjusting for
reporting delays, diagnoses decreased 3.1% per year (P<.001). The CD4 model estimated an annual decrease in incidence of
4.6% (P<.001) and the Bayesian hierarchical model 2.6% (P<.001); the stratified extrapolation approach estimated a stable
incidence. During these years, overal, the percentage of persons who ever had received an HIV test or had had a test within the
past year remained stable; anong MSM testing increased. For women, all 3 incidence models corroborated the decreasing trend
in HIV diagnoses, and HIV diagnoses and 2 incidence models indicated decreases among blacks and whites. The CD4 and
Bayesian hierarchical models, but not the stratified extrapolation approach, indicated decreases in incidence among MSM.

Conclusions: HIV diagnoses and CD4 and Bayesian hierarchical model estimatesindicated decreasesin HIV incidence overall,
among both sexes and all race or ethnicity groups. Further progress depends on effectively reducing HIV incidence among MSM,
among whom the majority of new infections occur.

(JMIR Public Health Surveill 2017;3(1):€8) doi:10.2196/publichealth.7051
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Introduction

Annual estimates of the number of human immunodeficiency
virus (HIV) infections in the United States peaked in the
mid-1980s, decreased through the early 1990s, and remained
relatively stable through 2010 [1,2]. Over time, with improved
diagnosis and treatment, the number of people living with HIV
has steadily increased and with that has come the potential for
increased HIV transmission [3-5]. But knowledge of HIV
infection is associated with decreased risk behavior, and the
proportion of personswith HIV in the United States who know
their status is at its highest ever [3,4]. Similarly, antiretroviral
treatment (ART) for HIV substantially reducesthe risk of viral
transmission, and decreases in incidence have been observed
in populations with higher uptake of ART [6-9]. Yet, it isunclear
whether HIV prevention programs and ART use have resulted
indecreasing HIV incidencein recent yearsin the United States.

A primary goal of the National HIV/AIDS Strategy for the
United States is to reduce HIV incidence [10]. However,
determining progressin reducing HIV incidenceis challenging
as direct measures are generally not available. Some recent
reports suggest that HIV diagnoses decreased in the United
States during the last decade [11-13]. However, HIV diagnoses
trends are affected by testing rates, diagnoses delays, and
incidence rates, and should therefore be interpreted in
conjunction with data on HIV testing and available incidence
estimates.

To assess recent progress toward reducing HIV infections in
the United States overall and in selected population segments
with avail able incidence estimation methods, we analyzed data
reported to national surveillance programs at the Centers for
Disease Control and Prevention (CDC). The data presented
include case counts of HIV diagnoses aswell as datafrom new
and established models to estimate HIV incidence and testing
data from behavioral surveysto aid interpretation of trends. In
the United States, large disparitiesin HIV diagnoses exist among
popul ation segments; two-thirds of personswith HIV diagnosed
each year are men who have sex with men (MSM), and blacks
or African Americans are 8 times and Hispanics or Latinos 3
times as likely to be diagnosed with HIV as white Americans
[14]. Therefore, assessment of progress toward reaching the
goal of reducing HIV incidence should include trends for the
United States overal and for disproportionately affected
population segments.

Methods

HI1V Diagnoses and I ncidence Data Sources and
Methods

Data from the National HIV Surveillance System reported to
the CDC through December 2015 were used to determine trends
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in the annual number of HIV diagnoses in the United States
[15]. Data on HIV diagnoses were also used to estimate the
annual number of infections (incidence) with 3 models (Table
1) using (1) additional information on abiomarker that classifies
infections as recent (or not) in the stratified extrapolation
approach [1,2,16-18]; (2) HIV diagnoses and the severity of
disease (whether infection is classified as stage-3 AIDS, within
the same calendar year asHIV diagnosis) in the back-calculation
approach (Bayesian hierarchical model) to estimate HIV
prevalence and the percentage of persons living with
undiagnosed HIV [4,19,20]; and (3) the first CD4 count after
diagnosisin a newly developed approach to derive incidence,
prevalence, and the percentage undiagnosed (CD4 model)
[21-23]. The biomarker data required for the stratified
extrapolation approach were collected by 18 states and 3 cities
participating in the incidence surveillance component of the
National HIV Surveillance System. Incidence was estimated
for these combined areas and then extrapol ated to the remaining
areas of the United States [2]. For the Bayesian hierarchical
model, input data were adjusted for underreporting of HIV
diagnoses in the early years of the US epidemic period before
HIV reporting was implemented by all jurisdictions, whereas
information on AIDS diagnoseswas availablefor all years[19].
For the CD4 model historical data were not required and data
on diagnoses and CD4 test results were directly obtained from
the surveillance data.

Data are presented for 2008 through 2013; starting in 2008, all
states and the District of Columbiahad implemented name-based
HIV reporting and these cases were reported to the National
HIV Surveillance System. Diagnoses and incidence estimates
were adjusted for missing risk factor information and for
determining whether reporting delays may affect the
interpretation of trends, we conducted analyses unadjusted and
adjusted for reporting delays [14].

Data on HIV diagnoses and for derived incidence include
persons aged 13 years and older at the time of diagnosis or
infection, respectively. Trendsin theseindicators were assessed
overal and by sex and race or ethnicity (blacks or African
Americans, (hereafter referred to as blacks); Hispanics or
Latinos; and whites), and for MSM. HIV surveillance data can
be considered to represent a census of HIV diagnoses for the
United States and therefore no confidence intervals (Cls) are
presented. For estimates of HIV incidence, 95% Cls were
caculated. To determine whether there was a significant
increasing or decreasing trend in the annual numbers of
diagnoses or incidence, the estimated annual percent change
(EAPC) in diagnoses and incidence and associated 95% Cls
were calculated, and a change in trend was considered
statistically significant if P<.05.
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Table 1. Methods for estimating HIV incidence.

Hall et al

Nameof themodel  Strétified extrapolation approach [1,16,17]

Bayesian hierarchical model [19,20]

CD4 model [23]

Method Biomarker-based sample survey

Datarequirement  Datafor single or multiple years, no limit

on number of years

All new diagnoses

Incidence assay result on recency of infec-
tion sis

Testing and treatment history

Strengths Annual estimates
More accurate for recent years
Weaknesses False recent rate of incidence assay used

Relieson accuracy of testing and treatment
information

Bayesian-based back-calculation

Datafor entire epidemic period

All new diagnoses

AIDSclassification within year of diagno-

Annual estimates

HIV datain earlier yearsincomplete as
jurisdictions implemented HIV reporting
over time; hencerelieson accuracy of data
adjustment for incomplete reporting

CD4 based back-calculation

Datafor recent (8+) years

All new diagnoses

First CD4 after diagnosis

Annual estimates

Data for entire epidemic period not re-
quired

Relies on accuracy of CD4 depletion
model

HIV Testing Data Sources and M ethods

Data on HIV testing among the US population are available
from the National Health Interview Survey (NHIS) and the
Behavioral Risk Factor Surveillance System (BRFSS), and these
were used to determine trendsin testing (achangein trend was
considered statisticaly significant if P<.05). NHIS collects
information on abroad range of health topics from anationally
representative sample of civilian, noninstitutionalized US
households[24]. Theannua NHISresponseratefor the Sample
Adult Survey ranged from 62.6% in 2008 to 60.8% in 2010
[24]. NHIS asks persons aged 18 years and above questions
related to HIV testing (Have you ever been tested for HIV? In
what month and year was your last test for HIV [the virus that
causes AIDS]?). Differences observed in estimates of HIV
testing based on NHIS 2010 and earlier and NHIS 2011 and
later may be attributable to survey design changes and estimates
for the percentage of persons ever tested are not comparable
[25,26]. Therefore, the most recent years included in this
analysis were 2008-2010. Only records for respondents aged
18-64 years were included, the age group for which CDC's
recommendations encourage HIV screening, and records had
to have a“Yes’ or “No” response to whether the respondent
had ever been tested for HIV, excluding tests for blood
donations.

BRFSSisastate-based, random-digit-dialed tel ephone (landline
and mobile) survey of the civilian, noninstitutionalized adult
US population that collects information on preventive health
practices and risk behaviors. In 2011, BRFSS added mobile
phone numbers to the sampling frame and implemented a new
weighting methodology. Differences observed in estimates of
HIV testing based on 2010 and earlier BRFSS and 2011 and
later BRFSS may be attributable to these design changes and
estimates of the percentage of persons ever tested during the 2
periods are not comparable [26]. The median weighted survey
responseratesfor all stateswere 49.7%in 2011, 45.2%in 2012,
and 45.9% in 2013 [27-29]. Ever tested for HIV and tested in
the last year were based on respondents who reported having
ever tested for HIV and whether the most recent HIV test was

http://publichealth.jmir.org/2017/1/e8/

within a year of their BRFSS interview date. Analyses were
weighted to account for the complex survey design,
nonresponse, and sociodemographic factorsto provide estimates
of HIV testing that are representative of the civilian,
noninstitutionalized population in the United States.

Data from National HIV Behavioral Surveillance (NHBS) for
2008, 2011, and 2014 were used to determine trends in HIV
testing among M SM, ever and within the past 12 months. NHBS
monitors HIV-associated behaviorsin 20 citieswith high AIDS
burden [30]. A venue-based sampling method is used for the
NHBSMSM cycles[31]. First, venuesfrequented by MSM (eg,
bars, dance clubs, gyms, restaurants, parks, street locations, and
social organizations) and days and times when men frequented
those venues are identified. Second, venues and corresponding
day-time periodswere selected randomly for recruitment events.
Third, men at recruitment eventswere systematically approached
to screenfor eligibility (aged =18 years, lived in a participating
city, and able to complete the interview in English or Spanish).
An additional eligibility criterion wasapplied in 2011 and 2014,
by which only men who reported ever having sex with another
man were eligible. Consent for participation in the survey was
obtained and trained interviewers used handheld computers to
administer astandardized anonymous questionnaire. All analyses
were conducted using SASversion 9.3 statistical software (SAS
Ingtitute Inc), except for the Bayesian hierarchical model, which
used R version 3.2.2 statistical software (The R Foundation for
Statistical Computing).

Results

HI1V Diagnoses, Incidence, and Testing Among theUS
Population

Annual diagnoses decreased from 48,309 in 2008 to 39,270 in
2013, an average rate of 4.0% per year, and diagnoses adjusted
for reporting delays decreased 3.1% per year from 48,938 in
2008 to 41,625 in 2013 (Table 2). In 2013, depending on the
model used, an estimated 34,400 (95% CI 27,700-39,000) to
36,300 (95% CI 34,000-38,500) persons were newly infected
with HIV in the United States. The CD4 model estimated an
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annual decrease of 4.6% in new infections from 2008 to 2013.  these years, the number of persons who reported ever having
The Bayesian hierarchical model also estimated a decreasein  received an HIV test or having had a test within the past 12
infections (2.6% per year) whereas the stratified extrapolation  months remained stable (Figure 1).

approach estimated stable numbers of new infections. During

Figure 1. Percentage of persons reporting testing for HIV, United States, 2008-2014. HIV: human immunodeficiency virus, BRFSS: Behavioral Risk
Factor Surveillance System; NHBS: National HIV Behavioral Surveillance; NHIS: National Health Interview Survey; MSM: men who have sex with
men.
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Table 2. Number of diagnoses of HIV infection and HIV incidence, by selected characteristics, United States, 2008-2013.

Measure Year EAPC2 P vaue
2008 2009 2010 2011 2012 2013
Total
Diagnosesof  No. 48300 45688 43637 41793 40872 39270  -40 <001
Y ecton o edNoD 48938 46428 44564 43043 42686 41625  -31 <001
Srratifiedextrapo-  No. 39000 36100 35300 36900 36700 36200  -0.7 22
lation approach e/ ¢ 33600 31,100 30500 31800 31600 31200
44400 41000 40200 42000 41,800 41,300
Bayesian hierar-  No. 39700 37,100 36200 35600 35200 34400  -26 <001
chical model 5505 36900 34700 33500 33300 31,300 27,700
42200 39900 39100 37,600 38000 39,000
CD4 model No. 46000 43900 41600 40000 38300 36300  -46 <001
95% Cl 44800 42600 40100 38300 36400 34,000

47,200 45,200 43,100 41,700 40,300 38,500

Black or African American

Diagnosesof  No. 22702 21325 20214 19108 18348 17517  -50 <001
Y necton o edNob 23013 21695 20660 19722 19234 18666 -4l <001
Stratifiedextrapo-  No. 17600 15400 14800 16200 15200 15600  -15 09
lation approach g0 o 15000 13200 12600 13800 12900 13,300
20200 17600 17,000 18500 17400 17,900
Bayesian hierar-  No. 18700 16700 15900 16100 16100 15900  -3.1 <001
chical model o505 16400 14700 14200 14200 14000 11500
21300 18700 17,200 17,800 19800 21,400
CD4 model No. 21,600 20700 19300 18300 17,000 16100  -57 <001
95% Cl 20700 19700 18200 17100 15700 14500

22,400 21,600 20,300 19,500 18,300 17,600

Hispanic or Latino

Diagnosesof  No. 9801 9466 9158 8998 8097 8788 20 <001
HIVinfection o edNob 9928 9615 9351 9263 9389 9299 -12 <001
Srratifiedextrapo-  No. 7900 7600 7600 8100 8000 8100 1.0 40
lation approach oo/ ¢y 6600 6300 6400 6800 6700 6800
9200 8800 8800 9300 9200 9500
Bayesian hierar-  No. 8100 8000 8100 8300 8200 8100 04 22
chical model  ge06 7200 6500 7000 7100 6100 5300
8900 8900 9100 9800 10200 10,500
CD4 model No. 9500 9200 8800 8700 8700 8600 22 05
95% Cl 8900 8600 8100 7800 7700 7400
10000 9900 9500 9500 9700 9700
White
Diagnosesof  No. 13109 12327 11768 11262 11142 10708  -38 <001
HIV infection
otimatedNoP 13264 12506 11993 11559 11574 11275  -31 <001
http://publichealth jmir.org/2017/1/e8/ JMIR Public Health Surveill 2017 | vol. 3 |iss. 1 e8| p.7
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Measure Year EAPC2 P vaue
2008 2009 2010 2011 2012 2013
Srratifiedextrapo-  No. 11,100 10900 10800 10400 11100 10600  -06 63
lation approach e/ ¢ 9300 9100 9100 8700 9400 8900
12900 12600 12500 12100 12900 12,300
Bayesian hierar-  No. 11,100 10200 10000 10000 10100 9800 21 <001
chicdl model 5505 10000 8300 9000 8500 7800 6500
12300 11,200 10900 12000 12300 12,600
CD4 modl No. 12400 11,500 11,100 10,700 10400 9500 47 <001
95% Cl 11,900 10900 10400 9900 9500 8400
13000 12100 11,800 11400 11,300 10,500

3EAPC: estimated annual percent change.
BNumbers are adjusted for reporting delays.

HI1V Diagnoses, I ncidence, and Testing Among
Population Segments

Among blacks, the number of HIV diagnoses decreased 5.0%
per year from 2008 to 2013 (4.1% for diagnoses adjusted for
reporting delays; Table 2). Among Hispanics or Latinos and
whites, diagnoses decreased 2.0% (adjusted, 1.2%) and 3.8%
(adjusted, 3.1%) per year, respectively. The CD4 model
indicated decreases in incidence among blacks, Hispanics or
Latinos, and whites, whereas the Bayesian hierarchical model
indicated decreases among blacks and whites and the stratified
extrapolation approach indicated that HIV incidence remained
stable among all race or ethnicity groups.

Among males, the number of diagnoses decreased 2.8% per
year from 2008 (36,614 diagnoses) to 2013 (31,578 diagnoses,
decrease in adjusted diagnoses, 2.0%; Figure 2). Trends in
estimated new HIV infections among males were inconsistent
between the models. Incidence decreased by 3.5% (95% CI
-4.6% to -2.4%) per year based on the CD4 model (2008:
35,600 infections, 95% Cl 34,500-36,600; 2013: 29,600
infections, 95% Cl 27,500-31,700), and by 1.5% (95% Cl —1.9%
to —1.2%) based on the Bayesian hierarchical model (2008:
31,500 infections, 95% Cl 28,200-33,900; 2013: 28,900
infections, 95% ClI 22,100-33,400). Based on the stratified
extrapolation approach, HIV incidence remained stable among
males (EAPC 0.9%, 95% CI —0.5% to 2.2%) from 2008 (29,400

http://publichealth.jmir.org/2017/1/e8/

infections, 95% Cl 25,300-33,500) to 2013 (29,800 infections,
95% CI 25,700-34,000). The number of HIV diagnoses and
infections among females decreased by about 30% between
2008 and 2013 using any measure, with average annual
decreases in incidence from 4.2% to 8.7%.

Among men with infection attributed to male-to-male sexual
contact, who accounted for 81.3% of maleswith HIV diagnosed
in 2013, the number of HIV diagnoses decreased by 1.0% per
year from 2008 (27,119 diagnoses) to 2013 (25,670 diagnoses),
with no significant decrease observed in the diagnoses adjusted
for reporting delays (Figure 3). During that time, the percentage
of MSM who reported testing for HIV within the past 12 months
increased from 63.0% in 2008 to 71.1%in 2014 (P<.001; Figure
1). More than 90% of MSM reported ever testing for HIV in
recent years. The number of new infections among MSM
increased by 2.5% per year (95% Cl 1.0%-4.0%) based on the
stratified extrapolation approach (2008: 22,600 infections, 95%
Cl 19,400-25,800; 2013: 24,700 infections, 95% ClI
21,200-28,200), but the CD4 model (EAPC -1.8%, 95% ClI
-3.0% to —0.5%; 2008: 27,400, 95% Cl 26,500-28,200; 2013:
24,600, 95% Cl 22,700-26,500) and Bayesian hierarchical model
(EAPC -2.5%, 95% Cl -2.9% to -2.1%; 2008: 25,700
infections, 95% CI 24,000-27,700; 2013: 22,800 infections,
95% CIl 19,000-26,800) both indicated a decrease in HIV
incidence (Figure 3).
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Figure 2. Number of diagnoses of HIV infection and estimated HIV infections, by sex, United States, 2008-2013. HIV: human immunodeficiency
virus, BHM: Bayesian hierarchical model; CD4: CD4 model; SEA: stratified extrapolation approach.
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Figure3. Number of diagnosesof HIV infection and estimated HIV infectionsamong MSM, United States, 2008-2013. HIV: human immunodeficiency
virus, BHM: Bayesian hierarchical model; CD4: CD4 model; SEA: stratified extrapolation approach; MSM: men who have sex with men.
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HIV Incidence Adjusted for Reporting Delay

When analyses were repeated with data adjusted for delaysin
reporting of HIV diagnoses to the National HIV Surveillance
System, the findings varied across models and population
segments. For all 3 models, incidence estimates based on data
adjusted for reporting delays did not change the interpretation
of trends for blacks, whites, and females (data not shown). The
Bayesian hierarchica model indicated a small increase in
incidence overall (EAPC 0.8%, 95% CI 0.5%-1.1%) and among
Hispanics or Latinos (EAPC 3.9%, 95% CI 3.2%-4.5%). For
men with infection attributed to male-to-male sexual contact,
estimates based on data adjusted for reporting delays from the
CD4 (EAPC -1.0%, 95% Cl —2.2% to 0.3%) and the Bayesian
hierarchical models (EAPC 0.66%, 95% CI 0.31%-1.01%) no
longer indicated a decrease in incidence.

Discussion

Principal Findings

The study findings are that diagnoses of HIV infection and
incidence estimates from 2 modelsindicate areductionin HIV
incidence from 2008 through 2013 overall and in
subpopulations, including women, men, and MSM. Compared
with earlier estimates of the number of new infections in the
United States [1,2,17], HIV incidence decreased from about
50,000 infectionsin the 1990s through the mid-2000sto around
36,000 infections in 2013. For MSM, previously published
estimates [1,2] indicate an increase in incidence from about
20,000 infectionsin the early 1990s to about 30,000 infections
in the mid-2000s, with relatively stable incidence thereafter
and, based on our analyses, about 25,000 infections in 2013.

http://publichealth.jmir.org/2017/1/e8/
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Our results from the stratified extrapolation approach for
2008-2010 are lower than the previously reported incidence
estimates for these years (47,500, 45,000, and 47,000,
respectively) based on the same model [2]. There is new
evidence that the mean recency period (an estimate of thetime
between seroconversion and the time the biomarker reaches a
value defined as di stinguishing recent vslong-standing infection)
of the BED assay islonger than previously estimated [18]. Use
of a shorter recency period in the past resulted in an
overestimation of incidence and therefore, arevision to modeling
with the stratified extrapolation approach was required. We
revised the method using the newly estimated recency period
of 198 days for the BED assay (compared with 162 days used
in the past) [18].

Our analysesindicated substantial reductionsin HIV incidence
in the United States, including among blacks and Hispanics or
Latinos, who are disproportionately affected by HIV. Theresults
al so suggest modest reductionsamong M SM, apopulation with
a considerably higher HIV prevalence than heterosexuals,
indicating the need for greater reach of HIV prevention services
to make substantial reductionsinincidence. HIV testing appears
to be increasing among MSM, potentially due to large-scale
national efforts, with a high and increasing proportion ever
tested for HIV and more M SM tested within the past 12 months.
This may be reflected in previously reported increasesin HIV
diagnoses among young MSM who are most likely to have
undiagnosed HIV, and the overall increase in awareness of HIV
infection among MSM [4,11]. Annual testing is recommended
for sexually active MSM and more frequent testing may be
indicated for those at highest risk for HIV infection to detect
HIV infection early, which allowsrisk counseling and initiation
of treatment and is cost effective [32-34]. Additional
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assessments are needed to determine whether testing is not
reaching certain subpopulations of MSM at high risk for HIV
infection.

More work needs to be done to alleviate the possible reasons
that HIV transmission continues at high rates among MSM,
including a proportion of MSM with viral suppression well
short of national goals [4,10], increases in risk behavior [35],
and lack of substantial uptake of pre-exposure prophylaxis
(PrEP) to date [36]. The overall high proportion of undiagnosed
HIV (51% in 2013) among young persons may contribute to
higher HIV transmission [4]. In addition, the proportion with a
suppressed viral load is lower among younger compared with
older MSM [37]. With MSM accounting for the majority of
transmissions of HIV in the United States[14,38], it is crucia
that prevention efforts reach all MSM.

Blacks and Hispanics or Latinos remain disproportionately
affected by HIV compared with whites. In 2013, about 44% of
personswho wereinfected with HIV were black and about 24%
Hispanic or Latino, compared with them comprising 12% and
17% of the US population, respectively. The decreasing trends
in diagnoses and incidence among women are encouraging and,
as previoudy reported, are mirrored by decreasing diagnoses
among black, Hispanic or Latino, and white women [39]. Data
on HIV testing in the United States for women overall do not
indicate that decreases in diagnoses among women would be
due to decreases in testing [40]. However, some data indicate
that testing among young women, including black and white
young women, has decreased from 2011 to 2013 [41], whereas
datafor women at increased risk for HIV infection from NHBS
indicate an increase in testing [42,43]. To achieve the goal of
the National HIV/AIDS Strategy of reducing disparitiesin HIV,
there is a need to strengthen treatment for persons living with
HIV to improve their health and prevent transmission, as well
asprimary prevention efforts[10]. Lower percentages of blacks
and Hispanics or Latinos living with HIV have their infection
diagnosed or are promptly linked to care after diagnosis [4].
Disparities by race or ethnicity also exist in receipt of treatment
and viral suppression overall as well as among women and
MSM [4,37,39].

Limitations

There are some limitations to each of the measures available to
estimate trendsin HIV incidence. Diagnoses represent acensus
of events for the United States. However, trends in diagnoses
depend on testing rates and are subject to diagnosis delays, with
an estimated median delay between HIV infection and HIV
diagnosis of 3.6 years (mean 5.6 years) for 2011 [21].
Back-calculation models to estimate incidence rely on valid
input data on diagnoses and the time from infection to late stage
disease (Table 1). An advantage to the CD4 model is that
historical data are not required. The Bayesian hierarchical
model, on the other hand, requires input data for the entire
epidemic period and hence additional uncertainty isintroduced

Hall et al

because of the need to estimate HIV cases for the early years
when HIV testing was not available and when few jurisdictions
had HIV reporting even after HIV testing became available.
Another advantage of the CD4 model isthat HIV surveillance
requiresthe reporting of thefirst CD4 count after HIV diagnosis
inall jurisdictions, and CD4 reporting completenessis expected
to increase as laboratory reporting improves [4]. Collection of
biomarker data for the stratified extrapolation approach is
limited to the 18 states and 3 cities participating in incidence
surveillance, requiring extrapolation to the remaining areas of
the United States [2]. The stratified extrapolation approach is
also subject to incidence assay and testing history inaccuracies
[44]. In addition, stratified extrapolation approach estimates
rely on a correctly calculated mean recency period for the
incidence assay used. We applied the updated mean recency
period of 198 daysfor the BED assay (compared with 162 days
used in the past) [18], which resulted in lower incidence
estimates compared with earlier estimates. These limitations
may also explain why theincidence estimates from the stratified
extrapol ation approach were at timesinconsi stent with the other
2 methods. Back-calculation models have greater uncertainty
inlater yearsreflected in wider Cls, and hence more uncertainty
in determining trends. Estimating incidence by age with
back-calculation models is more complex as age at HIV
infection must al so be estimated but could beincluded in future
work. Reporting of HIV diagnosesis subject to reporting delays
and duplicate reporting of cases, which primarily affect the
reporting of datafor the most recent years. Therefore, adjustment
for reporting delays may overestimate diagnoses when duplicate
cases have not been removed from the data. Finally, long-term
trend data on testing ratesto compare with diagnosistrends are
not available for the general population or the entire population
of MSM. The NHBS System relies on venue-based, time-space
sampling of MSM in 20 large urban areas and therefore may
not be representative of the entire MSM population. Testing
dataare also subject to accuracy of recall and possibly response
influenced by social desirability.

Conclusions

In summary, incidence models estimated that about 36,000
people were infected with HIV in the United States in 2013.
From 2008 to 2013, HIV diagnoses decreased overall, among
both sexesand all race or ethnicity groups, and similar to earlier
estimates of HIV incidence [45,46], the CD4 and Bayesian
hierarchical modelsindicated decreasesinincidence. The overdll
decrease in incidence reflects a substantial decrease among
women, heterosexual men, and as previously reported, among
persons who inject drugs [1,2]. However, further progress is
dependent on effectively reducing HIV incidenceamong MSM,
among whom the mgjority of new infections occur. To do so,
the nation will need to accel erate accessto testing, antiretroviral
therapy, and prevention advances, including PrEPR, to reduce
HIV infections by the targeted 25% of the National HIV/AIDS
Strategy [10,47,48].
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Abstract

Background: Administrative records from insurance and hospital discharge data sources are important public health tools to
conduct passive surveillance of diseasein populations. Identifying rare but catastrophic conditionsisachallenge since approaches
for maximizing valid case detection are not firmly established.

Objective: The purpose of our study was to explore a number of algorithms in which International Classification of Diseases,
Ninth Revision, Clinical Madification (ICD-9-CM) codes and other administrative variables could be used to identify cases of
muscular dystrophy (MD).

Methods: We used active surveillance to identify possible cases of MD in medical practices in neurology, genetics, and
orthopedics in 5 urban South Carolina counties and to identify the cases that had diagnostic support (ie, true cases). We then
developed an algorithm to identify cases based on a combination of ICD-9-CM codes and administrative variables from a public
(Medicaid) and private insurer claims-based system and a statewide hospital discharge dataset (passive surveillance). Cases of
all types of MD and those with Duchenne or Becker MD (DBM D) that were common to both surveillance systemswere examined
to identify the most specific administrative variables for ascertainment of true cases.

Results. Passive statewide surveillance identified 3235 possible cases with MD in the state, and active surveillance identified
2057 possible cases in 5 actively surveilled counties that included 2 large metropolitan areas where many people seek medical
care. There were 537 common cases found in both the active and passive systems, and 260 (48.4%) were confirmed by active
surveillance to be true cases. Of the 260 confirmed cases, 70 (26.9%) were recorded as DBMD.

Conclusions: Accuracy of finding atrue casein apassive surveillance system wasimproved substantially when specific diagnosis
codes, number of times a code was used, age of the patient, and specialty provider variables were used.

(JMIR Public Health Surveill 2017;3(1):€2) doi:10.2196/publichealth.6720
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Introduction

Administrative records that include insurance claims, hospital
discharge datasets, and vital records have become important
public health tools to understand prevalence of disease in
populations [1-4]. Some studies have explored agorithms that
can identify incident cases [5,6], while others used agorithms
to identify prevalent conditions [2,7]. The special case of
identifying rare but catastrophic conditions has emerged as a
challenge since understanding the effects of these conditions
on populationsisimportant for medical, public health, insurance,
and advocacy groups[8-10]. Active approachesto case finding
can be effective in identifying and describing cases[11] but are
time intensive and expensive. With the growing availability of
administrative data sources for researchers and public health
practitioners, prospects of conducting surveillance more
efficiently using such data sources are intriguing. However,
approaches for maximizing the validity of case detection using
such data sources are not yet established.

Muscular dystrophy (M D) isaparticularly challenging condition
for surveillance because there are 9 types with different
presentations and all types are rare. There are 2 relatively
common types, Becker MD and Duchenne MD (DMD), which
have childhood or young adulthood onset and are more common
in males. DMD is characterized by onset of symptoms by age
4 years, followed by substantial muscle weaknessin childhood
and progression to loss of mobility by adolescence and high
risk of mortality from respiratory and cardiac failure in young
adulthood. Becker MD typically isassociated with an older age
of onset and slower progression of muscleweaknessthan DMD
[12]. The prevalence of Duchenne/Becker MD (DBMD) in US
males aged 5 through 24 years old, using active surveillance,
is estimated to be 1.38 per 10,000 [11]. The International
Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) code for identification of DBMD is 359.1.
However, this code includes other hereditary progressive
muscular dystrophies (eg, limb-girdle), so the prevalence of
DBMD cannot be isolated when using passive surveillance
methods. Similarly, the International Classification of Diseases,
Tenth Revision, Clinical Modification (ICD-10-CM) code used
toidentify DBMD, G71.0, includes other hereditary progressive
muscular dystrophies.

This study was designed to explore the value added using a
number of algorithms to identify cases that had diagnostic
support for MD (henceforth referred to as true cases) from
administrative data sources, including insurance claims and
hospital discharge uniform billing datasets. The feasibility of
distinguishing between DBMD and other muscular dystrophies
was also investigated.

Methods

Overview

The 2 methods of data collection used for this project are (1) a
passive surveillance system whereby data about cases of MD
were ascertained through the linkage of a private and public
(Medicaid) insurance program and an all-payer hospital
discharge data system and (2) an active surveillance system

http://publichealth.jmir.org/2017/1/e2/
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whereby data about cases of MD were abstracted directly from
medical records from medical practices that serve individuals
with this condition. The passive system included all 46 counties
in South Carolina, and the active surveillance was conducted
in 5 target counties (combined population 1.4 million), which
included 2 metropolitan centers with large university- affiliated
hospital systems. The active and passive systems were
independently conducted.

The active system’s data collection was completed by the
Maternal and Child Health Bureau at the South Carolina
Department of Health and Environmental Control (DHEC), and
the passive system’s data analysis was compl eted by the Health
and Demographics Section of the South Carolina Revenue and
Fiscal Affairs (RFA) Office. DHEC is the state heath
department, and RFA serves as a central repository for health
and human service datain South Carolina. Data usage approvals
for the passive system were obtained from participating
organizations from which the data originated and the South
Carolina Data Oversight Council. Active data collection was
conducted in accordance with established ethical principlesand
approved by the DHEC Ingtitutional Review Board. Upon
completion of the 2 systems, the datasets were linked at RFA.
Analyses were then performed at RFA, and aggregate results
were provided to investigators.

Passive Surveillance

The passive surveillance system relied on identification of
ICD-9-CM codes from insurers and hospital discharge data.
People with MD do not necessarily receive carein their county
of residence, so the entire state was included in the passive
system. We used | CD-9-CM codes 359.0 (congenital hereditary
muscular dystrophy), 359.1 (hereditary progressive muscular
dystrophy), and 359.21 (myotonic muscular dystrophy) to flag
cases from administrative health databases from 1998-2012 in
the passive system. Thelinked insurance and hospital discharge
data included the following variables: MD ICD-9-CM codes,
sex (male, female), age (18 years and younger, over 18 years),
race (white, African American, other), other neurologic code
(an 1CD-9-CM code for diseases of the nervous system other
than M D), setting of care (inpatient, outpatient, clinic), specialty
of provider noted on the claim (neurology, cardiology, genetics,
orthopedics, other), and prescription for corticosteroid (yes, no).
The current standard of carefor DBMD includesthe prescription
of steroid medication; thus, this information was included to
test its utility in identifying DBMD cases.

Active Surveillance

Theactive system relied on record reviewsin specialty physician
offices in the 5 selected counties that are served by 2 large
medical centers. Medical practicesfor physiciansin neurology,
genetics, and orthopedicswereidentified through state licensure
data and a nurse from the health department with public health
surveillance authority scheduled a visit to these practices to
abstract medical records with an MD ICD-9-CM code. The
nurse was given 2067 records, in total, with an ICD-9-CM code
for MD, without consideration of the year of service. Of these
2067 records, 384 (18.58%) were confirmed as true cases after
medical record review. It should be also noted that that 1530
(74.02%) of the actively reviewed records were not in the
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passive system and that 124 of those individuals were
determined to be true cases. Likely reasons for being omitted
from the passive system were that these individualswereinsured
by Medicare or by a private insurer that was not in the passive
system and they did not have a hospitalization within the state
during the study period. The nurse abstracted information from
medical records to determine instances of true cases, where
there was positive clinical or genetic diagnostic support for an
MD diagnosis. Active unconfirmed cases included those that
had a negative clinical or genetic test result for MD and/or a
diagnosis of another condition (not MD).

Casesof MD

The 537 cases that were found in both systems were used to
investigate whether passively collected variables, in addition
to ICD-9-CM codes, could aid in the detection of true cases of
MD without active surveillance.

Statistical Approach

Logistic regression models and knowledge of coding practices
and disease course were used to determine which passively
collected variables could be useful for predicting which
individuals identified in the administrative data would be
confirmed as true cases by active surveillance. Models were

Smith et al

estimated only for the subset of individual swho wereidentified
as potential cases in both the active and passive surveillance
approaches. We report coefficientsand P valuesfor the variables
instead of odds ratios because we are using logistic regression
to predict MD status and not to examine the association of this
status with individual variables or to report the relative odds of
having confirmed cases of MD. We considered a P value less
than or equa to .05 to be statistically significant. Variables
selected for the algorithms included (1) provider specialty
(neurology, cardiology, orthopedics, genetics, or other), (2)
location of service (inpatient, outpatient, or clinic), (3) number
of timesacode wasidentified on claims during the study period,
(4) other neurological and muscular disease codes carried
forward after an initial MD code was registered, (5) age at first
coded claim, (8) sex, and (9) race. The accuracy rate was defined
asthe number of true cases divided by thetotal number of cases
(true positives / true positives + false positives) and was used
to assess the value of the algorithms. Textbox 1 displays the
MD ICD-9-CM codes and types of MD associated with each
code. First, we noted if 1 of the 3 MD codesidentified any type
of MD. Then, we determined if a code identified the correct
type of MD. Finally, we determined how accurately code 359.1
identified cases of DBMD.

Textbox 1. ICD-9-CM codes for muscular dystrophy and types of muscular dystrophy associated with codes.

359.0 Congenital hereditary muscular dystrophy:
«  Benign congenital myopathy

o  Central core disease

«  Centronuclear myopathy

«  Myotubular myopathy

«  Nemaline body disease

359.1 Hereditary progressive muscular dystrophy:
o  Becker

. Dista

«  Duchenne

.« FErbs

«  Fascioscapulohumeral

. Gower's

«  Landouzy-Dejerine

« Limb-girdle

o  Ocular

«  Oculopharyngea

359.21 Myotonic muscular dystrophy:
«  Dystrophiamyotonica

.  Myotoniaatrophica

«  Myotonic dystrophy

«  Proximal myotonic myopathy

o  Steinert’sdisease

http://publichealth.jmir.org/2017/1/e2/

JMIR Public Health Surveill 2017 | vol. 3 |iss. 1 |e2 | p.17
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

Results

Overall, there were 2698 potential M D casesidentified through
the passive data system only, 1530 potential MD cases through
the active data system only, and 537 potential cases identified
by both the active and passive data systems. Among these, 260
were determined to be true cases of which 70 were diagnosed
as DBMD.

Table 1 displays results from logistic regression models of the
cases identified through both active and passive surveillance,
stratified by whether the first MD code was identified on or
before 18 years of age. To predict the true casesfor those under
age 18 years, the variables that were statistically significant

Smith et al

were number of times the MD code was recorded during the
study period, having MD identified by an inpatient claim or at
least 2 outpatient claims 30 days apart, and being male. Having
avisit with aspecialist other than aneurologist during the study
interval was the only other marginally significant predictor
(P=.054). To predict the true casesfor those identified after age
18 years, we had thefollowing statistically significant predictors:
number of times the MD case was recorded during the study
period, having MD identified by an inpatient claim or at least
2 outpatient claims 30 days apart, being white, and having
another neurologic syndrome coded after the first code of MD
in the record. For those over 18 years, being male was only
marginally significant (P=.054).

Table 1. Determining variables important in muscular dystrophy a gorithm development using data from 5 South Carolina counties, 1998-2012.

Age group <18 years Age group >18 years
Parameter Referent group Estimate/coefficient P vaue Estimate/coefficient P value
Number of MD? codes Number of encounterswith  0.0065 .014 0.0211 .035
recorded MD codes—continuous
variable
MD identified by inpatient MD code used for only 1 1.3687 .001 1.0676 .001
claim or 2 outpatient claims  outpatient claim or 2 claims
at least 30 days apart less than 30 days apart
Sex (male) Female 1.1856 .001 0.5080 .054
Race (African American) White -0.4621 242 -0.8774 .004
Race (other) White -0.7188 120 -2.3076 <.001
Neurologist coded MD No neurology specialist -0.4945 .203 -0.0871 .796
coded MD
Other speciaist coded MD  No other specialty physician  0.6661 .054 -0.2619 .368
coded MD
Other neurologica syn- No other neurology syn- 0.1290 .838 -1.1373 .004
drome coded after MD drome coded
Patient age In years—continuous vari-  0.0449 120 0.0158 .081

able

3\ID: muscular dystrophy.

See Multimedia Appendix 1 for the number of MD cases
identified in both active and passive data systems by
confirmation status along with the percentage of true cases for
a variety of variable combinations from the passive data
Overall, 537 caseswereidentified in both the passive and active
systems. It should be noted that, of the 260 actively confirmed
true cases, about 25% were of unknown MD type. Passively
collected datawith at least one 1 of any of the MD codes (359.0,
359.1, or 359.21) did not accurately predict true MD casesin
genera (accuracy rate 260/537, 48.4%) or true DBMD in
particular (accuracy rate 136/537, 25.3%). However, 1 of the
codes (359.21 for myotonic MD) did have a high probability
for accurately predicting any MD (accuracy rate 88%) and for
predicting myotonic MD in particular (accuracy rate 46/58,
79.3%). Restricting to data with at least 1 inpatient
hospitalization code or 2 other medical claim codes marginally
improved the accuracy for any MD code collected passively
(accuracy rate 224/378, 59.3%, for any confirmed M D; accuracy
rate 118/378, 31.2%, for confirmed DBMD). When restricting
to only cases coded with the 359.1 (hereditary progressive MD)

http://publichealth.jmir.org/2017/1/e2/

ICD-9-CM code, whichisthe most appropriate codefor DBMD,
and males|essthan 18 years of age at first recorded 359.1 code
and 1 inpatient code or at least 2 outpatient codes, a diagnosis
of a case of any type of MD was atrue case 82.8% (77/93) of
the time, and a diagnosis of DBMD was a true case 63.8%
(51/80) of the time. If a neurologist or other specialist coded
359.1, thiswas indicative of atrue case of any MD type 83.1%
(49/59) and 82.8% (77/93) of the time, respectively, and was
indicative of atrue case of DBMD 66% (33/50) of the time for
neurology claims and 64% (51/80) of time for other specialist.
If a prescription for prednisone or prednisolone was recorded
in the claims system, this was indicative of a true case of any
MD type 80% of the time and was indicative of atrue case of
DBMD 62.9% (22/35) of thetime. Asmorevisitswith the 359.1
code wereidentified, accuracy increased for any MD typefrom
78.1% (82/105) for 1 visit to 86.2% (75/87) for 3 or more visits
and to 96% for 10 or more visits. Furthermore, accuracy
increased for identifying a true case of DBMD from 60.0%
(54/90) for 1 visit to 66.2% (49/74) for 3 or more visits and to
82% for 10 or more visits.
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Discussion

Principal Findings

This study demonstrates the potential to improve the validity
of case identification for MD in administrative (billing) data
with simple measures. We found that while accuracy of linked
administrative data was low when using a straightforward
criterion of a single diagnosis with MD, it improved
substantially when additional factors were included in the
algorithm. Consideration of specific diagnosis codes and number
of diagnoses present in the data appeared to have the greatest
impact. The diagnosis codefor congenital hereditary MD (359.0)
was consistently less predictive than codes for hereditary
progressive MD (359.1) and myotonic MD (359.21). Based on
thesefindings, health servicesresearchers need to be well versed
about the limitations of using ICD-9-CM codes; for rare
conditions, they need to be confident that the population from
which the study group isidentified is large enough to produce
meaningful results. Accuracy increased substantially with the
number of times a diagnosis of MD occurred, with the bulk of
the improvement occurring between 1 and 8 diagnoses. These
results were similar to a study by Kaye et a [13], which found
that using (1) the specific codefor amyotrophiclateral sclerosis
(ALS) versus other motor neuron disease |CD-9-CM codes, (2)
the code for ALS recorded on multiple visits, and (3) the ALS
code from a neurology specialty claim all increased the ability
to identify true cases of ALS from administrative data. The
similarity of these algorithmsis encouraging in that it suggests
that this process may be generalizableto other rare neurological
conditions.

Limitations

This research has a number of important limitations. First, we
only included datafrom South Carolina, a state with apopulation
of 4.8 million residents in the southeastern United States.
Replication in other geographic locations would be helpful for
assuring generalizahility. Second, the study was conducted using
ICD-9-CM codes, and as of October 1, 2015, health providers
have converted to ICD-10-CM codes; thus, our study provides
insight into the identification of cases prior to 2015. It may not
be appropriate to extrapolate the findings of this study to
research using ICD-10-CM data. However, research on rare
conditions using administrative data will continue to rely on
ICD-9-CM coding for sometime, given thelimited samplesizes
that will be available in ICD-10-CM coded records for several
years.

Third, the cases in the passive system were identified if the
individual received a service during the period 1998-2012, but
the active surveillance was not limited by service date. This
probably contributed to a number of cases that were identified
by the active system. Fourth, the study would have been
improved if we could have done active surveillance throughout
the state, but this was not feasible due to financial limitations.
We believe there were cases found in the passive system that
were not identified through active surveillance because they
received carein other counties. Finally, small cell sizesimpaired
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our ability to conduct some analyses, particularly for myotonic
MD. Additional research using data from multiple geographic
regions may be necessary to establish the validity of billing data
to identify individual s with myotonic MD.

The passive system included all provider specialty types, other
professional claims, and coded facility claimsfrom all counties
within the state whereas the active system only included sel ected
specialty practices in 5 counties. Therefore, it was anticipated
that a number of cases would be present in the passive system
but not found in the active one. Likewise, the active system
identified cases from some payer sourcesthat were not available
in the passive system.

Thereareimportant potential advantagesto using administrative
data to study health care utilization and health outcomes for
individuals with MD. First, the low prevalence of MD means
that identifying affected individuals for enrollment in primary
research studies can be very time consuming and expensive.
Second, the range of data available from billing records is
excellent for answering research questions related to receipt of
services, number and causes of emergency department visits
and hospitalizations, and health care expenditures. In some
states, including South Carolina, linkable datawarehouses exist,
facilitating linkage to other data sources such as vital records,
which enables research investigating risk of death and specific
causes of mortality. Another benefit of research using secondary
data is that it is not subject to limitations in recall on the part
of study participants, family members, or health care providers
since billing is conducted prospectively at the time of care
delivery.

In applying algorithms to improve accuracy of billing data for
identifying cases of MD, it is important to keep in mind the
ultimate goals of the research. If the goal isto identify potential
demand for resources, it may be preferable to maximize
senditivity to avoid insufficient resource allocation. On the other
hand, if the goal isto evaluate the receipt and potential benefits
of specific health care services for individuals with MD, using
algorithms to maximize specificity and accuracy islikely to be
preferable. For other types of research questions, it may be that
conducting sensitivity analyses over arange of assumptionsis
the best approach. In every casg, it isimportant to keep in mind
the balance of sensitivity and specificity, as increasing one
reduces the other.

Conclusion

Administrative records have become important public health
tools to understand prevalence of disease in populations. We
explored the identification of arare but catastrophic condition,
muscular dystrophy, to maximize the validity of case detection
using such data sources. Accuracy was low when using a
straightforward criterion of a single code for MD; however, it
improved substantially when additional administrative variables
were included in the agorithm. Consideration of specific
diagnosis codes, number of times a code was used, and
demographic variables appeared to have the greatest impact on
accuracy.
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Abstract

Background: The popularity and use of electronic cigarettes (e-cigarettes) has increased across all demographic groups in
recent years. However, littleis currently known about the readability of health information and advice aimed at the general public
regarding the use of e-cigarettes.

Objective: The objective of our study was to examine the readability of publicly available health information as well as advice
on e-cigarettes. We compared information and advice available from US government agencies, nongovernment organizations,
English speaking government agencies outside the United States, and for-profit entities.

Methods: A systematic search for health information and advice on e-cigarettes was conducted using search engines. We
manually verified search results and converted to plain text for analysis. We then assessed readability of the collected documents
using 4 readability metrics followed by pairwise comparisons of groups with adjustment for multiple comparisons.

Results: A total of 54 documents were collected for this study. All 4 readability metricsindicate that all information and advice
on e-cigarette use iswritten at alevel higher than that recommended for the general public by National Institutes of Health (NIH)
communication guidelines. However, health information and advice written by for-profit entities, many of which were promoting
e-cigarettes, were significantly easier to read.

Conclusions: A substantial proportion of potential and current e-cigarette usersare likely to have difficulty in fully comprehending
Web-based health information regarding e-cigarettes, potentially hindering effective health-seeking behaviors. To comply with
NIH communication guidelines, government entities and nongovernment organizations would benefit from improving the
readability of e-cigarettes information and advice.

(JMIR Public Health Surveill 2017;3(1):el) doi:10.2196/publichealth.6687

KEYWORDS
electronic cigarettes; tobacco use cessation products; health services; consumer health information; health education

contested evidence regarding their safety and effectiveness in
hel ping smoking cessation [4,5], many e-cigarette usersbelieve
that they have better health, including improved breathing, less

Introduction

The popularity and use of electronic cigarettes (e-cigarettes)

has rapidly increased across all demographic groups in recent
years [1]. In fact, there is a continuing increase in not only
Web-based promotional messages for e-cigarette brands and
flavors [2], but also the use of e-cigarettes by non or
former-smokers[1] and youth [3]. Despite inconclusive and

http://publichealth.jmir.org/2017/1/el/

coughing, and lesser chance of getting a sore throat when
compared with combustible cigarette users[3]. Thus, analyzing
readability (ie, how difficult a text is to understand) of easily
accessible e-cigarette related health information and advice
(EHIA) is amuch needed step toward understanding available
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EHIA and identifying opportunities to enhance health advice
practices for specific target populations.

The Internet has become a prominent source of text-based health
information for consumers[6]. Meanwhile, health information
is only productive if it is understood by its audience. The
average American adults’ reading level is estimated to be at the
8th grade [7]. Thus, the US Department of Health and Human
Services (HHS) [8] and the National Institutes of Health (NIH)
[9] recommend health information to be written at 6th to 7th
grade level, which is the expected reading level for age 10 to
13 yearsin the US education system. These recommendations
are made to ensure the understandability of health information
and reduce health information deficitsin the general population.

A number of studies have investigated the readability of
health-related content on the Internet. Across these studies,
researchers consistently found empirical evidence that text-based
consumer health information resources were too complex for
the recommended 6th to 7th grade reading level [8,9]. For
instance, smoking education material s[10], warnings on al cohol
and tobacco products [11], Web-based patient education
materials[12-14], informed consent documentsused in clinical
trial research [15], government endorsed written action-plan
handouts [16], and commercialy available health information
[17] were found to require higher literacy levels than that
recommended by the NIH and HHS. Moreover, health
information available from commercially funded sources was
significantly more difficult to read than information available
from government-funded sources [18]. This complexity often
led to comprehension errors[19,20] for average Americans. We
believe that this study is the first study that examines the
readability of EHIA available on the Internet.

Methods

A systematic search of EHIA was conducted using 3 search
engines (ie, Google, Yahoo, and Bing) in January of 2016. We
simulated the behavior of general consumers using various
combinations of search terms. advice, cig, cigarette, e,
electronic, health, and information. Then for comparison
purposes, we specifically searched for EHIA from various US
public health agencies (eg, HHS), other English speaking
nations' public health agencies (United Kingdom, Australia,
New Zealand, Canada), popular consumer health information
sites (eg, WebMD), as well as hongovernment organizations
(eg, Wikipedia).

In this study, data was only gathered from the first page of
search results for each search engine, as most users rarely
investigate past the first page of search results[21], and so our
focus with this work is the analysis of the most frequently
accessed EHIA, rather than acomprehensive study of all EHIA.
We manually verified search results and retained those webpages
that included any EHIA. We excluded articles published in
peer-reviewed journals since general consumers are unlikely to
read them. Any figures, such as pictorial descriptions, were
removed and the webpages were converted to plain text for
analysis.

http://publichealth.jmir.org/2017/1/el/
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Organization typeswere determined by the affiliations, funding
sources, and available classification information for each
organization. Severa websites had no explicit indication of their
affiliations or funding sources. We assumed that they were
for-profit entities due to their informational advertising style
content. Moreover, several documents formed part of a bigger
document (eg, Wikipedia), in which case we only included
sections on EHIA in this study (see Multimedia Appendix 1).

To assess readability (ie, the estimated US grade level that is
required to comprehend atext), we used Flesch-Kincaid grade
level [22], Smple Measure Of Gabbledygook (SMOG) Index
[23], Coleman and Liau Index [24], and automated readability
index [25], which are widely used metrics in previously
mentioned readability studies [10-16,18]. To perform the
automated readability analysis, we used the open-source Python
textstat package [26]. In order to increase the reliability of our
readability metrics, and given that different readability metrics
can generate a range of results, our analysis was based on the
mean of the 4 readability metrics. We then conducted pairwise
independent samplet teststo compare readability scoresamong
different groups (ie, for-profit entities, nongovernment
organizations, non-US government entities, the US government,
the US government entities written for teens) followed by P
value adjustments using the prespecified Hommel procedure
[27] to adjust for multiple comparison. The research reported
in this study was exempted from review by the University of
Utah Institutional Review Board (ethics committee)
(IRB_00076188).

Results

We collected a total of 54 documents for this study including
materials from 27 US government entities (eg, HHS), 10
for-profit entities (eg, Consumer Affair), 7 non-US government
entities (eg, Ministry of Health New Zealand), 7 nongovernment
organizations (eg, Mayo Clinic), and 3 documents that were
specifically written for teens by US government entities (eg,
National Institute on Drug Abuse).

Complete readability scores for each document are presented
in Multimedia Appendix 1. On average, the following grade
reading levels (standard error) were required to understand the
materials from these organizations (see Multimedia Appendix
2):

- for-profit entities: 10.46 (0.55)

«  nongovernment organizations: 14.30 (0.86)

« non-US government entities: 14.44 (0.58)

« theUSgovernment: 13.48 (0.33)

- the US government entities written for teens: 10.71 (1.15)

Theoverall comparisons of different groupsare shownin Table
1, and the details of comparison results using individual metrics
are available in Multimedia Appendices 3-6. Content from
for-profit entities was found to be significantly easier to read
when compared with materialsfrom all other entities except for
materials written for teens by the US government. The
differences among all other groups were not found to be
significant (Table 1).
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Table 1. Pairwiset test using average scores of 4 metrics.

Park et a

Organization Type Organization Type t value P value Adjusted P value
(Hommel)
Versus for-profit entities Nongovernment organizations -3.97 .001 .01
Non-US government entities -4.90 <.001 .002
US government -4.76 <.001 <.001
US government (teen) -0.21 .84 .89
Versus nongovernment organizations Non-US government entities -0.14 .84 .89
US government 1.07 .29 .88
US government (teen) 2.36 .05 .23
Versus non-US government entities US government 1.36 .18 .59
US government (teen) 3.27 .01 .07
Versus US government US government (teen) 2.64 .01 .08
Discussion of those potential and current e-cigarettes users seeking EHIA

Principal Findings

In this study, we used 4 different readability metricsto evaluate
the readability of EHIA from 54 sources gathered on the
Internet. All 4 metricsindicatethat all located EHIA arewritten
at a higher level than the recommended level for the genera
public. Moreover, EHIA written by for-profit entities, many of
whom were advocating e-cigarettes, were significantly easier
to read than material swritten by nongovernment organizations,
non-US government entities, and the US government. Our
results contrast with the results of a previous readability study
comparing health information written by commercially funded
sources and government-funded sources [18]. However, both
studies found that the readability of health information was
generally too difficult for the public. One encouraging finding
in this study is that materials written specifically for teens by
US government entities were easier to read than other materials
generated by US government entities aimed at the general
population, athough the difference was found significant for
only 1 metric— Coleman and Liau Index (see Multimedia
Appendix 5).

Limitations

We recognize various limitations of this study. First, individuals
accessing EHIA on the Web may not be representative of the
general population. However, given that the Internet has become
anincreasingly popular resourcefor gathering health information
in recent years [6,28], it is likely that a substantial proportion

Acknowledgments

on the Web would have experienced difficulties in fully
comprehending “official” health advice, potentially hindering
effective health-seeking behaviors. Second, we acknowledge
that readability measures alone may not be a perfect
representation of reading level [29]. For instance, EHIA could
contain pictorial information, which has been shown to be more
effective than text-only messagesin conveying health warnings
on tobacco packages [30]. In this study, we focused on textual
information as text remains the primary medium for health
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used search engines.

Conclusions

The results of this study suggest that EHIA generated by the
for-profit sector is easier to read than EHIA generated by
government entities. In order to comply with communication
guidelines of the NIH and HHS, government entities and
nongovernment organizations would benefit from improving
the readability of EHIA.
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Multimedia Appendix 1
Individual scores.
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Multimedia Appendix 2
Mean (SE) of each organization type.

[PDE File (Adobe PDF File), 23KB - publichealth v3ilel app2.pdf ]

Multimedia Appendix 3
Pairwiset test of Flesch Kincaid Grade.
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Multimedia Appendix 4
Pairwiset test of SMOG Index.
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Multimedia Appendix 5
Pairwiset test of Coleman Liau Index.
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Multimedia Appendix 6
Pairwiset test of Automated Readability Index.
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Abstract

Background: We engaged Canadian women in the development of a prenatal education program delivered via one-way text
messaging called SmartMom. SmartMom is the first peer-reviewed, evidence-based mHealth program for prenatal education in
Canada and the first to be endorsed by the Society of Obstetricians and Gynaecol ogists of Canada.

Objective: To explore women's preferences for a prenatal education program by text messaging.

Methods: We conducted a qualitative focus group study in three Canadian communities in the Northern Health Authority.
Women completed a demographic questionnaire, participated in a guided discussion about their pregnancy information-seeking
behavior, reviewed a printed copy of the SmartMom text messages, and then engaged in a moderated discussion about their
perceptions of the usability of the SmartMom program. Open-ended questions explored women's perceptions regarding the
message content, acceptability of receiving information by text message, positive health behaviors they might engage in after
receiving a message, modifiable program factors, and intention to use the program. Thematic analysis of transcribed audio
recordings was undertaken and modifications were made to the SmartMom program based on these findings.

Results: A total of 40 women participated in seven focus groups in three rural northern communities. The vast majority had a
mobile phone (39/40, 98%), used text messages “all thetime” (28/40, 70%), and surfed the Internet on their phone (37/40, 93%).
Participants perceived SmartMom to be highly acceptable and relevant. The text message modality reflected how participants
currently sought pregnancy-related information and provided them with local information tailored to their gestational age, which
they had not received through other pregnancy resources. Women recommended adding the opportunity to receive supplemental
streams of messages tailored to their individual needs, for example, depression, pregnancy after previous cesarean, >35 years of
age, new immigrants, and harm reduction for smoking and alcohol.

Conclusions: This formative qualitative evaluation provides evidence that a prenatal education program by text messaging,
SmartMom, is acceptable to the end users. These findings support the usability of the SmartMom program at a population level
and the devel opment of an eval uation program exploring the effects of the text messages on adoption of health-promoting behaviors
and maternal-child health outcomes.
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Introduction

Prenatal education isdesigned to teach women and their support
persons about the physiologic and psychological changes of
pregnancy; what to expect during prenatal care; and how to
prepare for labor, birth, and newborn care [1]. A Cochrane
systematic review conducted by Gagnon and Sandall in 2007
[2], currently being updated by Brixval et al [3], investigated
the effect of structured individual or group antenatal education
and concluded that the effect of general antenatal education on
both health and psychosocial outcomesisunclear. A more recent
systematic review of the international literature investigating
the effect of antenatal education on labor and birth found that
positive effects might include fewer fal selabor admissions, less
anxiety, and more partner involvement [4]. In Canada, thefirst
national study of women'’s childbirth experiences reported that
65.6% of Canadian women attended prenatal classes in their
first pregnancies [5]. However, women living in a household
at or below the low-income cutoff were less likely to attend
classes (24.1%, 95% Cl 21.6-26.7) than women living in a
household above the low-income cutoff (34.7%, 95% ClI
33.5-35.9) [5]. In Canadian rural and remote settings, accessis
a significant issue and prenatal classes may be offered as
infrequently as once per year and require travel to other
communities [6].

Internationally, women have significant gaps in understanding
the determinants of healthy pregnancy outcomes, such as the
role of healthy weight gain [7] and nutrition [8]. In Canada, an
Ontario population-based survey with a 94% response rate
indicated that only 25% of respondents had been told by their
caregiver that there were risks associated with inappropriate
weight gain [9]. A 2009 study in Toronto reported that 80% of
pregnant women believed that an influenza vaccine given during
pregnancy caused birth defects [10]. Typically, prenatal
appointments with family doctors and obstetricians last only
10-15 minutes and thus physicians tend to focus on biomedical
issues rather than on health promotion and education [11].
Consequently, thereisaneed for resourcesin an accessible and
acceptable format that provide pregnant women and families
with the information and skills to engage in healthy behaviors
during pregnancy, labor, and birth.

An emerging body of evidence supports the utility of text
messaging in provoking attitudinal and behavior change in the
areas of smoking cessation, alcohol consumption, and disease
management [12-14]. Short message service (SMS) text
messaging interventions combine the reach and scalability of
mass media with the personalization of health communication
through the tailoring of messages to individuals health needs
and preferences[15,16]. Mobile phone messaging is al so useful
in accessing remote or hard-to-reach populations and in
providing patientswith timely health information and education
[15].

http://publichealth.jmir.org/2017/1/e7/

In the United States, the Text4baby program was launched in
2010 to provide prenatal education via text message to reduce
therate of premature birth and infant death, particularly among
low-income and minority groups. As of December 2016, the
service had enrolled over 1,077,628 English- and
Spanish-speaking women sincelaunching [16,17]. A randomized
controlled trial of the Text4baby program among female military
health beneficiaries in 2013 found that high exposure to
Textdbaby had a significant effect on self-reported alcohol
consumption postpartum (odds ratio [OR] 0.212, 95% CI
0.046-0.973) [14]. Exposureto at | east one message on prenatal
health vitamins was associated with increased agreement with
belief in the importance of taking vitamins (OR 1.91, 95% ClI
1.08-3.34) [18].

While there is evidence on the impact of mobile phone
messaging on health behavior change, littleis known about the
characteristics of effective programs and how to successfully
implement such programs at a population level. Ina2010-2011
study, an evaluation of Text4baby assessing enrollment and
usage among a prospective cohort of Atlanta, Georgia, women
observed that despite high interest in the program, women who
wereyounger (<26 years), lesseducated, and had lower literacy
were more likely to have interrupted messages [19]. These
findings indicate the importance of understanding patient
perspectives on the feasibility of delivering SM S text message
health promotion in underserved popul ations. Further, involving
end usersin all stages of text messaging program development,
including piloting, implementation, and evaluation, allows
developers to identify and address potential barriers to
enrollment and use of the program [20]. Thisincludes ensuring
that the language used is lay friendly, culturally appropriate,
and trauma informed to meet the needs of a broad target
audience, including women experiencing conditions that
contribute to vulnerability such as substance use and violence
[9,21]. A 2015 Cochrane Review of the effects of mobile phone
messaging interventions in health observed that pilot testing
can assist intailoring the messagesto the preferences and needs
of the target population [2].

In Canada, the use of mobile devices continuesto increase [22]
and creates an opportunity to reach a broad population base
with health information. The vast majority of Canadian
households (84.9%) subscribe to mobile phones and more
Canadian households with incomes lower than average (<Can
$51,804) are mobile phone-only households, suggesting that
access and affordability drive Canadians’ communication usage
[22]. A Pew Research Center survey conducted in 2015 with
1003 adult Canadiansfound that 63% of women of all agesand
94% of men and women aged 18-34 owned an advanced-feature
mobile phone [23]. To ensure the relevancy and acceptability
of using thismobile platform for prenatal education, we engaged
Canadian women in the development of a prenatal education
program delivered via one-way text message called SmartMom.
We devel oped a prototype version of SmartMom, initially based
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on the ddivery of Textdbaby, which sends three
evidence-informed messages per week to enrolled American
women, timed to be relevant to their gestational age. The
objective of this study was to explore women's perceptions of
the SmartMom program, paying particular attention to their
perceptions about the message content, acceptability of receiving
information by text message, positive heath behaviors they
might engage in after receiving amessage, modifiable program
factors, and intention to use the program.

Methods

The Intervention

A multidisciplinary group of researchers, clinicians, and allied
health professionalsinitially adapted the message content from
existing recognized public health resources, including British
Columbia's Baby’s Best Chance handbook [24], the Healthy
Families BC website [25], and the British Columbia Maternity
Care Pathway, aguideline for best practice for routine prenatal
care in the province [26]. The experts engaged in multiple,
iterative rounds of reviewing, revising, and weighting the
messages. Research team members (SM, AH) edited the
prototype messages for plain language and to ensure that each

Figure 1. Home page for the SmartMom website.
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included an evidence-based behavior change strategy (ie, a
physical activity message was supported by a goal-setting
exercise). Messageswere reviewed and endorsed by the Society
of Obstetricians and Gynaecologists of Canada. The prototype
SmartMom program consisted of 109 brief SM S text messages
that focused on encouraging positive health behaviors, including
increasing pregnancy- and childbirth-related knowledge,
accessing routine antenatal assessments and recommended
screenings, and adopting lifestyle behaviors to support healthy
pregnancy and physiologic birth.

We propose that women who enroll in SmartMom will receive
three SM'S text messages per week, keyed to their gestational
age beginning as early as 5 weeks gestation until their delivery.
The communication will be oneway and all women will receive
the same messages for their region. Women and providers
referring women to the program will have accessto al messages
on the program website [27]. Messages will be tailored to
women'’s gestational age and local region. Figure 1 presentsthe
home page for the website. While the SmartMom program will
be provided free of charge to women, datachargesfor browsing
websites will not be covered. See Figure 2 for a sample of the

messages.

00

Sign In

Learn More | Enroll Now |

FAQ | About Us | Terms of Consent | Contact Us
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Figure 2. Example health promotion messages provided through the SmartMom program.
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80% of pregnant women suffer
nausea & vomiting, or 'morning
sickness'. Try these tips: bit.ly/
2aiidGn & bit.ly/2aNt64h -

DataRatesApply

aE0aYy

Prevent infections: Avoid kids
with rashes & call your doctor
ASAP if you've had contact
with chicken pox. bit.ly/
2asszFK -DataRatesApply

day

Prenatal multivitamins with folic
acid protect against birth
defects. Ask if you qualify for
free vitamins @bit.lyf2aQI52y -

DataRatesApply

Settings and Participants

We conducted seven focus groups in three British Columbia
communities in the Northern Health Authority (NHA), the
region where the SmartM om pilot testing would take place. The
NHA isthelargest health region in the province, covering over
two-thirds of British Columbia, and has on average 3500 births
per year [28]. The behaviora research ethics boards of the
University of British Columbia and the NHA provided ethical
approval for the focus groups.

Participants were recruited through a range of methods: (1)
third-party recruitment by public health nurses; (2) passive
recruitment using study posters in community settings
frequented by pregnant women and new mothers; and (3) passive
recruitment through posting of study postersto Facebook groups
involving childbirth, parenting, and community eventsfor each
study community. Recruitment via Facebook provided the
greatest number of potential participants.

After contacting the research team, interested participants
received an information letter outlining the purpose of the study
and what their involvement would entail. Participantswere then
screened for eligibility; at the outset of each focus group,
participants read and signed astudy consent form that reflected

http://publichealth.jmir.org/2017/1/e7/
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the information letter. To participate, participants had to be
English speaking, reside in the NHA, and be pregnant or have
given birth in the past 12 months.

To minimize any barriers to participation for new mothers and
women living in rural and remote communities, reimbursement
was made available for childcare costs and travel expenses.
Data collection was conducted in local settings that were
convenient and familiar to new mothers, including public health
unitsand family outreach centers. These settings had play spaces
for children while their mothers participated in the focus group
sessions. Participants received a Can $25 honorarium for their
participation.

Data Collection

In the first segment of the focus group, participants completed
ademographic questionnaire, including four questionson mobile
phone usage. Then a research team member (SM, AH) with
experiencein qualitative data collection guided adiscussion on
the women's current information-seeking behavior. In the
second segment, participants reviewed a printed copy of the
SmartMom text messages and participated in a second
moderated discussion, in this case on perceptions of the usability
of the text message program. Open-ended questions explored
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participants’ perceptions about the message content, receiving
information by text message, behavior they might engage in
after receiving a message, modifiable program factors, and
intention to use the program. Each focus group discussion was
audiotaped and later transcribed verbatim for analysis.

Data Analysis

Following thematic analysis [29] techniques, two members of
theresearchteam (SM, AH) first read and reread the focus group
transcripts and then collaboratively developed an initia
codebook of preliminary themesrelated to women's perceptions
of SmartMom’s strengths, weaknesses, and usability. Codes
that expressed similar perceptionswere grouped into categories.
Constant comparison of emerging categories between transcripts
helped to identify patterns and relationships in focus group
discussions. The evolving codebook was refined into core
categories and then tested for fit and rel evance by two members
of the research team (EG, NT). Using this focused codebook,
thetwo coders (EG, NT) independently coded a sample of focus
group transcripts. There were minimal disagreements in their
interpretation of the transcripts. Discrepanciesin interpretation
were resolved through discussion with a third member of the

http://publichealth.jmir.org/2017/1/e7/
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research team (SM), who then entered the transcriptsinto NVivo
for Mac version 10.1.3 (QSR International) qualitative data
management software for organization. The thematic findings
were then written into an explanatory narrative while two team
members (AH, PAJ) led modifications to the SmartMom
program based on the focus group feedback.

Results

Overview

Table 1 summarizes the demographic characteristics of the 40
women who participated in six focus groups in three rural
northern communities. Among participantswho had given birth,
the rate of primary cesarean section was 19% (7/36). The
majority of multiparous participants had received antenatal care
from afamily doctor (22/36, 61%), whilethe remainder received
obstetrician (6/36, 17%) or midwifery (7/36, 19%) care, and
one reported no birth attendant.

Table 2 describes the participants mobile phone usage. The
vast mgjority of participants reported using a mobile phone
(39/40, 98%), using text messages “al thetime” (28/40, 70%),
and surfing the Internet on their phone (37/40, 93%).
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Table 1. Characteristics of participants (N=40).
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Characteristic n (%)
Maternal place of birth

Canada 37 (93)

Mexico 1(3)

The United States 2(5)
Maternal agein years

<20 3(8)

20-29 19 (48)

30-39 18 (45)
Liveswith a partner

Yes 32(80)

No 8(20)
Number of children given birth to

0 3(8)

1 17 (43)

2 12 (30)

3 3(8)

4 3(8)

5 13
Household annual revenue (Can $)

<$35,000 14 (35)

$35,000-$75,000 6 (15)

>$75,000 15 (38)

Prefer not to answer 5(13)
Highest level of education completed

Primary school 1(3)

Graduated high school 11 (28)

College or technical/trade program 13(33)

University degree 15(38)
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Table 2. Mobile phone usage survey (N=40).

Munro et al

Question from survey n (%)
Do you use a mobile phone?
Yes 39 (98)
No 1(3)
Do you use text messages?
Yes 38 (95)
No 2(5)
How often do you text people?
All thetime 28 (70)
Occasionaly 10 (25)
Never 2(5
Do you surf the Internet on your phone?
Yes 37(93)
No 3(8)

Characteristics of the SmartMom Program

Enhances Knowledge of Options

Participants believed that the SmartM om messages enhanced
their knowledge of pregnancy health-promotion strategies,
particularly for first-time mothers. They also expressed how
SmartMom gave them strategies to be active participants in
their care:

| think that a lot of women, especially marginalized
women, don't really know that they have a choice.
They don’'t know what's coming up at the
appointments and [ SmartMom] might give them a
heads up to ask those questions, when otherwise they
wouldn’t know about it. [Focus Group (FG) 1]

Participants believed that SmartMom would provide particular
support towomenin rural and remote communitieswherethere
are shortages of physicians, as the program would inform
women of “different resources and other options’ like public
health programs (FG7).

ProvidesKnowledgein a Convenient and Timely Manner
A text message aert was perceived to be convenient for its
immediacy and for being a free service:

| just like having the resourcein my hands. You know,

like right there connecting to a hyperlink. [FG7]

Receiving messages three times per week and timed to
gestational age was considered more ideal than the frequency
of messages from existing apps or email newsletters. However,
anumber of participants described the transience of text message
notifications as a potential barrier to use:

It'salink buried in my text messagesthat | will never
look at again. [FG6]

Reflects How Women Access | nformation

Participants described text messaging as a ubiquitous mode of
communication—"everyone texts’ (FG5)—that reflects how

http://publichealth.jmir.org/2017/1/e7/

women of their generation currently access pregnancy-related
information viamabile phone data and the Internet. Participants
indicated that having a text message was like a “bookmark,”’
and they could access ahyperlink later using free Wi-Fi (FG7).
Only one participant in the sample had aphone without I nternet
access and was unable to access the hyperlinks.

Provides Support and Encouragement

The positive tone of the text messages was perceived to be
“encouraging” and relatable and increased women's interest to
subscribe to the program. Participants expressed that harm
reduction messages for drug and alcohol use (eg, encouraging
women to reduce the negative effects of use) were confidence
boosting and “ not fear based” or “shaming” as some had found
with prenatal resources. The overall tone of the messages was
perceived to be “straightforward” and not “sugar coated.” One
woman described SmartMom as a character:

She's not your girlfriend. You wouldn't go out for
coffee...| don't think she’d be, like, my friend, but |
think she's credible. [FG5]

Reflects Local Knowledge and Resources

Participants expressed appreciation that SmartMom provided
local, not national or international, information tailored to their
region. Local content enhanced the credibility of the program
and would increase participants' likelihood of using SmartMom:

[SmartMom] is a reliable source and you can trust
that. When you go to Google, you can find anything.
It [the Internet] is very scary sometimes. But if you
have a reputabl e text and you know whereit’scoming
fromand you trust the source, then you're more likely
to go to that resource and believe it and seek it out.
[FG3]
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Stimulates Behavior Change

The primary action that participants might take after reading a
message would be to discuss it with their care provider or
prepare alist of questionsto ask:

| like that the one text was about making a list [of
questions] . Because when you do have your prenatal
appointments you maybe would feel a bit more
prepared with some questions, things that had been
brought up in the text messages. As opposed to trying
to think of all the things that you want to ask your
doctor at your one appointment. Becauseit’s not easy
tojust go in and ask a question, right? [FG6]
A number of participants expressed that they may forget to bring
up atopic because of the time gap between receiving amessage
and going to an antenatal visit. As one noted, “You get a text
message, two or three weeks go by, you might not still be
thinking about it at your appointment” (FG6).

Participantsindicated the hyperlinks were the strongest feature
of the SmartMom program:

| just like the links leading you to one of the articles
or something. | was like “ Oh 1'd love to read that,
even open [the webpage] and even go back to it.
[FG1]

Phone numbers, in contrast, were perceived to be less useful
than hyperlinks because they would not be saved in the same
manner:

| would click on the link rather than call somebody.
It's just boom, and then you're done. You just click
it...I've got kids at home and they yell and scream.
[FG1]

SmartMom also includes interactive components intended to
stimulate behavior change, such asknowledge quizzes, nutrition
calculators, and linksto interactive maps of local health services.
Although participants did not have an opportunity to test these
individual components, they welcomed the idea and felt these
interactive components would help them stay engaged in the
program.

M odifiable Characteristics

To improve the SmartMom program further, participants also
identified arange of modifiable characteristics.

Freguency and Timing
Certain topicswere considered very important for the first weeks
of pregnancy, particularly regarding accessing services:

Some of those moms are 14, 15, 16 years old and
those are the ones that don’t have great information
or even the knowledge how to access information. So
getting it early to them would be good. [FG6]

Some parti ci pants suggested receiving a“bundle”’ of messages
upon enrollment related to prenatal classes, doula care and
midwifery, and morning sickness triggers. Participants also
wished to access the text messages outside of their SMS program
to help them remember what to discuss with their care provider
and what hyperlinked articles to read again. In response, we
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modified the program to include key messages earlier in
pregnancy and provided a full list of the messages on the
SmartMom website. At the participants suggestion, we also
removed any repetition of messagesrelated to drugs and alcohol.

Relevance

Some messages were perceived to be relevant for some women
and not for others. Some parti cipants suggested that they would
disenroll from SmartMom if the harm reduction messageswere
repetitive, irrelevant, or countered their beliefs:

Could you have like a questionnaire in the beginning
where you're like, “ I’'m not wanting information on
this, this, and this’?... If | was being shown
information that | didn’t need, | wouldn’t want to be
a part of [ SmartMom]. [FG4]

To address this concern, we changed the program to provide
women with one message on each topic (eg, smoking), which
will be accompanied by an option to receive more messages on
that topic. We also devel oped supplemental streams of messages
tailored to individual pregnancy needs: (1) smoking, (2) alcohol,
(3) depression, (4) pregnancy after previous cesarean, (5)
obesity, (6) pregnancy loss, (7) new immigrants, (8) >35 years
of age, and (9) exposure to violence. Women can opt in to
receive these streams at the time of enrollment.

Support and Affirmations

Participantsfelt that the SmartMom prototype did not meet their
needsfor social and emotional support and support from peers:

It would be so cool if there could be like a [local]
forum for women. Like if you're connected by your
postal code then there would be an actual online
community of women in your area that you could
actually meet up with. [FG1]

We consequently added hyperlinks that listed local pregnancy
and parenting groups for users to have face-to-face interaction
with other women. We al so enhanced the supportive language
and tone of the messages by adding more encouraging messages
or affirmations —"You're doing great!”—which participants
believed would keep them motivated, maintain their interest in
receiving future texts, and enhance their confidence in making
healthy choices.

Enrollment

In our original protocol for the implementation of SmartMom,
we proposed that potential users would enroll via an existing,
trusted information source (eg, doctor, public health nurse, or
British Columbia Ministry of Heath website). However,
participants noted that women in their region commonly do not
attend their first prenatal appointment until their second
trimester. They reflected that, instead, women would be easiest
to reach in early pregnancy via socia media:

| think here social media campaigning isa great way
to get the word out. There seems to be huge groups
on Facebook that have thousands of women in them.
That would be a great way to get it out, at least in
this town. [FG6]
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To address this, we expanded our enrollment plan to advertise
SmartMom via Facebook, other social media platforms, and in
the pregnancy test section of pharmacies.

Postpartum

Participants strongly recommended extending the SmartMom
program of messages for the postpartum period and first year
of newborn life. They expressed that there were few timely,
evidence-based resources readily available to meet their
postpartum needs, as stated by a participant in one group:

At the end of pregnancy and after you’'ve had your
baby, resources for that as well. If there's a way to
say at the end, “ I've had my baby, now start sending
me the other one” Because those first few weeks are
very crucial, very hard. Very, very hard. [FG1]

In response, we devel oped prototype SmartMom messages for
birth to age one, which will be evaluated in a separate study.

Discussion

Principal Findings

The results of our thematic analysis indicate that participants
perceived SmartMom to be highly acceptable and relevant for
childbearing Canadian women. Our findings suggest that
SmartMom will enhance women’'s knowledge of health
promotion strategiesin aconvenient and timely manner, provide
support, and encourage women to engagein new behavior, such
as discussing the text message topics with their care provider
at the appropriate gestational age. The text message modality
reflected how participants currently sought pregnancy-related
information and provided them with local information tailored
to their gestational age, which they had not received through
other pregnancy resources. Eliciting the perspectives of potential
SmartMom users early in the design process resulted in the
identification of factorsthat allowed usto modify and tailor the
program to address the perceived needs of childbearing women
in the study region. Key modifications included creating
supplemental streams of messages for subgroups of women (ie,
smoking and pregnhancy after previous cesarean). We also added
the entire suite of messages to the SmartMom website and
provided hyperlinksto local programsthat provide peer-to-peer
social support in pregnancy.

The SmartMom program is novel in that it is tailored to offer
the right prenatal health message at the right time to the right
woman. Text messages serve as a cue to action with salient
information for pregnant women, essentially providing
just-in-time, locally relevant tips and resources to help women
make healthy prenatal and postpartum health choices based on
their individual needs [30]. To our knowledge, SmartMom is
the first peer-reviewed, evidence-based mHealth program for
prenatal education in Canadaand thefirst to be endorsed by the
Society of Obstetricians and Gynaecologists of Canada, the
professional organization that establishes evidence-based
standards of maternity carein Canada. Previoustools have been
developed for the US context and women in this study cited
using them. O’ Donnell and colleagues compared the content of
two free mobile phone apps for US women, Text4baby and
BabyCenter's My Pregnancy Today, and determined that <20%
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of the messages delivered by either program contained
information that explicitly addressed recommended prenatal
care content [31]. The health care product company Johnson &
Johnson owns BabyCenter, which al so provides My Pregnancy
Today to Canadian populations, but no studies have been
published on the development of that app. In contrast, we
explicitly sought to develop SmartMom based on information
from existing peer-reviewed, evidence-based Canadian resources
[24-26].

The Textdbaby program underwent iterative cycles of user
testing with childbearing women prior to its launch in 2010
[16]. Inacommentary on the Text4baby devel opment, Whitaker
et al indicated that the testing included the following: (1)
informal discussion groupswith women from community health
centers in six cities across the United States regarding the
message topics and frequency; (2) health literacy testing of the
messages with 100 pregnant African American, low-income
women in the Women, Infants, and Children program waiting
room at alarge city hospital in Atlanta, Georgia; and (3) beta
testing of the program with a sample of 10 childbearing women
[16]. However, it isunclear what demographics of women were
involved, what methods were used for data collection and
analysis, and what findings emerged from the user testing.

Recent qualitative studies on women's views of mHealth
pregnancy interventions conducted in Argentina and Australia
found, similar to our study, that exposure would enhance
women'’s perceived access to high-quality, pregnancy-related
information [32], but would not meet women's needs for
two-way interaction [33]. To address this gap, we included
hyperlinksto local preghancy and parenting groups for women
to interact with peers and health care professionals. Future
iterations of the program may benefit from further interactive
components.

In our study, we conducted a qualitative investigation with
childbearing women to ensure that SmartMom “will reflect an
understanding of context, of the users, of the functionality of
the system (and thus the users’ needs), and of the software
development process’ [34]. We used feedback from women to
modify the program before conducting pilot testing on alarger
scale. Thisaimed to ensure that the program will be usable and
acceptable and to avoid any program errorsthat would threaten
our stakeholder partners’ investment in the program. Findings
from our analysis may be transferabl e to prospective SmartMom
user populations of childbearing women in similar geographic
and health service settings in Canada.

Limitations

It is possible that the perspectives of some end users may not
have been captured in this study. Participants were recruited
primarily via Facebook and, consequently, perspectives may
be overrepresented by women who have I nternet and/or mobile
phone access. We did not purposefully sample for Aboriginal
and First Nations women or report separately on the unique
perspectives of this population group. In addition, we did not
purposefully recruit women from communities with no mobile
phone coverage or women with no local maternity services. The
perspectives of these women will be dicited through focus
groups during the next phase of the SmartMom
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development—rpilot usability testing—which will include
summative evaluation through user surveys and further focus
groups.

Strengths

This study was strengthened by the diverse sample of
childbearing women. This provided a rich understanding of
women’s perceptions of the SmartM om program and the context
in which they will use it. Our inductive, team-based analysis
enhanced the rigor and credibility of findings. A final strength
of the study was our testing of a prototype wireframe version
of the SmartMom program prior to devel oping the text message
software and investing in an expensive technology platform.
The usability and acceptability findings from this study will
inform the next phase of the research process, which includes
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testing the messagesin areal-world pilot feasibility study where
rural pregnant women enroll in the SmartMom program and
interact with the messages and website in real time.
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Abstract

Background: Little is understood about the determinants of symptom expression in individuals with fibromyalgia syndrome
(FMS). Whileindividuals with FM S often report environmental influences, including weather events, on their symptom severity,
a consistent effect of specific weather conditions on FMS symptoms has yet to be demonstrated. Content analysis of a large
number of messages by individualswith FM S on Twitter can provide valuableinsightsinto variation in the fibromyal giaexperience
from afirst-person perspective.

Objective: The objective of our study was to use content analysis of tweets to investigate the association between weather
conditions and fibromyal gia symptoms among individual swho tweet about fibromyalgia. Our second objectivewasto gaininsight
into how Twitter isused as aform of communication and expression by individual s with fibromyalgia and to explore and uncover
thematic clusters and communities related to weather.

Methods: Computerized sentiment analysis was performed to measure the association between negative sentiment scores
(indicative of severe symptoms such as pain) and coincident environmental variables. Date, time, and location data for each
individual tweet were used to identify corresponding climate data (such as temperature). We used graph analysis to investigate
the frequency and distribution of domain-related terms exchanged in Twitter and their association strengths. A community
detection algorithm was applied to partition the graph and detect different communities.

Results:  We analyzed 140,432 tweets related to fibromyalgia from 2008 to 2014. There was a very weak positive correlation
between humidity and negative sentiment scores (r=.009, P=.001). Therewas no significant correl ation between other environmental
variables and negative sentiment scores. The graph analysis showed that “pain” and “chronicpain” were the most frequently used
terms. The Louvain method identified 6 communities. Community 1 was related to feelings and symptoms at the time (subjective
experience). It also included alist of weather-related terms such as “weather,” “cold,” and “rain.”

Conclusions: According to our results, a uniform causal effect of weather variation on fibromyalgia symptoms at the group
level remains unlikely. Any impact of weather on fibromyalgia symptoms may vary geographically or at an individual level.
Future work will further explore geographic variation and interactions focusing on individual pain tragjectories over time.

(JMIR Public Health Surveill 2017;3(1):e4) doi:10.2196/publichealth.6344
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Introduction

Fibromyalgiasyndrome (FMS) isachronic rheumatic syndrome
of unknown etiology, characterized by persistent widespread
musculoskeletal pain and stiffness and a variety of other
symptoms including fatigue, poor dleep quality, altered
cognition, and affective dysfunction [ 1]. Fibromyal giasymptoms
can worsen or flare up over time. Individuals with FMS
frequently attribute variation in their symptomsto environmental
factors, including the weather [2-8]. Investigating the
relationship between weather and FMS symptoms can be
considered a key step toward a systematic study of flare-ups
[3]. Such studies will alow the development of theories about
the causes and possible approaches to treatment of FMS
symptoms that can be tested empirically in future. A good
understanding of the influence that weather conditions could
have on FMS symptoms will provide clinicians with valuable
insightsinto the context in which pain occurs and the association
of these environmental factors (eg, temperature and humidity)
with pain. The results can potentially provide the basis for
developing more effective treatment methods, contributing to
improving the quality of life of large numbers of patients.

Although existing studies have suggested an influence of
weather on the pain experienced in FM S and related conditions
[2-7], no consistent effect of a particular weather condition on
FMS symptoms has been demonstrated. Such inconsistency
may reflect individual sensitivity to weather conditions [2] or
the complex interplay of other mediating factors such as low
mood and lack of dleep or exercise [9]. Alternatively, the
limitations of traditional data collection techniques such as
questionnaires [2], diaries [5], and open-ended questions [3]
may have led to a failure to detect a relationship between
weather and symptoms in FMS. Such limitations may affect
both internal validity (eg, response bias[2], small sample size
[5]) and external validity (eg, sampling in particular geographic
locations [3]).

Social networking sitesintroduce an unprecedented opportunity
to collect first-person data from a very large population across
diverse locations [10]. They provide arich source of real-time
data that can be collected and analyzed for health research
including infodemiology and infoveillance [11,12]. Among
existing sites, Twitter has been the most popular platform for
accessing and analyzing infodemiology data [13,14]. Twitter
provides an easier accessto real-time and historical datathrough
Twitter application program interfaces (APIs) and third-party
tools, compared with the other platforms such as Facebook.
Moreover, extensive studies have been conducted using Twitter
that provide useful guidance.

In recent years, Twitter has been widely used as a platform to
disseminate and share health-related information [15-20].
“Crowdsourced” data have been shown to be as reliable and
viable as traditional survey data [21]. Sentiment analysis of a
large number of messages can provide valuable insights into
crowd mood [22] and health status [16,19].

http://publichealth.jmir.org/2017/1/e4/

Individuals with FMS are known to be active Internet users
[23]. However, to date there has been relatively little research
regarding the ways in which this community interacts via
Twitter. Analysis of patterns of use within the FM'S community
may allow a deeper understanding of the subjective experience
of this common pain syndrome and may inform future attempts
to utilize social media as a therapeutic tool. We consider this
form of anaysis complementary to other forms of
epidemiological inquiry.

In this infodemiology study, we used computerized content
analysis of tweets to investigate the subjective experience of
FMS in a large, widely distributed population and any
association with coincident environmental factors. To better
understand the environmental context around an individual’s
symptoms and pain events, we were also interested to explore
and uncover thematic clusters and communities. We
hypothesized that detected communities identify specific
contexts including environmental context such as weather.
Toward this aim, we also performed graph analysis on tweets
to understand the existence of specific topics associated with
symptom severity and applied community detection to partition
the graph and detect different communities. To the best of our
knowledge, this is the first research attempt to study
environmental associations of fibromyalgia pain using Twitter
content analysis in a large sample of individuals with
fibromyalgia.

Methods

Sample

We collected tweetsfrom January 2008 to November 2014. The
search used the keywords #fibromyal gia, #fibro, and #spoonie.
Theterm “spoonie”’ iscommonly used in tweetsreferring to the
experience of chronic illnesses with prominent fatigue,
particularly FMS but also illnesses such as chronic fatigue
syndrome and systemic lupus erythematosus (SLE), and arises
from the use of spoons as ametaphor for an individual’s ability
to carry out daily tasks (“the spoon theory” [24]).

Tweets were collected during numerous search cycles
programmatically using the Python language. Each cyclequeried
tweets for a 30-day period. The process involved atotal of 84
cyclesto retrieve the historical data over 7 years (2008-2014).
Each cycle had multiple iterations to collect all the tweets
because the API had a call limit of 100 tweets per request. We
collected the data between November 11 and 24, 2014. The
search was filtered for English-language tweets.

The date and time of posting of each tweet along with the
location were aso collected. This allowed us to collect the
climate datafor each tweet from the public Web APIs. Because
of the large number of tweets, we wrote a Python program to
collect the weather data. There was a limit on the number of
callsper day (ie, atotal of 1000 calls per day); therefore, it took
November 2014 to February 2015 to collect the weather data
for al the tweets. It is noteworthy that most of the location

JMIR Public Health Surveill 2017 | vol. 3 |iss. 1 |e4 | p.41
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

information collected was relative location such as city, state,
or country. We excluded tweets that did not have any location
data The westher variables that we retrieved included
temperature, humidity, wind speed, feelslike, heat index, wind
chill, and dew point. Because the date and time in our collected
tweets from different locations were expressed in Greenwich
Mean Time (GMT) or Coordinated Universal Time (UTC), we
could directly use it in the weather API queries, which aso
support GMT and UTC.

Ethics
Monash University’s Ethics Committee approved this study.

Sentiment Analysisand Correlation Tests

To perform sentiment analysis, we incorporated the Stanford
CoreNLP [25] libraries. The Stanford CoreNLP works by
initiating the properties object and defining annotators [26].
The annotation object executes a number of predefined
annotators such as tokenization, sentence splitting, POS
(part-of -speech) tagging, and named entity recognition (NER)
on text and retrieves an annotated document that can train the
sentiment analyzer [26]. The Stanford CoreNLP also includes
asentiment tool and it can be used to analyze the text by adding
“sentiment” to the list of annotators [26]. The classifier in
CoreNLP is trained using a deep learning agorithm. In our
analysis, the classifier assigned a positive score and a negative
score between 0 and 100 to each tweet. The 2 assigned scores
for each tweet added up to 100.

Sentiment analysis commonly usesadictionary of opinionwords
(the “opinion lexicon”) to identify and determine sentiment
orientation (positive, negative, or neutral). In the opinion rule
examples[27], “pain” was considered a“ negative” word in the
opinion lexicon. The negative sentiment scores can therefore
be used to represent severe symptoms such as the pain severity
in anindividual. In our research, we make the assumption that
the severity of negative symptoms (particularly pain) in
individuals with FM S can be estimated based on the negative
and positive scores assigned to the tweets (a value between 0
and 100).

This means that a high negative sentiment score (and a low
positive score) of a tweet will be interpreted as representing
more severe pain and unpleasant physical sensations (eg, “too
tired to write, too tired to function, just too tired. i ache all over.
damn #fibromyalgia. maybe epsom salt bath...” with anegative
score of 99.24 and a positive score of 0.76). On the other hand,
alow negative score and a high positive score will imply alow
severity of pain and related symptoms (eg, “Celebrating the
very fact that | am up a 9:30 p.m. | lived through
Saturday!#fibro” with a negative score of 0.07 and a positive
score of 99.93).

In the second step, we used the Pearson correlation test to
investigate the association between negative sentiment scores
(as ameasure of symptom severity) and climatic variables. We
started with anull hypothesisthat thereisno correlation between
FM S symptom severity and weather conditions. The correlation
test was first conducted for all the tweets posted from all over
the world. Considering that the weather conditions can vary
considerably in different geographic locations (and climate
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zones), and individuals' feelings and adaptation to the weather
conditions may also vary by location, we also performed
correlation tests for locations that had a total number of users
greater than 1000. Statistical analysiswas performed using IBM
SPSS Statistics 23.0 (IBM Corporation).

Graph Analysisand Community | dentification

In addition to the correl ation tests, we performed graph analysis
on the tweet corpus to gain further insight into the common
terms that are used by individuals with FMS and how these
terms are associated with each other. The graph analysis
identifiesthe most relevant and commonly used termsand their
relationships to the domain. More specifically, our aim was to
explore and use the following 4 measures.

Measure 1

The occurrence frequency distribution of terms relevant to the
Ccorpus.

Measure 2

The degree centrality (or local connectivity) of each of these
terms measured by cal culating the number of relations that the
term has regardless of whether it isan in-relation or out-relation
within the corpus. In addition, we aso considered the
betweenness centrality of terms in the graph. This metric
measures all the shortest paths between every pair of termsin
the graph and then counts how many timesaterm ison ashortest
path between two others. In our context, it can detect the
dominant termsthat occupy aset of intermediate terms observed
between two other terms.

Measure 3

The association strengths among the terms that are measured
by calculating how frequently particular terms are associated
together based on their co-occurrences within the corpus.

Measure 4

The community structures that determine the level of
dissemination of content within the domain corpus.

The first measure was determined by counting the total
occurrence frequency of each of the terms extracted from our
corpus. The second and third measures were achieved using
graph analysis. For this, we constructed aterm-term association
graph. The association strength between 2 terms was measured
by how often they co-occur within the corpus.

The last measure was done by decomposing the term-term
association graph into subgroups or communities, which are
sets of highly interconnected terms. We used the Louvain
method [28] as acommunity detection algorithm implemented
in Gephi [29]. This method is simple and efficient and one of
the most widely used methods for identifying communitiesin
a large network [17]. The Louvain method is an iterative
algorithm that scans step by step the density of connections
between the nodesin the graph. The nodesthat are more densely
connected to one another are included in the same community.
This alows the potential detection of a priori unknown
communities of highly associated termsin the FM'S domain.
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Preprocessing Steps

We first split each tweet in the corpus at whitespace characters
to obtain individual terms [17]. We converted these terms to
lowercase and removed stopwords (eg, common terms such as
“the” and“is"), tweet-specific metaterms (eg, termsusing “via’
prefixes), symbols (eg, “@"), punctuation, and numbers. We
then constructed a term-document matrix, where a row
represents a tweet identifier and a column represents an
individual term extracted from the corpus. By counting al the
frequencies under each term within the matrix, we produced
the frequency distribution of the terms. In order to restrict the
size of the term-document matrix, we removed those terms
whose sparse rates were greater than.999, that is, those terms
that had a 99.9 sparse percentage of empty elements. A sparse
percentage of 0.999 was chosen to ignore very infrequent terms
and to retain only the terms whose document frequencies were
greater than “Nx(1-.999),” where N is the total number of
tweets considered.

To measure the degree centrality of the terms and association
strengths among the terms, we constructed a term-term graph.
To build this graph, we created a term-term matrix, where rows
and columns represent unique terms and a cell represents how
many times a certain term co-occurs with another term.

Delir Haghighi et a

Results

Correlation Tests

A total of 157,377 tweets were collected. After excluding the
retweets, and tweets that contained a URL or did not have any
location data, a total of 140,432 tweets were available for
analysis. There was a very weak positive correlation between
humidity and negative sentiment scores (r=.009, P=.001). There
was no significant association between negative sentiment scores
and other environmental variables (ie, temperature, wind speed,
feelslike, heat index, wind chill, and dew point).

Therewere 8 locationsthat had at least 1000 users, all of which
were US states (California, Colorado, Florida, Georgia,
Minnesota, New York, Ohio, and Texas). California had the
highest number of tweets (5149) among all the locations.

Therewas no significant correl ation between negative sentiment
scores and any of the weather variables in Colorado, Florida,
Georgia, Minnesota, Ohio, and Texas. However, the correlation
testsfor Californiaand New York showed significant but weak
relationships between negative sentiment scores and climatic
variables (see Table 1). In California, there was awesk positive
relationship between negative sentiment scores and humidity
and a weak negative correlation between negative sentiment
scores with temperature, feels like, heat index, and wind chill.
In New York, there was only a weak positive relationship
between negative sentiment scores and wind speed.

Table 1. Correlation between environmental variables and negative tweet sentiment, by US state.

Location Temperature Humidity Wind speed  Feelslike Heatindex ~ Wind chill Dew point
California (n=5149)

Pearson r -.062 .050 -.030 -.057 -.059 -.060 .005

P value® <.001 <.001 .03 <.001 <.001 <.001 71

Direction of relationship Negative Positive Negative Negative Negative Negative Positive
New York (n=2058)

Pearson r -.035 -.023 .078 -.039 -.036 -.037 -.055

P value? 1 28 <.001 07 10 .09 01

Direction of relationship Negative Negative Positive Negative Negative Negative Negative

gtatistical significance was defined as P<.001.

Graph Analysis

From the 140,432 tweets in the corpus, we extracted 61,469
terms after taking the preprocessing steps. After removing the
sparseterms, 1170 termswerefinally used to create aterm-term
matrix.

The occurrence frequency distribution results showed that the
2 most frequent terms were “pain” (appearing 24,323 times)
and “chronicpain” (19,523 times). Among the top 25 terms
(Multimedia Appendix 1), 2 broad groupings of terms may be
identified: those that relate to medical conditions or states (eg,
“chronic,” rank=5; lupus, rank=8; sleep, rank=19) are mixed
with nonphysical terms (eg, day, rank=3, and today, rank=6).

http://publichealth.jmir.org/2017/1/e4/

The degree centrality scores of the top 2 terms “pain” and
“chronicpain” were 1073 and 1070, respectively (Multimedia
Appendix 1). These data indicate that these pain-related terms
are the most highly associated with other terms. The mean
degree centrality of the 1170 terms was 549, meaning that each
term co-occurred with 549 termsin the corpus, on average.

Figure 1 shows the term-term graph constructed based on
betweenness centrality. Betweenness centrality measures the
number of shortest paths from all nodesin agraph to al others
that pass through that term, and it may be considered an
indicator of theimportance of aterm. The moreimportant terms
are denoted in larger term labels according to betweenness
centrality. We used the top 10% terms, chosen by the degree
centrality scores, to make the graph more readable and highlight
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thetermswith higher scores. Degree centrality of aterm counts
how many links the term has with other terms within the
fibromyalgia tweet corpus. We observed that the top 10 terms
according to betweenness centrality were“pain,” “chronicpain,”

Figure 1. Theterm-term graph built based on betweenness centrality.

somgg'ilﬁﬁ—;:-ﬁ —_— e

Community ldentification

Results of community detection using the L ouvain method [28]
showed that 2 communities (communities 1 and 3) had the
highest number of terms (Multimedia Appendix 1). This may
indicate that Web-based communications about fibromyalgia
form alimited dissemination of the content mostly covered by
2 communities.

http://publichealth.jmir.org/2017/1/e4/
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“can,” “chronic,” “help,” “need,” “today,” “day,” “now,” and
“just” The association strength between 2 terms “pain” and
“chronicpain” was the highest, co-occurring 5385 times
(Multimedia Appendix 1).

_ === .;;;,;';é’ai\%nts

To investigate the term associations within the 2 largest
communities, we generated associations of terms within each
of these communities. Tables 2 and 3 show the top 15
associations of terms. In Tables 2 and 3, the “weight” indicates
the number of co-occurrences of a pair of terms.

We also examined these communitiesfor weather-rel ated terms.
Table 4 lists the weather-related terms identified in community
1. Theweight of each term represents the number of associated
terms (co-occurred terms) with a given term.
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Table 2. Thetop 15 associations of terms within community 1.

Rank Term 1 Term 2 Weight
1 Like Feel 1133
2 Today Day 1048
3 Just Day 869
4 Raw Healed 747
5 Little Day 694
6 Good Day 678
7 Day Bad 551
8 Right Now 550
9 Night Last 500
10 One Day 479
11 Sleep Night 464
12 Feel Better 463
13 Get Day 462
14 Like Day 429
15 Like Just 426

Table 3. Thetop 15 associations of terms within community 3.

Rank Term 1 Term 2 Weight
1 Pain Chronicpain 5385
2 Pain Chronic 4116
3 Post Blog 2428
4 Day Awareness 1498
5 Pain Can 1456
6 Pain Free 1348
7 Pain Day 1311
8 IlIness Chronic 1304
9 Fatigue Chronic 1249
10 Chronicpain Can 1228
11 Keep Fit 1190
12 Free Chronicpain 1144
13 Like Feel 1133
14 Pain Back 1130
15 Today Pain 1051
http://publicheal th.jmir.org/2017/1/e4/ JMIR Public Health Surveill 2017 | vol. 3 |iss. 1 |e4 | p.45
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Table 4. The weather-related terms within community 1.

Delir Haghighi et a

Terms Weight

Weather 772

Cold 749

Hot 668

Rain 584

Warm 509

Sun 443

Winter 397

Summer 359
Discussion states) have different effects between individuals with FMS or

Principal Findings

The main findings of this study add to the existing evidence
base that suggests that there is no single weather condition that
has auniform effect on symptom expression inindividualswith
FMS at the group level. Although a statistical correlation
between humidity and symptom severity wasfound in thetweets
posted worldwide, the strength of the correlation was of
negligible explanatory value.

Only several US states provided enough tweets (ie, >1000) for
analysis within discrete geographic areas. Although there is
some global variation in FM S prevalence [30], it is likely that
this finding reflects a higher proportion of active Twitter users
inthe United States. However, thisrequiresfurther investigation.

Theinterpretation of significant correlation test resultsin Table
1 (although very weak) could be that, in California, when the
temperature, feels like, or heat index increases, the symptom
severity (pain) decreases, however, an increase in humidity
induces an increase in symptom severity (pain). This result
agrees with the study by Macfarlane et a [9] that suggests
patients believe warmer and drier climates improve their
symptoms. Yet, Table 1 shows a different result for New York.
In New York, when the wind speed increases the symptom
severity (pain) increases. Thisunderlinesthe fact that any impact
of weather variables such as temperature, humidity, and wind
speed on fibromyalgia symptoms (if true) may vary by
geographic location.

Each state represented a distinct climate condition that was
important in our tests. Correlation patternsin these states varied.
A clear association between weather variables and FMS
symptoms aso did not emerge from these data. This large
dataset isfurther evidence that any associations between climatic
variables and pain symptoms seen in single locations are
unlikely to reliably represent causal influences and would not
be expected to be replicated in larger samples.

Wedid not test for theinfluence of interactions between weather
variableson FM S symptomsin this study, although aclinically
significant effect of any such interaction would be unlikely.
Furthermore, these data do not exclude an effect of weather on
the FMS experience at the individual level, and it remains
plausible that particular weather states (or changes in weather

http://publichealth.jmir.org/2017/1/e4/

within individuals over time.

The graph and community detection analyses revealed severa
distinct patterns of communication in the FMS community.
Analysis of the top 25 term associations shows that the term
“pain” is associated with 5 other terms, which creates a
combination of pain-related concepts (ie, “pain,” “chronicpain,”
“chronic”) and non—pain-related terms (ig, “can,” “free,” “day,”
“back,” “today,” and “new” ; Multimedia Appendix 1). Theterm
“chronic” is also associated with other symptom-related terms
(“pain,” “i fatigue,” and “syndrome”).

illness,

The term-term graph built based on betweenness centrality
(Figure 1) showed that the top 10 terms according to
betweenness centrality included a number of words that are
used to describe time (eg, “today,” “day,” “just,” and “now”).
This may reflect the use of Twitter as a description of recent or
immediate events or subjective states. This can be considered
as a reassuring finding that Twitter provides valuable insight
into current symptoms, especialy if we are correlating with
concurrent environmental conditions. Examples of such tweets
from our corpus include the following:

| am at -3 spoons right now at least. This sucks.

#spoonie

| feel like have half a spoon right now and | just had

a nap. #spoonie
We also notice that the word “can” is identified within the top
10 and “can’'t” has the 41st rank. These words may represent
concepts of functional ability among individuals.

An example of atweet containing the term “can”:

Waiting for the meds and sedativeto kickinso | can
go back to sleep. #spoonie

An example of atweet that includes “can’t”:

Can't sleep because of my back. Just took a hot
shower and it didn't help enough. 1 spoon left right
now. #spoonie

We identified a total of 6 communities of communication
patterns among tweets relating to FMS. This is considerably
smaller than the number of communities detected within the
domain of “pain” (ie, 161 communities) using the same
community detection algorithm reported in astudy by Tighe et
al [17]. Of the 6 communitiesin our study, 2 accounted for the
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majority of terms (communities 1 and 3; Multimedia Appendix
1). It can be observed that community 1 mostly includes the
terms about “ subjective experience’ that reflect a description
of the current symptom state (eg, “now,” “feel,” “well,
“better”).

In contrast, the termsin community 3 tend to reference broader
issues of diagnosis, community, support, and awareness (eg,
“chronic,” “life,” “support,” “anyone”).

In this study, we hypothesized that community detection would
identify specific weather-related terms. We were able to detect
a number of weather-related terms in community 1 (see Table
4). Examples of these tweets include the following:

Of course, the rainy weather isn't helping. #spoonie
#fibro

Its cold and rainy in N.C!!! #fibro kickN now!!!
YUK, YUK!!! But it won't wiN! | will!
Not liking this snow. body isrevolting. pls send warm
weather or send me somewhere warm. #fibro sux.
should just go back 2 bed. #spoonie

One of the tweets about the impact of the weather was posted
from Scotland (March 18, 2010):

People say the weather has no effect on #fibro. THEY
LIEITSRAINING AND I'M ACHING. Sorry just had
to get that out

While the identified weather-related terms had a low degree
(see Table 4), and some of these terms such as “warm” were
used in other contexts (eg, “warm bath,” “warm clothes,” or
“warm hugs’), the results show the potential of social media
platforms for studying the impact of environmental factors on
chronic diseases from a first-person perspective.

Given that the terms in communities 1 and 3 represented more
than 80% of al termsin our corpus, it islikely that individuals
who tweet about fibromyalgia predominantly use this socia
medium either as a means of immediate symptom expression
or to access or develop a Web-based social structure for the
purpose of interpersonal support, advice, and advocacy.

Limitations

Our study has several limitations. First, one of the keywords
that we used was “spoonie.” This is because our first attempt
to collect tweets using only #fibro and #fibromyalgia returned
alimited number of tweets. When we examined the tweets, we
realized that most individuals with fibromyalgia use #spoonie
to tag their tweets. The inclusion of the search term #spoonie
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substantially improved the sensitivity of our search but at the
cost of some loss of specificity. There were some tweets that
were posted by individuals who might have other chronic
conditions. Thisisreflected in theinclusion of some overlapping
datarelated to other chronic illnesses such as SLE and chronic
fatigue syndrome.

Second, on many occasions, multiple hashtags occurred together
in a single tweet. This may reflect the high incidence of
“secondary” FM Sinindividualswith other rheumatic diseases.
Examples include the following:

Felt a little discouraged today when my doctor
thought it would take about a year for meto get back
to where | was. #spoonie #upus #fibro

Feeling horrible #Lupus, #Fibro, & now the FLU!!

Ugh Going to the Dr on Wed Putting on headset &

sleeping till Wed. lol
Third, our testsfor US states used rel ative location information
(states); however, it is unlikely that more precise location data
would have substantially affected the results. We cannot exclude
an effect on the results if the Twitter users spent most of their
time indoors[2,5].

Conclusions

Web-based social networking services enable usersto publicly
share their thoughts and opinions, including those related to
health behavior. Twitter is one of the most widely used social
networking and microblogging services. Tweets exist in the
public domain and are associated with additional dataincluding
date and time, as well as location. Aggregation and sentiment
analysis of a large number of messages can be used to better
understand the effects of contextual variables such as weather
on chronic diseases. It aso introduces new possibilities of
measuring safety and effectiveness of new treatments and
vaccines in real time and over time through surveillance of
public opinions on social media[31].

This study shows that computerized content analysis of social
media data provides anovel and potentially powerful approach
to understanding variation in the FMS experience from a
first-person perspective. Yet, auniform causal effect of weather
variation on FM S symptoms at the group level remains unlikely.
Any impact of weather on FMS symptoms may vary
geographically or at anindividual level. Futurework will further
explore geographic variation and interactions focusing on
individual pain trajectories over different seasons. We also plan
to extend our work on graph anaysis and community
identification by considering semantic relationships.
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Abstract

Background: The nonmedical use of pharmaceutical products has become a significant public health concern. Traditionally,
the evaluation of nonmedical use has focused on controlled substances with addiction risk. Currently, thereis no effective means
of evaluating the nonmedical use of noncontrolled antidepressants.

Objective: Socia listening, in the context of public health sometimes called infodemiology or infoveillance, is the process of
identifying and assessing what is being said about a company, product, brand, or individual, within forms of electronic interactive
media. The objectives of this study were (1) to determine whether content analysis of social listening data could be utilized to
identify posts discussing potential misuse or nonmedical use of bupropion and two comparators, amitriptyline and venlafaxine,
and (2) to describe and characterize these posts.

Methods: Socia listening was performed on al publicly available posts cumulative through July 29, 2015, from two
harm-reduction Web forums, Bluelight and Opiophile, which mentioned the study drugs. The acquired data were stripped of
personally identifiable identification (PIl). A set of generic, brand, and vernacular product names was used to identify product
references in posts. Posts were obtained using natural language processing tools to identify vernacular references to drug
misuse-related Preferred Terms from the English Medical Dictionary for Regulatory Activities(MedDRA) version 18 terminology.
Posts were reviewed manually by coders, who extracted relevant details.

Results: A total of 7756 references to at least one of the study antidepressants were identified within posts gathered for this
study. Of these posts, 668 (8.61%, 668/7756) referenced misuse or nonmedical use of the drug, with bupropion accounting for
438 (65.6%, 438/668). Of the 668 posts, nonmedical usewas discouraged by 40.6% (178/438), 22% (22/100), and 18.5% (24/130)
and encouraged by 12.3% (54/438), 10% (10/100), and 10.8% (14/130) for bupropion, amitriptyline, and venlafaxine, respectively.
The most commonly reported desired effects were similar to stimulants with bupropion, sedatives with amitriptyline, and
dissociatives with venlafaxine. The nasal route of administration was most frequently reported for bupropion, whereas the oral
route was most frequently reported for amitriptyline and venlafaxine. Bupropion and venlafaxine were most commonly procured
from health care providers, whereas amitriptyline was most commonly obtained or stolen from a third party. The Fleiss kappa
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for interrater agreement among 20 items with 7 categorical response options evaluated by all 11 raters was 0.448 (95% ClI

0.421-0.457).

Conclusions: Social listening, conducted in collaboration with harm-reduction Web forums, offers a valuable new data source
that can be used for monitoring nonmedical use of antidepressants. Additional work on the capabilities of social listening will
help further delineate the benefits and limitations of this rapidly evolving data source.

(JMIR Public Health Surveill 2017;3(1):€6) doi:10.2196/publichealth.6174

KEYWORDS

socia media; Internet; prescription drug misuse; substance-related disorders; pharmacovigilance; harm reduction; community-based
participatory research; bupropion; amitriptyline; venlafaxine hydrochloride

Introduction

Background

The nonmedical use of pharmaceutical products has become a
significant public health concern [1]. The National Survey on
Drug Use and Health (NSDUH) reported that in 2014, there
were 6.5 million people aged 12 years and older in the United
States who had used prescription psychotherapeutic drugs
nonmedically in the previous month [2]. Although the focus of
traditional surveillance systems is on controlled substances,
concerns occasionally arise over patient-initiated nonmedical
use of noncontrolled pharmaceutical substances and the potential
associated morbidity and mortality [3]. These concerns go
beyond nonadherence to recommended dosages, escalating to
the use of drugs to experience psychotropic effects, and in
combination with controlled substances to enhance euphoriaor
mitigate withdrawal .

An example is bupropion, a noncontrolled medicine approved
in many countries for the treatment of depression and asan aid
to smoking cessation. In early preclinical studies, bupropion
showed amphetamine- and cocaine-like behavioral effects in
animals [4-7]. However, human abuse potential studies
determined that bupropion had lower abuse liability than
amphetamine, methylphenidate, or caffeine when taken orally
[8-11], whichistheonly approved route of administration. This
research led to the noncontrolled classification of bupropionin
the United Statesand el sewhere. Morerecently several published
case reports of the nonmedical use of bupropion have emerged
[12-18], with particular focus on criminal justice and prison
settings [19-24]. In 2014, after reviewing severa reports,
GlaxoSmithKline updated the prescribing information, alerting
cliniciansto the risks of nonoral routes of administration [25].
A 2013 evaluation of the Drug Abuse Warning Network
(DAWN) database to examine the number of reports for
bupropion stratified by demographics, route of administration,
and disposition of the patient during the study period 2004-2011
did not provide evidence that misuse and nonmedical use of
bupropion was growing over time [26].

For newly marketed drugs that are suspected or confirmed to
have misuse and abuse potential, traditional methods for
pharmacovigilance signal detection include evaluation of
spontaneous postmarketing reports; retrospective studies of
observational databases, such asvital statisticsand poison center
cals, data from nationa surveys, surveys from surveillance
systemsthat measurerates of abuse, misuse, and diversion, such

http://publichealth.jmir.org/2017/1/e6/

as the Researched Abuse, Diversion and Addiction-Related
Surveillance (RADARS) system; focused studiesin geographic
regions of interest; and literature reports. However, those who
utilize prescription products nonmedically, for psychotropic
effects, may be hesitant to report this use to hedth care
providers, drug companies, and regulatory agencies, even when
adverse events are experienced. In addition, traditional
pharmacovigilance tools such as spontaneous adverse event
reports, medical literature, observational databases, and national
surveys have inherent time lags for data availability, often lack
product specificity, and may not be specifically tailored for data
collection on drug abuse [27].

With ease of access and instant feedback, more consumers are
turning to social media (forms of electronic interactive media
through which users create online communities to share
information, ideas, personal messages, and other content) to
discuss their medical experiences and ask questions about
medications in general [28,29]. Others have proposed using
social media data (Web forums; social network sites such as
Facebook, Twitter, Instagram, and You Tube; blogs; and chat
rooms) to support research findings[30-32], to conduct surveys
[33-35], and for surveillance of pharmaceutical and illicit
products [36-42]. Similar to the methodology of this study,
some have also utilized social media specificaly to evaluate
the nonmedical use of prescription drugs [43-50]. Each of these
studies used lexicon-based strategies for gathering social media
content and qualitative analyses to identify perceptions and
behaviors relating to nonmedical use of controlled
pharmaceutical drugs. Although elements of the study designs
reported in previous publications are similar to this study, they
all focused on drugs with recognized abuse liability. However,
this study focused on drugs that are neither controlled nor
recognized by regulatory authorities as exhibiting abuse liability.

Conversations about nonmedical drug use do occur in
harm-reduction Web forums. These websites first began to
appear in the 1990s and are used to seek drug-related
information, to share drug experienceswith like-minded others,
to reduce harm, to seek support, and to build a sense of
belonging to acommunity, although often through participants
using a pseudonym [51,52]. These functions of Web forums
are particularly salient to people who are concerned about the
social and legal ramifications of revealing illicit behaviors or
stigmatized identitiesto their immediate personal networks[52].
The pseudonymous nature of Web forum identities sets them
apart from those on the newer social mediaplatform, Facebook,
which has a “rea name’ policy [53]. Although many other
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Web-based communication platforms have been superseded in
the Facebook era, pseudonymous Web forums in which drugs
arediscussed continueto retain existing communities and attract
new members.

Social listening, in the context of public health sometimescalled
Infodemiology or infoveillance [54], isthe process of identifying
and assessing what is being said about a company, product,
brand or individual, within forms of electronic interactive media
[38,55]. The objectives of this study were (1) to determine
whether content analysis of socid listening datacould be utilized
to identify posts discussing potential misuse or nonmedical use
of bupropion and 2 comparators, amitriptyline and venlafaxine,
and (2) to describe and characterize these posts.

Study M edication: Bupropion (Wellbutrin, Wellbutrin
XL, Wellbutrin SR, Zyban)

Bupropion, areuptake inhibitor of norepinephrine and dopamine,
was approved by the United States Food and Drug Association
(FDA) for the treatment of major depressive disorder in 1985
[25] and for the treatment of nicotine dependence as an aid to
smoking cessation in 1997 [56]. Controlled clinical trials were
conducted in normal volunteers, in subjects with a history of
multiple drug abuse, and in depressed subjects. These studies
showed some increase in motor activity and agitation or
excitement, which is often typical of central stimulant activity.
Evidence from single-dosetrials suggeststhat the recommended
daily dosage of bupropion, when administered orally in divided
doses, is not likely to be significantly reinforcing to
amphetamine or central nervous system stimulant seekers.
Higher doses, which could not be tested because of the risk of
seizure, might be modestly attractive to those who use the central
nervous system drugs nonmedically. Stimulant adverse reactions
reported from clinical trials include central nervous system
stimulation and hypomania, and those reported from
postmarketing include euphoria, hallucinations, and manic
reaction [25]. Reports in the literature indicate cocaine-like
high, stimulant high, and euphoric effects with bupropion
[22,24,57].

Comparator Medications

Amitriptyline (Elavil, Endep)

Amitriptyline is a tricyclic antidepressant (TCA) with known
sedative properties and was approved by the FDA for the relief
of symptomsof depressiveillnessin 1961 [58]. Sedative adverse
reactions reported with TCAs include drowsiness, fatigue,
disorientation, confusional states, and disturbed concentration
[58]. There are discussions in the literature, including case
reports, regarding the nonmedical use of amitriptyline [59-63].
The majority of case reports do not identify the route of misuse
administration. When reported, the medications were described
as taken orally, and in some cases, in large doses to produce a
“euphoria’ and a“pleasant” feeling [3,64].

Venlafaxine (Effexor, Effexor XR)

Venlafaxineisaserotonin and norepinephrine reuptake inhibitor
(SNRI) and its extended-rel ease formulation was approved by
the FDA in 1997 for major depressive disorder, generalized
anxiety disorder, socia anxiety disorder, and panic disorder
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[65]. Inclinical studies, therewas no indication of drug-seeking
behaviors, however, venlafaxine has not been systematically
studied in clinical studies for its potentia for nonmedical use.
The United States prescribing information suggests that
physicians carefully evaluate patientsfor history of nonmedical
use of drugs and follow them closely for misuse or nonmedical
use. Dissociative adverse reactions reported from clinical trials
include  sweating, dizziness, hallucination, and
depersonalization; postmarketing reportsinclude delirium [65].
There are case reportsin the literature that describe large doses
of oral ingestion (4050 mg and up to 3750 mg/day) to achieve
altered states (“amphetamine-like high,” “more empathic and
sociable” and “elated” mood) [66-67]. These cases suggest that
the nonmedical use of SNRIs may result in amphetamine-like
effects or the dissociative effects of excess serotonin [3].

Methods

Study Design

Thiswas aretrospective, observational, and qualitative content
analysis [68]. We analyzed al cumulative data on 3
noncontrolled antidepressant drugs (bupropion plus two
comparators, amitriptyline and venlafaxine). As minimal work
has been donein eval uating the nonmedical use of noncontrolled
substances, comparator antidepressant data provided context in
evaluating outcomes. Amitriptyline and venlafaxine were
selected as comparators because they are indicated for
depression; however, each one represents a unique mechanism
of action for effect. In addition, similar to bupropion, the United
States regulatory approvals of amitriptyline and venlafaxine
predate the existence of the two target Web forums, thus
increasing the chances of seeing the discussions reflecting these
drugs. Summary statistics on numbers of posts, threads, and
authorsfor 4 additiona controlled substances (methylphenidate,
alprazolam, buprenorphine, and oxycodone) were also collected
and compared for contextualization.

Data Sources

Datawere collected from two publicly available harm-reduction
forums (Bluelight and Opiophile) from their launch dates (1997
and 2003, respectively) through July 29, 2015. The sites were
chosen from pilot work suggesting that these were particularly
rich databases for this type of information. Bluelight has been
in operation continuously since 1997, and is the largest global
drug discussion website with over 320,000 membersand nearly
7 million posts. Opiophile, in contrast, has experienced several
periods of downtime since its launch in 2003, owing to server
issues. At the time of data analysis, it had been offline since
mid-2015, and had only 7927 members and just fewer than
100,000 posts at study inception.

Data Processing

Message preparation began with extracting a set of generic,
brand, and vernacular product names, including misspellings,
from Epidemico’'s MedWatcher Socia product dictionary
[38,69]. That set of product names was then used to identify
posts. Posts from Opiophile were gathered by identifying and
downloading all posts with references to the products via
customized software developed by Epidemico. Posts from
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Bluelight were gathered by creating and searching a copy of
theforum’sunderlying database in cooperation with the forum’s
administrators. All posts containing references to the 3
antidepressants were subjected to customized natural language
processing toolsthat identified formal and vernacular references
to misuse-related Preferred Terms. The Preferred Terms were
then associated with 1 of the 3 study drugs [38]. For this study
we utilized the English Language Medical Dictionary for
Regulatory Activities (MedDRA) version 18.0 terminology,
including the broad scope Standardized MedDRA Query (SMQ)
“Drug abuse, dependence, and withdrawal.” MedDRA is a
clinically validated international medical terminology utilized
by regulatory authoritiesthroughout the drug lifecycle process. It
is the international medical terminology developed under the
auspices of the International Conference on Harmonisation of
Technical Requirements for Registration of Pharmaceuticals
for Human Use (ICH) [70]. In addition to thisquery, 3 Preferred
Termsoutside of this SMQ were added: Injection, Injection site
reaction, and Legal problem (see Multimedia Appendix 1). All
posts mentioning the target antidepressants were reviewed by
a coding team composed of pharmacists, a physician,
epidemiologists, = Web-based  harm-reduction  forum
administrators, and providers of health and social services to
peoplewho use drugs nonmedically (see Multimedia A ppendix
2). Each post was evaluated by a single coder, and challenging
posts were further reviewed by 1 or more additional members
of the coding team. Coders extracted available information
about authors expressed behaviors, intentions, experiences,
and sociodemographic profile for posts that referenced misuse
or nonmedical use of antidepressants (see Multimedia A ppendix
3). The population was thus self-selecting and voluntary and

Table 1. Definitions of abuse and misuse.

Anderson et d

may include users from any country or background as long as
they posted in the English language and agreed to the site's
policies. In addition, the acquired data were stripped of
personally identifiable identification (PIl) and provided in a
deidentified format.

Definitions

Complete alignment is not apparent among regulators, the
pharmaceutical industry, and harm reductions practitioners
regarding how to define the misuse or nonmedical use of
prescription products [71]. The World Health Organization
states that the nonmedical use of adrug isconsidered “misuse,”
whereas the FDA defines nonmedical use of adrug as “abuse”
[72-74]. Abuse is a term that is widely used but varies in
meaning. The term “abuse” sometimes conveys a negative
connotation or denotes disapproval [75]. In the United States,
theterm generally refersto problems of psychoactive substance
use for both prescription and nonprescription compounds (see
Table 1).

Inthisstudy the SMQ Drug abuse, dependence, and withdrawal
was utilized. Due to inherent regulatory commitments, the
authors of this publication also opted to utilize the FDA
definitions of abuse and misuse [73,74]. However, when
referring to activitiesthat fall under the FDA definition of abuse,
we use the term “nonmedical use” When the term “abuse’ is
used, it is not the intention of the authors to disapprove of or
pass judgment on any person involved in substance use or the
online communitieswherethisuseisdiscussed. In addition, the
information and discussion presented here should not be viewed
as suggesting or approving of the misuse or nonmedical use of
these antidepressants.

Agency Definition of “abuse” Definition of “misuse”
World HealthOr-  Persistent or sporadic excessive drug use inconsistent  Use of a substance for a purpose not consistent with legal or medical
ganization [72]  with or unrelated to acceptable medical practice. guidelines, asin the nonmedical use of prescription medications.
Foodand Drug  The nonmedical use of adrug, repeatedly or even spo- The use of adrug outsidelabel directionsor in away other than prescribed
Administration  radically, for the positive psychoactive effectsit pro- or directed by a health care practitioner. This definition includes patients
[73,74] duces. using adrug for a condition different from that for which the drug is pre-
scribed, patients taking more drug than prescribed or at different dosing
intervals, and individuals using a drug not prescribed for them, although
for therapeutic purposes.
. medica purpo but outside of how it was prescribed or
Manual Coding PUTPOSES, P

Manual coding is the process of manually reviewing posts to
extract medical insights, similar to chart abstraction intraditional
studies. The coding team completed standardized training prior
to evaluating posts for this project and met regularly to discuss
challenging posts and determine standards. All decisions and
guidance were tracked and documented in a coding manual,
with updates added as new situations occurred and team
decisions were made.

The FDA definitions of misuse and nonmedical use above were
utilized to guide the coders. If a posting author described
utilizing one of the drugs specifically for the potential
psychoactive effects, the post was coded as “nonmedical use”
Alternatively, if a posting author described taking the drug for

http://publichealth.jmir.org/2017/1/e6/

labeled, the post was coded as “ misuse.”

The coding of postswas conducted utilizing a custom-built Web
application called “ In-sight Explorer,” which hel ped ensure that
each reviewer was presented with a randomized set of forum
poststo evaluate [ 76]. Additionally, the source of the postswas
blinded to the coders. If a coder had any concern about how to
answer any question relating to an individual post, the software
helped to facilitate collaboration among the reviewers by
enabling them to send arequest for secondary review to any of
the other coders or the whole group.

The software takes advantage of contextually highlighting the
post content through the use of RxNorm- and
MedDRA -controlled vocabulariesto help coders quickly identify
those portions of the text that may be relevant to the review
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process. RxNorm is a catalog of the standard names given to
clinical drugs and drug delivery devices in the United Statesto
enabl e efficient and accurate communi cation between electronic
systems, independent of software and hardware capacity [77].
A screenshot of the coding tool is shown in Multimedia
Appendix 4. All of the metadata collected about each post by
manual coding is then recorded into a central database, which
serves as the basis for results presented in this paper.

Interrater Reliability (IRR)

Metrics of interrater agreement were calculated to assess the
coding team’s agreement on tagging of posts. A random sample
of 10 posts was gathered from the dataset and evaluated by all
members of the coding team using the same questions and
response options available in the manua coding interface.
Agreement between coder-applied tags was then evaluated by
calculating Fleiss kappa metrics of interrater agreement [78].
The use of Fleiss kappa was justified by the number of raters
being assessed (11) and the nominal-scale format of ratingsthat
were applied. The analyses included responses to the first two
guestionsin the coding protocol, which asked codersto identify
whether the post included reference to misuse or nonmedical
use of in-scope products and what type of reference was made
where applicable. Additional questions were omitted from
analysisto reflect the coding protocol instruction to leave default
answers unchanged if relevant information was not present in
each post, thereby preventing artificial inflation of interrater
agreement.

Ethics

In this study, we analyzed the archives of two Web forums.
Two main areas of ethical focus were considered for thiswork:
informed consent from individuals and communities and the
protection of Pl1.

We drew from the heuristic approach provided by McKee and
Porter [79] that charts 2 dimensions against each other: private
to public communication and sensitive to nonsensitive
information. Content that is deemed sensitiveand isin the public
domain sitsin agray zone from an ethical perspective, and the
extent of protection for the individuals who write the content
and the communities that host the content should be assessed
on acase-by-case basis. The community discussionsdemonstrate
that contributors are aware of the public nature of the content
that they post, and almost all contributors utilize pseudonyms
to mask their identities. Although the subject matter may be
seen as sensitive, these elements led the research authors to
determine that consent from individual contributors was not
necessary to conduct the research. It was also important to
maintain any particular contributor’s anonymity, as the extent
to which their pseudonym may reveal identifying information
about them is unknown to the researchers. Therefore, to protect
the identity of all post authors, PIl was removed from all posts
by athird-party vendor before receipt of the posts for coding.
The types of Pl removed included screen names, user names,
first and last names, and addresses. In addition, where posts
were included as examples in this paper, the post text has been
paraphrased and altered in nonmeaningful ways to protect
peoplé€’sidentity and to prevent unmasking using I nternet search
engines. Because our research did not involve intervention or
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interaction with the individuals, nor is the information
individually identifiable, our study did not meet the criteria of
the Office for Human Research Protections (OHRP) framework
that guides ingtitutional review board (IRB) status. As such,
IRB approval was not pursued.

Some researchers anonymize the names of the Web forumsthat
they utilize as data in order to further assure confidentiality of
the individual contributors or because the group had neither
been actively involved in the research nor given consent to be
involved [80,81]. Here, we took a participatory or partnership
approach [82]. Bluelight has a research portal accessible from
the front page of the website, which asserts Bludlight's
ownership of the forum content and instructs researchers to
contact Bluelight administrators to discuss proposals for
research, including archival analyses. The researchers contacted
Bluelight to initiate discussions regarding this project, resulting
in a partnership approach involving regular contact and
contribution of Bluelight representatives to this study.

We contacted Opiophile viaemail to request consent and terms
of access for gathering data from that forum. As no response
was received from Opiophile, we reviewed the site’s privacy
notice and user agreement and determined that gathering data
for research purposes was within the scope of permitted uses.
Opiophile forum posts were gathered using customized
Web-crawling software that stored the primary body of text
included in each post. Usernames, post titles, thread titles, or
other information allowing retrospective identification of the
authors' Web-based identities were not included in the dataset
used for coding or analysis.

We contacted a third potential data source, Erowid, to request
consent and terms of access for gathering samples from their
database of user-reported experiences with drugs. No response
was received from Erowid, and their usage agreement explicitly
prohibited data gathering or publishing of analyseswithout prior
permission. In light of those policies and in the absence of
response from site administrators, Erowid was excluded as a
data source for this study.

Results

General Results

A total of 7270 postswere reviewed, containing 7756 references
to at least one of the chosen products (ie, about 500 posts
referenced more than 1 antidepressant). For purposes of
simplicity, we refer to the 7756 as the denominator for
proportion calculations. Of the total 7756 posts, 668 contain
reference to misuse or nonmedical use of the product as defined
above. This was 8.61% (668/7756) of the total reviewed, and
within those 668 posts, 425 (63.6%, 425/668) were about
nonmedical use and 243 (36.4%, 243/668) were about misuse
(see Multimedia Appendix 5). The remainder of the posts made
referenceto in-scope products and drug use, but did not describe
specific acts, intentions, or effects of nonmedical consumption.
Thisnonmedical use and misuse subset of the data (n=668) was
further analyzed as noted below. A breakdown across the 3
in-scope products is shown in Table 2. For demographic
information including age, gender, country, ethnicity, and
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socioeconomic status, none of these was availablefor more than
4% of the posts.

In total, 656 (98.2%, 656/668) posts came from Bluelight and
12 (1.8%, 12/668) from Opiophile. The difference between
Bluelight and Opiophile numbers may be due to Opiophile’s
primary focus on opioids, periods when Opiophile was closed
or down, length of time the 2 sites have been active (Bluelight

Table 2. Breakdown of posts among 3 antidepressants.

Anderson et d

since 1997 and Opiophile since 2003), and the differencein size
between the 2 websites.

To better contextualize the overall numbers of these posts, the
numbers of posts for controlled substances with nonmedical
use potential are avalable for comparison in Table 3.
Discussions for the noncontrolled substances (first 3 in Table
3) were considerably fewer than for controlled substances.

Posts Bupropion Amitriptyline Venlafaxine Total posts
Individual drug posts reviewed, n (%) of total posts reviewed 3472 (44.77) 1105 (14.25) 3179 (41) 7756
Misuse or nonmedical use-related posts, n (%) of total drug specific 438 (12.6) 100 (9.1) 130 (4.2) 668 (8.61)
posts
Nonmedical use posts® 305 (69.6) 60 (60) 60 (46.2) 425 (63.6)
Misuse posts® 133 (30.4) 40 (40) 70 (53.9) 243 (36.4)
3 apost contained both a nonmedical use and misuse mention, it was captured as nonmedical use.
Table 3. Total number of posts for 7 different drugs.
Product Bluelight Opiophile Total®
Bupropion 4058 39 4097
Amitriptyline 1183 6 1189
Venlafaxine 3508 19 3527
Methylphenidate 12,274 95 12,369
Alprazolam 41,334 835 42,169
Buprenorphine 44,639 1538 46,177
Oxycodone 104,270 2269 106,539

&Total numbers before any removal of duplicates or manual review of posts; thusdifferent from the final product numbers for in-scope products presented

above for the most appropriate comparisons to be made.

Misuse and Nonmedical Use Data Subset Results

Additional characteristics of each post were examined by the
coding team. The results from each characteristic or data point
extracted are shown in Multimedia Appendix 6, with
paraphrased example posts for illustration.

Information about the desired effect of adrug was deduced from
266 total posts (39.8%, 266/ 668 post dataset). Figure 1 shows
that although all 3 pharmaceutical s have the same antidepressant
indications, their desired effects in nonmedical use are quite
different. Bupropion seems to be most desired as a stimulant,
whereas amitriptyline most desired as a sedative, and
venlafaxine as a dissociative.

Example “desired effect” posts:

| dissolved a 150mg bupropian in warm water. Then
| putitinthefreezer and took a nap. The solution had
frozen, but it thawed quickly upon shaking. | injected
the solution into my arm after filtering twice through
filters | got from needle exchange. Is it possible the
bupropion was altered by either the freezing, or the
boiling? | am definitely feeling stimulated, else |
wouldn't be bothering to post and I'd continue lurking.

http://publichealth.jmir.org/2017/1/e6/

| want to get more sedation without upping my benzos
or opiates. Can | add Elavil to the mix, or maybetake
something out of the mix and add amitriptyline since
| know it is sedating.

For me, going into rehab didn't stop me fromfinding
drugs. | pretended to do well in rehab to get out. |
was buddies with the nurse in rehab and he got me
meth. | took my mom'’s prescription pad and wrote
venlafaxine to induce mania, got her to prescribe me
Ritalin, etc. Rehabilitation never ends.

Information about route of administration for nonmedical use
was deduced from 214 total posts (32%, 214/ 668 post dataset),
with bupropion accounting for 182 posts (41.6 %, 182/438 of
bupropion posts), amitriptyline for 17 posts (17%, 17/100 of
amitriptyline posts), and venlafaxinefor 15 posts (11.5%, 15/130
of venlafaxine posts). Of note, 21 bupropion posts mentioned
more than 1 route to equal 196 route mentions within the 182
bupropion posts. Figure 2 shows that the preferred nonmedical
route of administration for bupropion isintranasal followed by
intravenousor injection. The“other” category includes plugging,
rectal, parachuting, foiling, and “abusing any other way.”

Example “route of administration” posts:
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| scared myself to death once. Didn't have anything
and | had heard that bupropians could be snorted for
a high and | did, man that stuff hits you faster than
cocaine...even numbs you the same. But it feels like
your snorting knives...never again!

| was dumb enough onceto snort amitriptyline which

Anderson et al

for procurement via stealing or illegal purchase than bupropion
or venlafaxine, which were most commonly acquired via
prescription from a health care provider. The “other” category
comprised implied pharmacy dispensing error, “found on
ground,” “by accident,” and “came across.”

Example of “method of procurement” posts:

isa great benzo and opiate activator. | guess| wanted
a quick onset, instead | got 30 minutes of awful
burning pain! I've only had light blue and yellow pills
without any markings, | don't know if the brand name
burns as much but |'ve learned my lesson now.

Maybe | scored with my Effexor prescription if | took

more. | took several 75mg tablets at onetime and did

feel more alert, happy. | can take them as prescribed

and benefit from the effect it has on making

methadone more effective or | can use the month's

supply in a few days and get a great high.
The means of procurement of the drug are shown in Figure 3.
Overdll, procurement method was mentioned in 62 (9.3%,
62/668) of the posts, with bupropion accounting for 38 (8.7%,
38/438 drug specific posts), amitriptyline for 13 (13%, 13/100
drug specific posts), and venlafaxinefor 11 (8.5%, 11/130 drug
specific posts). Although they have similar licensed indications,
the 3 drugs show some differences in most common route of
procurement, with amitriptyline showing a higher propensity

I have had some bupropion around from an old
prescription. | had read about people snorting it in
variousforums. The reviewswere more negative than
positive and the positive seemed really weak to say
the least. But | was bored one day after drinking a
few beers and smoking weed and | thought that it
won't hurt 1 time. | was wrong, the experience was
turned bad after a while. | snorted 500 mg over the
course of about 5 hours. The only positive sensation
was somewhat more alert at first and having a buzz

My friend found a lot of amitriptyline so I'm
wondering...does it have potential for recreational
purposesif used with weed? What about starting dose,
good recreational dose, and dangerous dose? Would
codeine or valium be a good addition?

Last week, | found some venlafaxine pills on the
street...Anyone else taken these while drinking and
have an intense experience?

Figure 1. Desired effect posts by drug.
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Figure 2. Route of administration details by drug.
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Interrater Reliability Results (IRR)

The Fleisskappafor interrater agreement among 20 itemswith
7 categorical response options evaluated by all 11 raters was
0.448 (95% Cl 0.421-0.457).

Discussion

Principal Findings

This paper makes 2 contributions. First, wewere ableto design
a methodology that detects misuse and nonmedical use of
noncontrolled substances in harm-reduction Web forums, a
novel pharmacovigilance process. Second, we were able to
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validate this methodology by confirming the formerly sparse
literature and spontaneous adverse reports regarding the
nonmedical use of bupropion, previously unconfirmed by the
DAWN database study. The evidence from these forums
suggests that despite being noncontrolled substances, these 3
antidepressants have properties sought out by those seeking
positive psychoactive effects. Collectively, the data reveal that
nonmedical use of the 3 antidepressants differs markedly. The
most commonly discussed types of effects were stimulant for
bupropion, sedative for amitriptyline, and dissociative for
venlafaxine. This is consistent with what is seen in literature
reports for each drug, respectively. The data also indicate that
amitriptyline was sought most frequently in combination with
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other (usually controlled) substances for euphoric effect; such
acombination was reported much less frequently for bupropion
and venlafaxine. Nasal insufflation was the most popular route
for abuse of bupropion, seen nearly twice as often aswith either
comparator drug. One of the most interesting findings overall
wasthe high percentage of postsin these forumswhich actually
discouraged the nonmedical use of bupropion, whereas posts
encouraging nonmedical usewererelatively constant acrossthe
3 drugs. Nonmedical use was discouraged either owing to side
effect profile (nasal burning), danger (risk of seizure), or failure
to achievethe desired effect by various post authors. These data
aso provide a rare glimpse into the combinations of
antidepressants and other substances that are used outside of a
medical context, providing a basis for harm-reduction

messaging.
Methodology Strengths

This novel methodology allows for the differentiation between
misuse and nonmedical use patterns among 3 commonly
prescribed antidepressants, al of which are noncontrolled
substances according to international treaties. Thisstudy reveals
that the posted experiences of antidepressants when misused or
used nonmedically are heterogeneous. Whereas animal studies
have suggested some of these differences, rodent models are
limited in their ability to discern certain mammalian effects,
such as dissociative effects, sought out by nonmedical users. In
addition, epidemiologic surveillance systems have not had the
product-level resolution to discern the subjective differences,
often combining all medications in this therapeutic areainto 1
category. The methodology provided herein suggests that Web
forums may be able to fill this key information gap.

The medications selected for this eval uation are antidepressants,
noncontrolled substances that have limited epidemiologic
surveillancefor misuse and nonmedical use. Lingering questions
about antidepressant misuse and nonmedical use typically are
not captured and measured by most large-scale epidemiologic
surveys, making it challenging to characterize from both adrug
misuse and atoxicological perspective [3]. The socid listening
methodology outlined in this paper provides a framework for
further exploration of the misuse and nonmedical use of other
noncontrolled substances.

The“ controlled substance” classification isused in accordance
with international treaties to designate drugs (both medicinal
and illicitly manufactured) that have shown potential for abuse
[83]. The World Health Organization’s Expert Committee on
Drug Dependence (WHO-ECDD) makes scientific
recommendations that are codified into international treaty
obligations by the International Narcotics Control Board (INCB)
in Vienna, Austria. In order to conduct this work, these
multilateral bodies make extensive use of surveillance systems
across member states [84]. Although many privately and
publicly sponsored surveillance systems exist for pharmaceutical
and illicitly manufactured controlled substances [85-90], there
is a paucity of information about the nonmedical use of
noncontrolled substances. Social listening may potentially drive
validation or rejection of already existing hypothesis generating
data sources utilized in traditional safety surveillance that on
their own may contain small numbers or missing information
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(spontaneous reports, literature, surveys). This may be
particularly fruitful with challenging areas of surveillance, such
asthe nonmedical use of noncontrolled drugs, as presented here.

Thisisan entirely new data source and method of data collection
for pharmacovigilance activities. This dataset provided much
more detail than traditional forms of pharmacovigilance data
sources and holds great potential, especially in areas such as
the nonmedical use of noncontrolled substances, where data
have been difficult to obtain through standard pharmacovigilance
practices. The unscripted and unsolicited format of the data
provides an understanding of the thoughts of people who use
these drugs, in their own words. The longevity of these forums
to date may provide an ongoing means of monitoring the extent
of abuse of various drugs.

Methodology Limitations

It is unclear how representative the experiences of those who
post anonymously on the Web are of those of the general
nonmedical drug-using population and nonmedical use of
bupropionin particular, and prevalence of drug usein the greater
population cannot be extrapolated from these data. Access to
Internet connections, literacy, and socia norms for public
discussion on drug nonmedical use vary considerably around
the world. In addition, there may be a bias toward younger age
groups, who are “digital natives’ and have more plasticity with
their Web-based identities. For example, in a survey of 897
Bluelight members in 2012, the mean age was 25 years and
76% were male [34]. The representativeness of posts is also
compromised by the “1% rule,” which states that 1% of a Web
community posts the vast mgjority of content (“superusers’),
whereas another 9% is posted by “contributors,” and 90% do
not post content at al (“lurkers’). Thisconcept has been recently
confirmed [91]. Although there are clear differences in the
experiences, uses, and perceptions of the antidepressants studied
here, limitations in representativeness could compromise
attempts to extrapolate prevalence from the quantification of
post content.

There are other limitations with this methodology. In order to
protect privacy, the identity of authors was masked to the
researchers. Asaresult, it is not known how many post authors
are represented in the 7270 posts. However, maintaining
multiple accounts over timeisapractice endorsed by long-term
users. Even with transparency into author pseudonyms, we still
would not gain insights into a direct 1:1 ratio of authors and
pseudonyms. Also limiting is the inherent scale limitations
associated with manual coding, which can be labor and time
intensive. For larger or ongoing projects, computational
techniques should be considered. Finaly, this is a novel
methodol ogy and the weight of evidence of asocia mediastudy
and where it sits in the hierarchy of evidence still needs to be
formally assessed and determined.

Bluelight is considered to be the largest repository for
discussions about nonmedical use and misuse of substances. At
the time of writing (September 13, 2016), Bluelight had amore
popular global ranking than other drug discussion websites,
such as Drugs-forum, Opiophile, and Erowid, based on the
traffic ranking at Alexa, which was “calculated using a
combination of average daily visitorsto the site and pageviews
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on the site over the past 3 months. The site with the highest
combination of visitors and pageviews was ranked “#1” [92].
Therefore, we believethislends credibility of confidenceto our
work.

A common approach among researcherswho analyze the content
of publicly available Web forum communities is to copy the
avallable data and produce their research independently
[80,81,93-95]. Some researchers may believe that the
community itself would not welcome research collaborations.
They may a so be unaware of intellectual property implications,
applicable copyright laws, or terms of service specific to these
communities which prohibit noncollaborative practices, such
as unauthorized mining or harvesting of data, often referred to
as “scraping” Bluelight's experience has been that many
researchers simply do not consider the Bluelight community
leaders as key stakeholders in their research: researchers may
describe concerns about the ethics of engaging with individual
contributors, but often appear unaware about the forum
community’s broader interest in how the community is
contributing to scientific knowledge and is represented by
researchers.

The collaborative or participatory approach described here and
previously published [82] is an aternative ethical framework
that has a number of advantages. First, the researchers can
identify the Web community in publications confidently,
providing greater transparency and context for their findings.
Second, Web community representatives can be engaged in the
research process, working alongside researchersto help interpret
and contextualize emergent understandings arising from the
research. For example, in this study, it was helpful when
community representatives resolved ambiguities arising from
commonly used expressions and identified PIl, such as
pseudonyms embedded intext, that were not completely obvious

Anderson et d

to community outsiders. Third, researchers taking the
collaborative approach can be confident that they are not
breaching the terms of service or intellectual property rights of
Web communities because the dataset was obtained directly
and with authorization from community leaders. While not all
Web communities welcome this kind of collaboration, the
authors of this paper believe it isimportant for researchers who
wish to utilize community data to attempt to engage
communitiesin the first instance, rather than assume alack of
interest or capacity from the outset.

Conclusions

This study demonstrates the potential impact of anonymous
conversationsin Web-based harm-reduction forums, where safe
communities are created for the exchange of ideas and
experiencesregarding drug use. Our experience suggests benefit
from collaboration directly with Web forum communities. The
evaluation of 2 harm-reduction forums across 3 antidepressants
revealed alevel of misuse and nonmedical use detail not seen
in traditional surveillance data sources and confirmed previous
observations for bupropion. Particular insights were seen in
identifying and characterizing desired effects of misuse and
nonmedical use, routes of administration for nonmedical use,
and methods of drug procurement. In addition, the majority of
forum posters discouraged the misuse and nonmedical use of
all 3 antidepressants. Although social media listening is a
promising data source for pharmacovigilance, concernsremain
around the generalizability of these results and the value for
clinicians and regulatory agencies. Despite these limitations, it
warrants noting that this study captured detailed data around
the historically difficult-to-monitor area of misuse and
nonmedical use of noncontrolled substances. Further study is
needed to establish the benefits and limitations of social media
listening in this area of safety surveillance.
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Abstract

Background: Internet search isthe most common activity on the World Wide Web and generates a vast amount of user-reported
data regarding their information-seeking preferences and behavior. Although this data has been successfully used to examine
outbreaks, health care utilization, and outcomes related to quality of care, its value in informing public health policy remains
unclear.

Objective: Theaim of this study was to evaluate the role of Internet search query data in health policy development. To do so,
we studied the public’s reaction to a major societal event in the context of the 2012 Sandy Hook School shooting incident.

Methods: Query data from the Yahoo! search engine regarding firearm-related searches was analyzed to examine changesin
user-selected search terms and subsequent websites visited for a period of 14 days before and after the shooting incident.

Results: A total of 5,653,588 firearm-related search queries were analyzed. In the after period, queries increased for search
termsrelated to “guns’ (+50.06%), “ shooting incident” (+333.71%), “ ammunition” (+155.14%), and “ gun-related laws’ (+535.47%).
The highest increase (+1054.37%) in Web traffic was seen by news websites following “shooting incident” queries whereas
searches for “guns’ (+61.02%) and “ammunition” (+173.15%) resulted in notable increases in visits to retail websites.
Firearm-related queries generally returned to baseline levels after approximately 10 days.

Conclusions:  Search engine queries present a viable infodemiology metric on public reactions and subsequent behaviors to
major societal events and could be used by policymakers to inform policy devel opment.

(JMIR Public Health Surveill 2017;3(1):€12) doi:10.2196/publichealth.6033
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Introduction

Nearly 9 out of every 10 Americans have Internet access at
home [1] and Web browsing accountsfor an average of 23 hours
per week that includes activities such as communication,
entertainment, news, shopping, and socia networking [1,2].
Importantly, searching the Web for information using search
engines far surpasses most other types of activities with over
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91% of US adults contributing to Web traffic of this nature [3].
Consequently, Web searches generate a vast amount of datain
the form of users search queries which capture their
information-seeking preferences (eg, what they search for) and
behavior (eg, what sites they visit). Anaysis of this
information—a form of infodemiology [4]—could be used to
improve our understanding of various issues which in turn can
inform policy development.
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Infodemiology is an emerging discipline that focuses on
analyzing electronic information from the Internet (eg, search
queries, social media, and so on) in order to provideinformation
on public health and policy [4]. Previous infodemiology
literature has examined Web search query data to evaluate
various public health and health care research questions. For
example, severa studiesused Web search query datato identify
influenza outbreaks ahead of conventional population detection
methodsin the United States[5-13] and abroad [14-20], aswell
as other public health surveillance [21-24]. Researchers have
also analyzed search queries for the detection and prevention
of adverse drug events, or any other drug related complications
[25-27]. Finally, Web-based search logs have been utilized to
predict health care utilization and costs following information
seeking on search engines [22,28-30]. To our knowledge, no
study has examined search datato better understand the public’s
sentiments, reactions, and behaviors to major societal events.

We consider major societal events consistent with the “social
crises’ definition from the crisis management literature. These
events are characterized by the severe consequences of the
incident, low probability of incident occurrence, and the
informational and situational uncertainty that occur among
members of the public [31,32]. These situations are inevitably
accompanied by collective anxiety, improvised group behaviors,
and adaptive collaboration among the public [32-36]. Public
mass shooting events share these characteristics; they have a
low probability of occurrence, they are followed by lack of
reliable information regarding details and consequences of the
event, and generate heightened anxiety and public outcry in
response to the situation.

The purpose of this paper was to analyze search query datain
the context of a major societal event. We decided to study the
Sandy Hook Elementary Shooting incident that occurred on
December 14, 2012, in Newton Connecticut to determine
whether such data can be used to better understand the public’s
reactions to such an event. The act of alone gunman causing
the deaths of 20 children and 6 adults received national and
international attention, prompting renewed public interest in
gun issues [37]. We are interested in understanding how
firearm-related information seeking (eg, looking up relevant
laws, learning about advocacy) and Web-based behavior (eg,
visits to firearm-related retailers) changed immediately after
the incident. Understanding these trends will provide insights
into how Americans responded to the incident which can
enhance societal debates and inform policy development related
to firearms.

Methods

Data Source and Preparation

We examined deidentified data from Yahoo! search engine
queries in a 28-day period before (14-day) and after (14-day)
the Sandy Hook shooting incident. Our population consisted of
all usersof the Yahoo! search enginelocated in the United States
(including Puerto Rico and Mariana Islands) that queried
firearm-related searches during the study period. The mgjority
of theinformation consumed on the Web starts as search queries
entered by the user. The choices made by the user in the form
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of websites they click from the list of populated search results
present a much more comprehensive picture of a user's
information needs. Our goal was to use the search query data
to evaluate patterns of information seeking regarding firearms
and to evaluate broadly the changes in intent based on
differences in the content (retail, news, education, and so on)
and sources (commercia entities, honcommercial organizations,
government entities, and so on) of information sought.

From the complete Yahoo! search query database, weidentified
al firearm-related queries from November 31, 2012 to
December 28, 2012. Queries were text strings consisting of
single words or phrases that users typed into the search engine;
we identified these using keywords that would match partially
or completely with wordsin the queries. Firearm-related search
queries were identified by using keywords in the following
categories: Gun type (gun, firearm, handgun, rifle, pistol,
revolver, and shotgun), anmunition (ammunition, ammo, and
bullets), law related (Brady Act, second amendment of the US
congtitution), and shooting. In order to choose keywordsin each
category, we examined Web-based trends of firearm-related
search queries for December 2012 using Google Trends. We
did this by first examining simpler queries (eg, handgun), and
the 10 most correlated searches for these queries. This was
repeated recursively with each of the correlated queries until
we found no new or correlated searches. This gave us a set of
247 queries that were related to firearms. We wanted our
keywords to have the ability to identify these 247 queries as
well as any other searches that may be firearm related. Thus
our keywords consisted of single words which could identify
most firearm-related searches based on complete or partial
matcheswith user queries. Assuch, our analysisincluded users
actual search queries that included keywords in any of the 4
categories.

In addition, we also analyzed the uniform resource locators
(URLSs) that each individual user clicked from the search results
generated by their search queries. First, weidentified the domain
for each URL that the user clicked; for example, if the user
clicked the URL “http://en.wikipedia.org/wiki/Second
_Amendment,” the domain was identified as “wikipedia.org.”
Next, we categorized these URL s based on the top-level domain
(TLD) into commercial entities (.com), noncommercial
organizations (.org), government entities (.gov, .state.us, and
.mil), educational ingtitutions (.edu), and others (country
specific, .pro, .tv, and so on). Including TLDs in our analysis
allows us to infer the nature of the organization; for instance,
TLDs such as .gov, .mil, and .edu have legal restrictions which
prevent them from being used by organizations other than
government, military, and educational entities. Moreover, search
ranking algorithms are unlikely to place URLs from entities
with erroneously used TL Ds higher in the search results. These
factors allow the use of TLDs to categorize the nature of
organizationsfairly reliably. Next, each domain was categorized
as retail (websites for the purchase of guns, ammunition, and
gun accessories; including gun shows), news (websites of
newspapers, news channels etc), educational (websites,
regardless of TLD, that host information regarding gun safety,
gun laws, gun maintenance, and may include websites of gun
advocacy groups), showbiz (websites of movies, television
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shows, music videos, and so on) or “other” which included all
remaining uncategorized websites.

The TLD and the content describe different characteristics of
the same website and thus examining them together provides a
richer understanding of the information seeking patterns. As
such we created a variable that assigns a class to each website
in the dataset derived from its content category and TLD. Thus,
a website with retail content hosted by a commercial entity
would be classified as*“ retail content, .com.” Finally, we created
avariableto capture all of the websites owned or affiliated with
the National Rifle Association (NRA) as listed on the NRA's
website [38]. Such websites were classified as gun rights
advocacy groups. The NRA website also identifies other sites
that it categorizes as* antigun lobbying organizations’ [39]. We
categorized these websites as gun control advocacy groups.

To evaluate the association between the Sandy Hook incident
and the nature of information sought, we first examined the
distributions of various characteristics of the domains visited
by users following the search query (category of keyword,
top-level domain, category of the website’'s content, and
advocacy view of the websites visited). Next, we investigated
differences in website characteristics in the period before and
after the shooting incident using the website classes. We also
examined the percentage change in website visits for each of
the characteristics relative to the total websites in the before
period to those in the after period. Additionally, we examined
the percent change in website visits for each of the
characteristics in the after period to the website visit for the
same characteristics in the before period.

Finaly, it is possble that observed changes in
information-seeking behavior over time may be due to the
presence of secular or temporal trends and not as aresult of the
Sandy Hook shooting incident. For example, given that our
study period overlapped with the holiday shopping season, one
might expect an increase in Web-based shopping activity that
can include increases in firearm-rel ated searches, independent
of the Sandy Hook incident. To differentiate the shopping
activity related increase in search activity from that related to
the shooting incident, we included a control query that would
be agnostic to the trend due to the Sandy Hook incident but
sensitive to the temporal trends of the holiday season. Thus, a
query for “bicycle’ (and related synonyms) was used asacontrol
search term.

Limitations

Thefollowing limitations must be noted. First, given that Yahoo!
search accounted for about 12% of the US search engine market
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share in December 2012 [40], we recognize that caution must
be used before generalizing to the entire US population.
Additionally, the Web pages visited by the users may also be
associated with result-ranking algorithmswhich vary by search
engines. Since 2011, Yahoo! search is powered by Bing [41]
and whereas the exact algorithms are proprietary, evidence
suggests that Bing emphasizes keywords (search strings) in
ranking search results [42]. Second, our analysis was focused
on the query-level (ie, website visited after each search) and
not the user level which may include several queriesin agiven
search episode. Third, approximately 30% of all observations
consisted of alarge number of unique domains occurring with
alow freguency and thus could not be classified. Nevertheless,
these domains individually accounted for less than 1% of all
observations and thus their effect on the findings is likely
minimal. Finally, our work represents an exploratory study to
examine whether search data can be used for a new purpose.
Thus, the existing body of literature provided little guidance on
the methods or approachesto analyzing such data. We recognize
that future studies may identify additional techniques for
analyzing similarly complex data.

Results

A total of 5,653,588 firearm-related search queries were
identified by our keywords in a 28-day period before (14-day)
and after (14-day) the Sandy Hook shooting incident. By each
search query category (see Table 1), the majority (59.62%;
3,370,523/5,653,588) focused on a gun type (eg, queries with
the term pistol, shotgun, or rifle) with the rest focused on the
shooting incident (22.47%; 1,270,122/5,653,588), ammunition
(16.88%; 954,363/5,653,588), or law related searches (1.04%;
58,580/5,653,588). Based on TLD, users were most likely to
visit websites of commercial entities (.com: 88.03%;
4,976,990/5,653,588) followed by noncommercial organizations
(.orgs: 6.63%; 374,863/5,653,588) and government entities
(.gov, state.us, mil: 1.06%; 59,939/5,653,588). Users most
frequently clicked on links that brought them to retail websites
(30.33%; 1,714,504/5,653,588), followed by news websites
(23.38%; 1,321,706/5,653,588), educational websites (20.32%;
1,148,897/5,653,588), and showbiz websites (2.09%;
118,174/5,653,588). A total of 66,581 websitesthat usersvisited
could be classified as those of gun rights (68.86%;
45,848/66,581) or gun control (31.14%; 20,733/66,581)
advocacy groups. Finally, our control search query for bicycle
synonyms yielded 597,859 individual observations during the
same study period.
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Table 1. Characteristics of the search query data. Source: Authors’ analysis of Yahoo! search queries for December 2012.

Variables Proportion n (%)
Search keywords
Firearm-related (n=5,653,588)
Gun type 3,370,523 (59.62)
Shooting incidents 1,270,122 (22.47)
Ammunition 954,363 (16.88)
Law related 58,580 (1.04)
Counterfactual (n=597,859)
Bicycle 597,859 (100.00)
Top-level domain
Firearm-related (n=5,653,588)
Commercial entities 4,976,990 (88.03)
Noncommercia organizations 374,863 (6.63)
Government entities 59,939 (1.06)
Educational institutions 9419 (0.17)
Other 232,377 (4.11)
Category
Firearm-related (n=5,653,588)
Retail 1,714,504 (30.33)
News 1,321,706 (23.38)
Educational 1,148,897 (20.32)
Showbiz 118,174 (2.09)
Other or uncategorized 1,350,307 (23.88)
Stance on gun control
Firearm-related (n=66,581)
Gun control advocacy group 20,733 (31.14)
Gun rights advocacy group 45,848 (68.86)

Bivariate rel ationshi ps between user search queriesand the class
of websites visited based on content and TLD are presented in
Table 2. Inall categoriestherewasan increasein firearm-related
search queriesin the period after the shooting. Gun type searches
which were the most common firearm-related query showed
the least relative change after the shooting incident with a
50.06% increase in the proportion of user searches. In contrast,
the law category of search queries after the shooting incident
had a 535.47% increase in the proportion of searches although
it wastheleast searched. Although users searching for gun types
(+61.02%) or ammunition (+173.15%) were more likely to visit
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retail content on commercial entity websites after the shooting
incident, agreater proportion (+1054.37%) visited news content
on commercia entity websites for shooting incident searches.
Law-related searches, however, had a greater proportion of
visitsto websites with educational content from noncommercial
organizations (+702.70%), commercial entities (+484.20%),
and educationa ingtitutions (+593.97%). Importantly, when
examining changes to bicycle-related search terms (the
counterfactual) in the before and after period, we observed a
relatively modest decrease in overall searches (-8.64 %).
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Table 2. Changes in search patterns before and after the Sandy Hook school shooting incident (December 14, 2012). Source: Authors' analysis of
Yahoo! search queries for December 2012.

Search query n Before period?® After period® Deta% Cumulative %
Gun type
Retail content, .com 965,795 370,002 (38.31%) 595,793 (61.69%) 61.02% 28.70%
News content, .com 595,689 340,883 (57.22%) 254,806 (42.78%) -25.25% 46.40%
Educational content, .com 560,295 196,435 (35.06%) 363,860 (64.94%) 85.23% 63.05%
Educational content, .org 184,979 46,886 (25.35%) 138,093 (74.65%) 194.53% 68.54%
Other content, .com 774,034 293,009 (37.85%) 481,025 (62.15%) 64.17% 91.54%
Total 3,365,359 1,345,833 (39.99%) 2,019,526 (60.01%) 50.06% 100%
Shooting incidents
News content, .com 648,233 51,678 (7.97%) 596,555 (92.03%) 1054.37% 51.45%
Educational content, .com 94,150 26,941 (28.61%) 67,209 (71.39%) 149.47% 58.93%
Educational content, .org 54,830 7911 (14.43%) 46,919 (85.57%) 493.09% 62.28%
Showbiz related content, .com 44,135 15,732 (35.65%) 28, 403 (64.35%) 80.54% 66.78%
Other content, .com 319,892 98,564 (30.81%) 221,328 (69.19%) 124.55% 92.18%
Total 1,259,817 236,050 (18.74%) 1,023,767 (81.26%) 333.71% 100%
Ammunition
Retail related content, .com 609,246 163,272 (26.80%) 445,974 (73.20%) 173.15% 63.85%
Educational content, .com 95,687 31,256 (32.66%0) 64,431 (67.34%) 106.14% 73.88%
News content, .com 61,025 10,849 (17.78%) 50,176 (82.22%) 362.49% 80.28%
Other content, .com 100,711 36,104 (35.85%) 64,607 (64.15%) 78.95% 90.83%
Total 954,158 268,670 (28.16%) 685,488 (71.84%) 155.14% 100%
Laws
Educational content, .org 25,429 2817 (11.08%) 22,612 (88.92%) 702.70% 43.41%
Educational content, .com 12,473 1823 (14.62%) 10,650 (85.38%) 484.20% 64.70%
Educational content, .edu 3422 431 (12.59%) 2991 (87.41%) 593.97% 70.54%
News content, .com 2663 383 (14.38%) 2280 (85.62%) 495.30% 75.09%
Other content, .com 8978 1502 (16.73%) 7476 (83.27%) 397.74% 90.41%
Total 58,580 7965 (13.60%) 50,615 (86.40%) 535.47% 100%
Bicycle
Retail related content, .com 142,209 75,551 (53.13%) 66,658 (46.87%) -11.77% 24.08%
Educational content, .com 87,964 45,550 (51.78%) 42,414 (48.22%) -6.88% 38.98%
Other content, .com 266,220 137,068 (51.49%) 129,152 (48.51%) -5.78% 84.06%
Other content, .other 23,605 12,254 (51.91%) 11,351 (48.09%) -7.371% 88.06%
Other content, .org 19,957 10,233 (51.28%) 9724 (48.72%) -4.97% 91.44%
Total 590,530 308,603 (52.26%) 281,927 (47.74%) -8.64% 100%

8 ndicates + 14 days from the Sandy Hook event.

Table 3 presents the bivariate relationship between the time
period and the advocacy view (gun rights vs gun control) of the
websites visited by users following search queries for each
category of firearm-related searches. Search results increased
inall categoriesin the period after the shooting incident (range:
79.94%-418.39%). The majority of search queriesfor gun type
(67.92%; 40,069/58,998), shooting incident (84.55%;
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2490/2945), and ammunition (93.16%; 2316/2486) resulted in
users visiting websites of gun rights advocacy groups, whereas
those searching for laws were more likely to visit websites of
gun control advocacy groups (54.79%; 1179/2152). On the
whole, Web-based users had an increase of between 285.71%
and 660.58% of visiting gun control advocacy group websites
after the shooting incident.
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Table 3. Bivariate relationship between time period and the advocacy view of the websites visited by usersfor each category of firearm-related searches.

Source: Authors analysis of Yahoo! Search queries for December 2012.

Search query n (%) Before? After® Delta%
Gun type
Gun rights 40,069 (67.92) 28.29% 71.71% 153.53%
Gun control 18,929 (32.08) 14.97% 85.03% 467.93%
Total 58,998 24.01% 75.99% 216.42%
Shooting incidents
Gun rights 2490 (84.55) 39.04% 60.96% 56.17%
Gun control 455 (15.45) 17.58% 82.42% 368.75%
Total 2945 35.72% 64.28% 79.94%
Ammunition
Gun rights 2316 (93.16) 36.44% 63.56% 74.41%
Gun control 170 (6.84) 20.59% 79.41% 285.71%
Total 2486 35.36% 64.64% 82.82%
Laws
Gun rights 973 (45.21) 21.69% 78.31% 261.14%
Gun control 1179 (54.79) 11.62% 88.38% 660.58%
Total 2152 16.17% 83.83% 418.39%

8 ndicates +14 days from the Sandy Hook event.

Figure 1 presents the trend data graphed in the before and after
period for firearm-related and bicycle-related searches for 4
categories of TLDs. As can be seen, Web traffic as a result of
firearm-related search queries saw a sharp increase
corresponding to the Sandy Hook shooting incident for domains
of commercial entities, educational institutions, government
entities, and noncommercial organizations. Additionally,
depending on the TLD, arelatively smaller peak in Web traffic
is seen at days 6 and 11 before the shooting incident following
firearm-related searches, with the greatest increase seen for

http://publichealth.jmir.org/2017/1/e12/

.com domains. Conversely, bicycle-related searches during the
same period appear relatively unchanged. Figure 2 presentsthe
trend data graphed in the before and after period for
firearm-related search queries for advocacy view. Websites of
both gun control and gun rights advocacy groups saw a sharp
increase in traffic corresponding to the shooting incident
following firearm-rel ated searches. Thetraffic decreased s owly
for both over the after period with slight increase in traffic at
day 11.
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Figure 1. Websites visited following firearm-related and bicycle-related
Search queries for December 2012.
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search queries by top-level domain. Source: Authors' analysis of Yahoo!
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Discussion

Principal Findings

One of thekey findings of our analysiswasthat firearm-related
searches more than doubled immediately after the Sandy Hook
shooting incident in contrast to the control searchesfor “bicycle”
which showed asmall change with adecrease in the number of
searches in the after period. This finding suggests that
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Web-based user search queries capture the immediate change
in public interest following events of the nature of Sandy Hook
shooting and can thus potentially serve as real-time indicators
of the public psyche.

Overall, retail websiteswerethe most visited websitesfollowing
searches for gun types and ammunition. A salient finding was
that gun type and ammunition searches had a 2-fold to 3-fold
increase after the shooting incident. Furthermore, although it
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may seem natural to expect a greater interest in news articles
following a major societal event, retail website visits had the
highest and second highest increase after the shooting incident
for gun type and ammunition searches, respectively. Thisfinding
may possibly betheresult of aheightened interest in purchasing
firearms and/or ammunition for one's protection against the
apparent public safety concerns raised by the mass shooting
[43]. Additionadly, it is possible that some individuals may
anticipate an increase in regulatory control over access to
firearms as a ramification of the Sandy Hook incident and as
such prompt purchase of firearms before any such legidative
action is passed.

Furthermore, there was a 6-fold increase in law-related firearm
queries in the period immediately after the shooting.
Importantly, these were the least likely searched terms in the
before period and noted the greatest percent increase in the after
period. This increased interest may be due—in part —to the
purchase-related search or inquiry conducted by the potential
firearm and ammunition buyers discussed above, not to mention
therenewed interest in the gun-policy debate after Sandy Hook.
Interestingly, most users seeking law-related information were
interested in educational information and chose websites of
noncommercial organizations, commercial entities, or
educational ingtitutions. From the advocacy perspective, more
people visited websites of gun rights groups than did the gun
control groups. However, despite gun control websitesforming
a lower proportion of all websites supporting an advocacy
stance, they experienced the greatest percent increase from
before to the after period. Thistrend was seen in all categories
of firearm-related searches, with Web traffic to gun control
advocacy groups exhibiting between almost 4-fold and 6-fold
increase in the after period.

In addition to the trends discussed previously, a key feature of
user searches and the subsequent URL clicks was that in all
categories users were far less likely to choose content from a
government entity. For example, even though the majority of
the law-related searches are directed toward educational content,
users are more likely to choose noncommercia organizations
(including gun control or gun rights advocacy groups),
commercial entities, and educational institutions as their
preferred sources of information. The nature of advocacy groups
issuch that they exist to influence stakeholder decision to align
with their agenda and therefore, the resulting conflict of interest
may be an impediment to providing unbiased information. Thus,
it is also likely that users seeking information about gun laws
may obtain thisinformation from websites of advocacy groups.

Our analysis of user search query data presents several key
implications from a policy perspective. First, as stated above,
user search queries present avaluable real-time indicator of the
attitudes of the population as shown by the effect of the Sandy
Hook shooting incident. In fact, the spike seen 6 days before
the Sandy Hook event corresponds to 2 news stories: one on
December 7, when supermarket employeesfound ahandgunin
frozen meat [44] and another on December 9, when a7-year-old
boy was fatally shot in the parking lot of a gun store [45].
Similarly, the spike seen around day 12 corresponds with the
much publicized advocacy speech given by a prominent
American sportscaster on television [46]. These spikes highlight
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user search queries as atimely measure of the public’sreaction
to societal events. The time period immediately after a major
event is characterized by heightened awareness and
information-seeking behavior that may not be representative of
public action during normal states (eg, buying firearms at twice
the regular prices [43]). Indeed, Oh et a note that
“rumormongering” is common after major societal events
including shooting events [32]. On the one hand, this may
indicate that policymakers should consider the timing of their
actions noting that while a societal event can trigger interest in
atopic, it ironically may not the best timeto debate major tenets
of policy change. On the other hand, some observed behavior
may be due to fears arising from misinformation. For example,
the increased purchase-related queries in our findings
corroborate increased firearm sales due to fear of increased gun
control legislation [43].

Second, it is possible that people are accessing information
sources with either commercial or advocacy-related interest, at
the same time being far less likely to choose content from
government and educational institution websites. This may be
because websites of government and educational institutions
rank lower in the search results compared with those of
commercial and advocacy interest groups. Although search
engine optimization (SEO) may play arolein the higher ranking
of commercial and advocacy interest websites, it isalso possible
the information presented by government and educational
ingtitutions may be less accessible. This may be due to
suboptimal website design, jargon-filled language, poor SEO,
lack of up-to-date information, and so on. Policy efforts should
focus on providing reliable information as well as improved
dissemination of this information by government ingtitutions.
Government entities may collaborate with educational
institutions toward the creation of information portals focused
on dissemination of accurate, timely, and high-quality
information that is easy to understand. Furthermore, resources
allocated toward making the public aware of these portals as
well as on SEO may ensure that these websites rank higher in
search results and thus visited more often.

Finally, theincreased interest generated by the shooting incident
appears to start tending toward normal levels around day 10,
eventually returning to the levels before the shooting. This
indicates that the increased interest generated due to incidents
such as Sandy Hook presents a short window in which to form
the public’'s opinion. As discussed previoudly, this may not
present the best opportunity to engage in public debate due to
the increased anxiety and fear following these events. Whether
this fear was driven by the need to protect oneself or the
possihility of losing theright to purchase afirearm, itisunlikely
that political sentiment for policy change will be easy to
accomplish when fear is driving some stakeholder's
perspectives. Instead, policymakers should consider
preemptively addressing some of the anticipated fears by
implementing targeted campai gns that focus on specific groups
of individuals. A recent US study reported that 3 percent of the
US population owns nearly half of all firearms in the country
with an average of 17 firearms each [43,47-49]. The median
firearm ownership, however, remains at 1 to 2 firearms per
owner. These individuals are likely to indulge in firearm
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purchases [43] after events such as the Sandy Hook shooting.
Furthermore, given that personal protection against other people
remains the most prevalent reason for firearm ownership in the
US [47], mass shooting events may aso motivate those on the
fence to purchase firearms. As such, targeted campaigns that
focus on these groups of individualsin order to allay fears and
reduce reactionary purchase of firearms may help achieve some
policymaker’s goals of lower rates of firearm ownership.

Conclusions

Our findings enabled usto identify directionsfor future research;
web browsing choices and attitudes toward firearms may be
affected by numerous other factors. Assuch, it may bevaluable
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to examine the differences between attitudes toward firearms
based on state characteristics such as political affiliation,
socioeconomic status, and gun ownership. It may also be
interesting to look at ordered queries nested within each
deidentified user based on the order in which the user clicked
each URL to providericher dataon users search intent. Search
query data presents a valuable infodemiology metric of near
real-time analysis of peoples’ attitudes and responses to major
societal events. We believe future studies can employ the use
of other search query datasets possibly with active user
participation to examine the impact of society events over a
longer period of time.
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Abstract

Background: Inmany Western countries, after amotor vehicle collision, those involved seek health care for the assessment of
injuries and for insurance documentation purposes. In contrast, in many less wealthy countries, there may be limited access to
care and no insurance or compensation system.

Objective: The purpose of thisinfodemiology study wasto investigate the global pattern of evolving Internet usage in countries
with and without insurance and the corresponding compensation systems for whiplash injury.

Methods: We used the Internet search engine analytics via Google Trends to study the health information-seeking behavior
concerning whiplash injury at national population levelsin Europe.

Results: Wefound that the search for “whiplash” isstrikingly and consistently often associated with the search for “ compensation”
in countries or cultureswith atort system. Frequent or traumatic painful injuries; diseases or disorders such as arthritis, headache,
radius, and hip fracture; depressive disorders; and fibromyalgia were not associated similarly with searches on “compensation.”

Conclusions: In this study, we present evidence from the evolving viewpoint of naturalistic Internet search engine analytics
that the expectations for receiving compensation may influence Internet search behavior in relation to whiplash injury.

(JMIR Public Health Surveill 2017;3(1):€15) doi:10.2196/publichealth.7054

KEYWORDS

search engine; whiplash injuries; legislation & jurisprudence; medicolegal aspects; compensation and redress; compensation;
accidents, traffic; adult; female; humans; incidence; insurance claim reporting; male; neck pain; prognosis; search engine analytics,
whiplash syndrome; Google Trends

cases varies between 18% to 40% [6]. Whiplash injuries are
estimated to cost European society up to 10 billion euro per
year [7]. Recently, and after extensive evaluation of over 1600
publications about whiplash listed in Pubmed [8] since 1996,
the nosology of the chronic whiplash syndrome has been still
classified as “doubtful” [9].

Now, 2 decades after Schrader et a’s important work in The
Lancet showing that late whiplash syndrome after a motor

Introduction

In many Western countries, after amotor vehicle collision, those
involved seek health care for the assessment of injuries and for
insurance documentation purposes. In contrast, in many less
wealthy countries, there may be limited access to care and
insurance may only be available to the wealthy. Against this
background, the “whiplash syndrome” (ICD-10: S13.4) has

been one special focusof continuous and controversia scientific
research since the 1950s [1-5] (Figure 1) as the worldwide
incidence of such injuries varies enormously 16-2000 per
100,000 population and the late whiplash syndrome in these

http://publichealth.jmir.org/2017/1/e15/

vehicle callision is rare or uncommon in Lithuania [10], and
Cassidy et a’s conclusion in the New England Journal of
Medicine that “the elimination of compensation for pain and
suffering is associated with adecreased incidence and improved
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prognosis of whiplashinjury” [11], anew method of examining
different types of “contagiosity” of diseases has evolved using
the Internet search engine analytics [12-15].

According to Wikipedia, search analytics “is the use of search
datato investigate particular interactions among Web searchers,
the search engine, or the content during searching episodes. (...)

Table 1. Internet usage on November 30, 2015.

Noll-Hussong

Search analytics includes search volume trends and analysis,
reverse searching (entering websites to see their keywords),
keyword monitoring, search result and advertisement history,
advertisement spending statistics, website comparisons, affiliate
marketing statistics, and multivariate ad testing” [16]. The
Internet usage especially in some European countries is
presented in Table 1 [17].

Internet usage Internet users Penetration rate
(% population)
Worldwide 3,366,261,156 46.37
Europe 604,147,280 73.54
Switzerland (CH) 7,180,749 87.18
Germany (DE) 71,727,551 88.36
Finland (F1) 5,117,660 93.53
France (FR) 55,429,382 83.82
Greece (GR) 6,834,560 63.21
Lithuania (LT) 2,399,678 82.15
United Kingdom (UK) 59,333,154 91.61

The number of Europeans using the Internet to obtain health
information is significantly growingin all age groups, but there
is especially strong growth among young women [18,19].
Individual s presented with chronic pai n associated with whiplash
injury are more likely to be female [20]. Internet search queries
are exhaustively cataloged for marketing purposes by search
engine providers [21]. Thus, as a “side-effect,” an analysis of
Internet search queries can also “detect” public interests in
infectious (eg, influenza) [22] and noninfectious [23,24]
diseases. In addition to gathering epidemiol ogic data on disease
incidence and prevalence through traditional, |abor-intensive
processes involving large surveys, chart reviews, prospective
studies, or extraction from previoudly created databases, Internet
search trend analysis tools, since they provide self-reported
information by consumers, represent a complementary source
of information on a population level [25,26]. The subjectively
perceived “anonymity” in using the most popular organic
Internet search engine may be attractive to consumers because
some diseases are burdened with a social stigma [27] or are
controversial and linked to monetary [28] or secondary gain
[29]. Thus, Internet search data may reduce selection bias in
some aspects, even though it is equally challenging to confirm
the source. At the very least, using an Internet tool,
culture-related attributions can be mapped on aglobal population
level [30].

Thus, this source hasthe potential to reveal epidemiologic trends
and patterns in near real time and with minimal expense. The
current leading Internet search engine provider is owned by
Alphabet Inc (marketed as Al phabet), Google Inc, whichisalso
the brand name of the most visited website worldwide [31].
Thisinformationisfreely provided to the public through Google
Trends. Itisof note that globally there are at present more than
3.5 hillion Google searches per day and 1.2 trillion searches per
year worldwide [32].

http://publichealth.jmir.org/2017/1/e15/

In terms of the controversial whiplash syndrome, countries in
which thereisan established compensation system for whiplash
injury might be expected to have more Internet traffic and
volume regarding whiplash injury than in countries without an
established compensation system. In other words, “diverse
assessments and principles for approving a claim are reflected
in the fact that the prevalence of chronic spine pain after
whiplash injuries (late whiplash syndrome) varies between 16%
and 71% in different countries, and the proportion of whiplash
injuries involved in petitions for compensation differs greatly
across Europe” [33] as France and Finland [34] have the lowest
and Great Britain the highest incidence of minor cervical spine
trauma (eg, United Kingdom 75%, Germany 47%, Switzerland
33%, Finland 8.5%, and France 3% of all personal injuries),
whereasin Greece and Lithuaniawhiplash injury isreported to
be an almost nonexistent condition [6].

Regarding the latter, Obelieniene et a state, “Lithuania is a
country in which there is no or little awareness or experience
among the general population of the notion that a whiplash
injury may cause chronic pain and disability. Accident victims
with acute symptoms from rear end collisions generally view
thisasabenigninjury not requiring any medical attention” [35].
Thus, it has been “hypothesized that cultural [36] and
psychosocial [37-39] factors may be important in explaining
why accident victims in some other societies report chronic
symptoms. Such factors may include expectation of disability,
symptom amplification asaresult of thisexpectation, the effects
of inappropriate therapy, insurance [40], and attribution of
symptoms from nonaccident related causes (spontaneous
symptoms, occupational symptoms, symptoms before an
accident being amplified after an accident)”[35].

As apilot effort, this paper deals with Google-based Internet
search engine statistics on the search for “whiplash syndrome’
in European countries to offer insight into both the method of
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Internet-based popul ation epidemiol ogy in whiplash-associated
disorders, and the condition itself in the context of various pain
culturesand national social insurance or compensation systems
[41]. Specifically, the first purpose of this infodemiology or
infoveillance study wasto compare the | nternet search patterns
in Germany and the United Kingdom, countrieswith established
compensation systems for whiplash injury, to those used in
Greece and Lithuania, countries where a system for monetary
compensation for motor vehicle collision injury hasnot yet been
established. Second, in order to validate our data, we looked
for the European countries for which the lowest incidence of
minor cervical spinetraumahas been described, that is, Finland
and France [6]. Third, we compared the “googled” whiplash
data with Internet search patterns concerning frequent or
traumatic painful injuries; diseases and disorders like arthritis,
headache, radius, and hip fracture; depressive disorders [42];
and fibromyalgia. Finally, we wanted to test if there were hints

Noll-Hussong

that search engine usage may reflect national changes in the
medicolegal compensation rules as has been shown for
Saskatchewan, Canada, where the tort-compensation system
for traffic injuries, that includes payments for health and
suffering, was changed to a no-fault system in 1995, which did
not include such payments, resulting in a decreased incidence
and improved prognosis of whiplash injury [11]. As publicly
availablerecords of search engine analyticsin Google start with
2005, we chose asimilar event in Switzerland; thefederal court
abridged the possibilities for receiving a disability pension after
whiplash injury in August 2010 [43] (modified again in 2015:
DFR - BGer 9C_492/2014; 03.06.2015). In this context it is
interesting to know that Switzerland has the highest expenditure
per claim at an average cost of €35,000 compared with the
European average of €9,000, and there are large differences
between German-speaking and French- or Italian-spesking parts
of Switzerland [6].

Figure 1. Number of publications on "whiplash” or "whiplash associated disorders’ cited in Pubmed during the period from 1956 to 2010.
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Methods speakers) in Germany, Finland, France, Greece, Lithuania, and

Internet Search Engine Analyticsvia Google Trends
and the Whiplash Syndrome

In order to comparethe pattern of the Internet usage surrounding
whiplash injury and compensation in Germany, Finland, France,
Greece, Lithiania, and the United Kingdom, we first used
Google Trends to search for uncapitalized national lay
terminol ogies rel ated to whiplash syndrome, such asthe English
word “whiplash injury,” the Finnish equivalent “ piiskansiima”
or “piiskaniskuvammoilta vammoja,” the French equivalent
“coup de fouet (cervicale)” or “coup du lapin,” the German
equivalent “schleudertrauma,” the Greek “auxevikoy
Tpavpotiopon,” and the Lithuanian “Bicz Zalos’ or “kaklo
nyris’ or “kaklo slanksteliy trauma,” and, for a more lenient
“threshold,” “kaklo skausmas’ (neck pain). Then we searched
for the term “injury compensation” (and the respective
appropriate trandations and back-translations with native

http://publichealth.jmir.org/2017/1/e15/

the United Kingdom.

Then, to obtain an impression of whether or not overall Internet
usagein Europefor health information was different in Finland,
France, Greece, and Lithuania in general, we repeated this
language-adapted assessment of Google usage for arthritis (a
condition known to be associated with chronic pain) in all
mentioned countries, to determine how searches for this term
may have differed among Germany, France, Greece, Lithuania,
and the United Kingdom. In Northern Europe, the incidence of
rheumatoid arthritis, the clinically most relevant subtype of
arthritis, is estimated at 20-50 cases per 100,000 population and
the prevalence at 0.5-1.1%, lower incidences and prevalence
have been reported in Southern Europe[44]. Moreover, asmore
than 50% of community-dwelling adultsin Europeindicate that
they suffer from headachein general during thelast year or less,
with most headaches more prevalent in women [45], we
searched for “headache” (ICD-10: R51). Important traumatic
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events apart from whiplash injury are hip fracture (1CD-10:
S72) and radiusfracture (ICD-10: S52), which areamajor public
health problem in the elderly and the active younger adults,
respectively [46-50]. Having said this, the incidence rates of
hip fracture vary from northern to southern Europe, with the
highest levelsin Sweden and Norway and the lowest in France
and Switzerland. Thereported age-standardized annua incidence
rate of hip fracture, for example, in Switzerland is 346/10,000
and 137.8/100,000 in women and men, respectively [51]. The
incidence of distal radiusfractureisin patients>35 years of age
0.37% in females, 0.09% in males.

Finally, we searched for “depression” (ICD-10: F32 and F33)
and “fibromyalgia’ (ICD-10: M97) [52-54]. According to the
World Health Organization (WHO), “depression is a common
mental disorder. Globally, an estimated 350 million people of
all ages suffer from depression. Depression isthe leading cause
of disability worldwide and isamajor contributor to the overall
global burden of disease” [55]. The 12-month prevalence of
major depression is estimated as 6.9% among all Europeans
[52]. Fibromyalgiaisadisorder both characterized basically by
chronic widespread pain and mental symptoms like fatigue,
cognitive disturbances, and other symptoms, and likewise
controversialy or dogmatically or ideologically discussed as
(late) whiplash injury. Thus, fibromyalgia appears to be a
common condition in most European countries affecting up to
2% of the general population [56-60].

The Web browser we used was Mozilla Firefox 11ff [61]. The
search window in Google Trends was, where not otherwise
stated, restricted to the 6-year time period between January 1,
2005 and December 31, 2010: during 2011, Google updated
the categorization taxonomy and modified their geographical
assignment, which may lead to contorted results — therefore
we skipped the year 2011 for this analysis. Moreover, we did
not want to include ongoing Google searches in 2012, as this
would change the data, although we cannot guarantee that
Google will or has changed the Google Trends algorithms that
would affect analysis of the retrospective data shown here.
Finaly, all of the data presented here can be most easily
validated by individually using Google Trends repeating our
analysis. With regard to data consistency, all datawas obtained
in Germany starting in March 2012 with at least annual
verifications ending in August 2016, always with continuous
consistent results for the time period specified previoudly.

Technical Background of Internet Search Engine
Analyticsvia Google Trends

The current world-leading search engine provider, Google Inc,
provides, since August 2008, a publicly free available Internet
search analytics tool based on Google search queries currently
named Google Trends until September 27, 2012, known as
Google Insights for Search (GIS) [62]. Google, in each casein
its nationalized version, is, if uncensored, the most visited
website internationally, with by far the highest market sharein
the search engine market in Europe [63]. For more information
in the audience demographics for Google in each of mentioned
countries see, for example, Alexa Internet, Inc [64].

According to information on the Google Trends website, one
“can explore ‘trending stories' in real time by category and

http://publichealth.jmir.org/2017/1/e15/
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location” using the Google Trends homepage [65]. In the
appropriate frequently asked questions (FAQ) section, Google
elaborates:

Atrending story is a collection of Knowledge Graph
topics, Search interest, trending YouTube videos,
and/or Google News articles detected by our
algorithms. Trending Soriesrely on technology from
the Knowl edge Graph across Google Search, Google
News, and YouTubeto detect when topicsaretrending
on these three platforms. The Knowledge Graph
enables our technology to connect searches with
real-world things and places. The algorithm for
trending stories groups topics together that are
trending at the same time on Google News, Google
Search, and YouTube and ranks stories based on the
relative spike in volume and the absolute volume of
searches. (...) Google Trends analyzes a percentage
of Google web searches to figure out how many
searches were done over a certain period of time.
Trends only analyzes data for popular terms, so
search termswith low volume appear asO, eliminates
repeated searches from the same person over a short
period of time, and filters out queries with
apostrophes and other special characters. (...) Google
Trends adjusts search data to make comparisons
between terms easier. Otherwise, placeswith the most
search volume would always be ranked highest. To
do this, each data point is divided by the total
searches of the geography and time range it
represents, to compare relative popularity. The
resulting numbers are then scaled to a range of 0 to
100. Dataisrelative acrossregions, i.e., just because
two regions show the same number of searches for a
termdoesn't mean that their total search volumesare
the same.

The calculation of search numbers is performed using the
spelling, exactly as entered, and appropriate language [66] for
Google search queries over agiven period of time. The data do
not contain personal information. The Internet protocol (IP)
addresses of the protocols establish an educated guess on the
search origins. Google elaborates that the data are normalized
by dividing the datasets by a common variable to remove the
effect of that variable on the data. This normalization alows a
comparison of the underlying dataset characteristics. Thus, this
tool does not provide absolute numbers of searches but rather
arelative estimation based on search activity for thetime period
under study [67]. The analysis can compare 5 search terms
simultaneously. If Google displayed the absol ute rankings, data
from regions generating the most search volume would always
be ranked high (for details see [22,68]). Wikipedia states that
guery analysis in the context of geographical and temporal
parameters produces so-called “vectors,” which may partially
represent the life- and interest-space of the respective searchers
[69]. Separate searches in a common context are feasible in
many cases, which provide more differentiated vectors.
Informative relationships and common motivators can be
determined using paralel search  volumes and
cross-comparisons, which may be profitable as forecasts and

JMIR Public Health Surveill 2017 | vol. 3 |iss. 1 |e15 | p.82
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

may be retrospectively instructive for both research and
marketing.

“Top searches’ are search termswith the most significant levels
of interest. Google states: “These terms are related to the term
you've entered; if you didn’'t enter in a search term, the top
searches will be related to the category or country/territory
you've chosen. Google determines relativity by examining
searches that have been conducted by a large group of users
preceding the search term you've entered, aswell as after.”

Furthermore, as “Insights for Search examines the past values
for thetermsyou’ve entered, it can extrapolate the future val ues,
creating a forecast of search trends for those terms. This
prediction model doesn't take into account the context of the
search term or its category, nor doesit account for any business
cycles that may be driving a specific market (for details, see
[70])."

Finally, Google warns on their website that the analytical data
provided “ams to provide insights into broad search patterns.
Several approximations are used to compute these results. The
Insights for Search (or Google Trends) map is intended for
genera analysis of volume patterns. Borders are an
approximation and may not be accurate” Thus, Googlereleases

http://publichealth.jmir.org/2017/1/e15/
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its own data only in an aggregated way and often without
assigning absolute values, such as the number of visitorsto its

graphs.

Results

Main Results

A comparison of the normalized data for the countrywide
Google searchesrevea ed that Googletop searchesfor whiplash
injury in Germany and the United Kingdom showed sufficient
search volume and were frequently accompanied by searches
for “compensation.” In other words, the concatenation of
national search interest between these 2 topics such as“whiplash
injury  compensation” or its German counterpart
“schmerzensgeld schleudertrauma,” was apparently common
(see Multimedia Appendix 1). The top searches for whiplash
injury in the “health” and “law and government” category for
Germany and the United Kingdom can be found in Multimedia
Appendix 1, respectively. Searching for “whiplash” (without
“injury”) in the United Kingdom revealed the following top
searches (spelling not corrected), where 18 out of 47 or ~38%
of the top search results were at least semantically associated
with compensation (Table 2).
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Table 2. Google Trends-ranked “top searches’ for “whiplash” in the United Kingdom.

Noll-Hussong

Rank (#) Top searches

1 symptoms whiplash

2 whiplash injury

3 compensation

4 compensation whiplash
5 whiplash claim

6 whiplash injuries

7 accident whiplash

8 miss whiplash

9 whiplash claims

10 neck whiplash

11 compensation for whiplash
12 symptoms of whiplash
13 claimfor whiplash

14 iron man whiplash

15 car accident whiplash
16 whiplash injury compensation
17 whiplash treatment

18 what is whiplash

19 whiplash payout

20 whiplash injury claim
21 neck pain

22 whip lash

23 whiplash injury symptoms
24 whiplash lyrics

25 whiplash injury claims
26 whiplash neck injury

27 neck injury

28 claims for whiplash

29 whiplash trash

30 whiplash claiming whiplash
31 whiplash scooter

32 whiplash effects

33 average whiplash payout
34 whiplash marvel

35 accident claims

36 whiplash guidelines

37 whiplash symptoms

38 symptoms for whiplash
39 whiplash monkey

40 whiplash payouts

41 whiplash braid

42 Berkley whiplash
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Rank (#) Top searches
43 average whiplash claim
44 treatment for whiplash
45 whiplash syndrome
46 compensation calculator
47 whiplash compensation uk

The mentioned combination of Google users search interest for
“whiplash” with “compensation” was not detected in the
nationalized search queries in Finland (“not enough search
volume to show graphs’), France (“top searches: not enough
search volume to show results’), Greece (“nhot enough search
volume to show graphs’), or Lithuania (“not enough search
volume to show graphs”).

Searching for “compensation” under the Google category
“health” in the United Kingdom revealed that “whiplash” and
“whiplash compensation” where ranked third and fourth under
top searches, after “injury compensation” (rank 1) and
“compensation act” (rank 2). Searching in the United Kingdom
for “compensation” in “all categories’ revealed “whiplash” for
the first time at rank 14, and searching for “compensation” in
“law and government category” revealed “whiplash” at rank 8
(MultimediaAppendix 1). Searching for “injury compensation”
inthe Google category “health” in the United Kingdom revealed
“whiplash injury” at rank 1 of concatenated top searches
(Multimedia Appendix 1).

Looking for analog searchesin “all categories’ in Germany for
“schmerzensgeld”  (injury  compensation) shows that
“schleudertrauma’ (whiplash injury) is at rank 3 of “top
searches’ (Multimedia Appendix 1). The differing distribution
of “whiplash” in the different Google categories with respect
to Germany and the United Kingdom may be due to
categorization inconsistencies by Google.

However, no similar correlation could be detected for Lithuania
searching for “atlyginimas uz kano suzalojima,” “Zalos
atlyginimas,” or “Zalos kompensacija,” for “kipuraha+vamman
korvaukset” (injury compensation) in Finland or “amodnpiwon
TpaLpOTIOU®V” in Greece, as these searches revealed “not
enough search volume to show graphs” Searching for
“indemnisation+dommages et intéréts’ in France revealed the
following results: “indemnisation chomage, chomage,
indemnisation assedic, indemnisation accident, indemnisation
maladie, indemnisation assurance, accident travall
indemni sation, chomage partiel, indemnisation chomage partiel,
assedic indemnisation chomage, indemnisation pole employ,
indemnisation licenciement, accident du travail, (...)”

Comparison With Other Diseases

Checking for top searches in all categories for “arthritis’ in
Switzerland (German-speaking part of Switzerland) and
Germany, “niveltulehdus’ in Finland, “arthrite” in France,
“apBpitida” in Greece, “artritas’ in Lithuania, and “arthritis’
inthe United Kingdom revealed the results shown in Multimedia
Appendix 1. Searching for arthritis, the Internet users were
transnationally most interested in termslike arthritis symptoms

http://publichealth.jmir.org/2017/1/e15/

or arthritis treatment. As an aside, we did not find a
concatenation of top searches or rising searches of arthritiswith
compensation in any of the 3 countries.

Checking for top searches for “headache” in the United
Kingdom, “kopfschmerzen” in Switzerland and Germany,
“paansirky” inFinland, “mal detéte” in France, “ TovoK ¢ aA0”
in Greece (“not enough search volume to show graphs’), and
“galvos skausmas’ in Lithuania (“ not enough search volumeto
show results”) revealed the results presented in Multimedia
Appendix 1.

Checking for top searches in al categories for “huftfraktur”
(hip fracture) were donefor Switzerland (German-speaking part
of Switzerland) and Germany (both: “not enough search volume
to show graphs’), “fracturedelahanche” in France (“ not enough
search volumeto show results”), “lonkkamurtuman” in Finland
(“not enough search volume to show graphs’), “kKataypa
toxiov” in Greece (“not enough search volume to show
graphs”), “Slaunikaulio 1Gzis” in Lithuania (“ not enough search
volume to show graphs’), and “hip fracture” in the United
Kingdom (ranked geographic information system [GIS] top
searchesin the United Kingdom: “fracture of hip, hip fractures,
neck of femur, hip replacement, hip fracture database, hip pain,
hip fracture treatment, fractured hip, hip fracture guidelines,
hip fracture classification, and hip fracture management”).

We also checked the top searches in all categories for “radius
fracture” inthe United Kingdom, “radiusfraktur” in Switzerland
and Germany, “sdde murtuma’ in Finland (“not enough search
volume to show results’), “fracture du radius’ in France,
“aktiva Kataypa” in Greece (“not enough search volume to
show results”), and “ spindulys1azis’ in Lithuania (“ not enough
search volume to show results”); Multimedia Appendix 1.

We checked for top searchesin all categories for “depression”
in Switzerland, Germany, France, and the United Kingdom
(same spelling in mentioned countries), “masennus’ in Finland,
“KatabAalyn” in Greece, and “depresija’ in Lithuania (we did
not rule out the economic meaning of this term choosing the
“health” category because this category isn't, eg, available for
Lithuania) and the results are shown in Multimedia A ppendix
1. Searching for depression, the Internet users were
transnationally most interested in terms like “depression
symptoms’ or “depression tests’ (MultimediaAppendix 1). As
an aside, we did not find a concatenation of top searches or
rising searches with “compensation” in any of the 3 countries.

We checked for “fibromyalgia’ in the United Kingdom, Finland,
and France, “fibromyalgie” in Switzerland and Germany,
“IlvopuaAyia” in Greece (“not enough search volume to show
graphs’), and “fibromiagija’ in Lithuania (“ not enough search

JMIR Public Health Surveill 2017 | vol. 3 |iss. 1 |e15| p.85
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

volume to show graphs’). Remarkably, no concatenation of
“fibromyalgia’ and “compensation” (or their respective
translations) could be found (Multimedia Appendix 1).

Noll-Hussong

Searching for “ schleudertraumatcoup de fouet cervicale+coup
du lapin+colpo di frusta” (German, French, and Italian search
term) in the health category for Switzerland for the years
2007-2009 and 2010-2011, respectively, revealed a decline in
Google search queries for “whiplash” (Figure 2).

Figure 2. Google Insights Screenshot of cumulative regional interest for “schleudertrauma+coup de fouet cervicale+coup du lapin+colpo di frusta” in
Switzerland during the period from 2005 to 2010. Regional Interest (search volume) was highest in 1. Bern, 2. Zurich and 3. Vaud. Left Upper Inset:
The search interest for mentioned search terms declined ~ 40% comparing the years 2007-2009 (mean: 33) with 2010-2011 (mean: 20).
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Supplementary Notes

Searching for the number of advertisers for the respective
national queriesfor “whiplash” on Alexa—theleading provider
of global Web metrics—revealed that attorneys offering their
assistance in law suits on personal injuries are among the top 5
in search ads for “whiplash” searches on major search engines
in Germany and the United Kingdom, but not Lithuania[64].

Searching for “whiplash injury” on YouTube [71], which aso
belongs to Google, Inc, shows that there are about 43,700
unfiltered results (as on November 27, 2016), in which the top
videos are more or |ess advertisements for nonevidence-based
methods of “treatment” (in particular, showing the “benefits’
or “secrets’ of chiropractic care) and “whiplash injury
compensation.”

http://publichealth.jmir.org/2017/1/e15/
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Discussion

Principal Findings

This study shows that, in general, Lithuanians, Greeks, and
Finns use the Internet to search for health information on
conditions such as arthritis and depression in much the same
way as do those from Germany, the United Kingdom, and
Switzerland. However, there is a marked difference in the
patterns of searches for whiplash injury or similar termsin the
two former countries and Germany, the United Kingdom, and
Switzerland, countries known to have high compensation rates
for whiplash injury. Searchesin Germany, the United Kingdom,
and Switzerland for whiplash are high ranking when one
examines searches combined with terms like “ compensation.”

One main result is that the aforementioned combination of
Google searches reflecting combined consumer interests in
“whiplash injury” and “compensation” was not detected in
Lithuania and other European countries (Finland, France,
Greece) where cultural and psychosocia factors, including
expectations, and insurance systems, have been described as
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significantly different from countries in which the problem of
chronicwhiplashishighly prevalent [72]. Actualy, in Lithuania
thereisno formal compensation system for late whiplash injury
pain and suffering, and thisfact may, amongst others, influence
the coping styles of the respective persons concerned [73].
Moreover, our findingsreflect the low incidence of late whiplash
in Finland [6,34], where total socioeconomic costs are estimated
asabout 1.5 million euro per annum, France [6,74], and Greece
[75,76]. There has been a 70% rise in motor insurance injury
claims over the 6 years leading up to 2012 in the United
Kingdom, despite a 23% drop in the number of casualties
actually caused by road accidents—and whiplash accounted for
70% of the total. That amounted to roughly 554,000 whiplash
claimsfrom 2010-11, that is more than 1500 claims aday. The
whiplashinjury costsin the United Kingdom are approximately
4.6 billion euro per annum [77]. In Germany, whiplash injury
isnumber 1 of consequences after vehicle accidents with about
20,000 cases per year, and costs the insurance companies at
least 500 million euro per annum, “official” compensation for
pain and suffering due to whiplash is about 2000 euro (higher
regional court (OLG) Frankfurt VRS 90, 254).

These different signs synoptically suggest that abiopsychosocial
[78] understanding of chronic whiplash is important [79],
especialy in the “socia” aspect, and the Internet is a social
medium. Despite many years of research, the evidence regarding
unquestionablerisk factorsfor late whiplash is sparse but seems
to include personal, societal, medicolegal, and environmental
factors [80]. Against this background one should aso mention
an experimental study in 2001 in which participantswere placed
in a stationary vehicle with a curtain blocking their rear view,
and exposed to a simulated rear-end collision [81]. Twenty
percent of patients had symptoms at 3 days, despite the fact that
no collision actually occurred [38].

Until now, the Internet search statistics [82] and social media
[83] in medicine are mainly used for outbreak detection and/or
the monitoring of transmissible [22,68,84,85], whereupon
noninfectious diseases noticeably gain attention (eg, [86,87]).
Google Insights for Search (now: Google Trends), initialy
developed by Google's research and development center in
Isradl, isthe most important freely available application on the
World Wide Web. These systems are growing, and they provide
multifaceted information concerning old and emerging disorders
[88]. This intrinsic “predictive power” is associated with the
phenomenaof “swarmintelligence” [89] and typical, sometimes
enigmatic properties of “social networks’ [90]. However, the
impact and reliability of these systems on medical and public
health and individual physiciansisnot certain [91]. Information
overload [92] in times of “Health 2.0” [93], incorrect reports
(as has been shown, eg, for psychological trauma-related [94]),
or Web-based information on low back pain [95]), the lack of
signal specificity [96], information filtered by Internet search
engine providers (ie, economic [97], political or social search
engine bias) [98], media or marketing [99] interest, differing
search strategies (eg, [100]), misspellings, Internet availability
and local specialties [101,102], age-related differences in the
accuracy of Web query-based predictions[103], seasonal effects
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[104], problems with incidence peaks [82,105], the
unforeseeabl e or undisclosed evolution of search algorithms or
models [106], noise [107], and (last, not least) statistical issues
concerning the analysis of time series[108,109] are among the
manifold confounding factors that may interfere with the
development and reliability of the Internet search engine
analytics, even in the medical sector [91,110]. Moreover, and
from a more clinical point of view, Web-based information
gathering may foster greater patient engagement in health
maintenance and care [111]. Conversely, thereisarelationship
between searching for health information on the Web and health
anxiety, a phenomenon recently named ” cyberchondria,” which
may inversely influence the health of the respective Internet
searchers[112,113]. Against this background, we may haveto
develop feasible models and tools for consumers to assess and
filter health information on the Internet [114]. It is of note that
other societal factors appear to also play significant rolesin the
rate of development of late whiplash disorder as it has been
shown that, at least within Canada, regions with similar
compensation systems have large differencesin rates occurrence
[11].

Per spective

Futureinvestigationswill deepen our knowledgein the growing
field of search engine analytics as kind of infodemiology
[85,115] (or “i-epidemiology”) of the worldwide socia network
named Internet. Google Correlate [116], for example, enables
oneto find queries with asimilar pattern to atarget data series.
The target can either be a real-world trend that one provides
(eg, a dataset of event counts over time) or a query that one
enters. In this context, Google Correlate uses Web search
activity data to find queries with a similar pattern to a target
data series. The results can be viewed on the Google Correlate
website or downloaded as a comma-separated values (CSV)
file[117] for further analysis. In other words, Google Correlate
islike Google Trendsin reverse. With Google Trends, one types
in a query and receives a data series of activity. With Google
Correlate, one enters adata series (the target) and receivesalist
of queries with a data series that follows asimilar pattern.

Theseinvestigations should include the evolving impact of other
social media, such as “Google+,” “Facebook” (eg, [118]),
“YouTube’ [119], “Wikipedia’ [120], “ Twitter” [121-124], and
“IBM Watson” [125-127] on public health and reflect on the
dark sides of the aforementioned developments, for examplein
terms of the possible impact of search engine analytics (on the
companies behind them) on our privacy (eg, [128,129]). Second,
the evolving contagiosity of ambient awareness, that is
“awareness created through regular and constant reception,
and/or exchange of information fragmentsthrough social media’
(see [130]) has been neglected in public health thus far and
could be anew form of “vira environment” for the upcoming
generation. Finally, successful communication among health
care providers and their patients from various sociocultural
backgrounds depends on devel oping awareness of the normative
cultural values of patients, how concepts of health and disease
develop [131], and how these differ.
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Abstract

Background: Socia media public health campaigns have the advantage of tailored messaging at low cost and large reach, but
little is known about what would determine their feasibility as tools for inducing attitude and behavior change.

Objective: The aim of this study was to test the feasibility of designing, implementing, and evaluating a social media—enabled
intervention for skin cancer prevention.

Methods: A quasi-experimental feasibility study used social media (Twitter) to disseminate different message “frames’ related
to care in the sun and cancer prevention. Phase 1 utilized the Northern Ireland cancer charity’s Twitter platform (May 1 to July
14, 2015). Following a 2-week “washout” period, Phase 2 commenced (August 1 to September 30, 2015) using a bespoke Twitter
platform. Phase 2 a so included a Thunderclap, whereby usersallowed their social mediaaccountsto automatically post abespoke
message on their behalf. M essage frames were categorized into 5 broad categories. humor, shock or disgust, informative, personal
stories, and opportunistic. Seed userswith anotable following were contacted to be “influencers’ in retweeting campai gn content.
A pre- and postintervention Web-based survey recorded skin cancer prevention knowledge and attitudes in Northern Ireland
(population 1.8 million).

Results: There were a total of 417,678 tweet impressions, 11,213 engagements, and 1211 retweets related to our campaign.
Shocking messages generated the greatest impressions (shock, n=2369; informative, n=2258; humorous, n=1458; story, n=1680),
whereas humorous messages generated greater engagement (humorous, n=148; shock, n=147; story, n=117; informative, n=100)
and greater engagement rates compared with story tweets. Informative messages, resulted in the greatest number of shares
(informative, n=17; humorous, n=10; shock, n=9; story, n=7). The study findings included improved knowledge of skin cancer
severity in a pre- and postintervention Web-based survey, with greater awareness that skin cancer is the most common form of
cancer (preintervention: 28.4% [95/335] vs postintervention: 39.3% [168/428] answered “True”) and that melanoma is most
serious (49.1% [165/336] vs 55.5% [238/429]). The results also show improved attitudes toward ultraviolet (UV) exposure and
skin cancer with areduction in agreement that respondents “like to tan” (60.5% [202/334] vs 55.6% [238/428]).
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Conclusions: Social media—disseminated public health messages reached more than 23% of the Northern Ireland population.
A Web-based survey suggested that the campaign might have contributed to improved knowledge and attitudes toward skin
cancer among the target population. Findings suggested that shocking and humorous messages generated greatest impressions
and engagement, but information-based messages were likely to be shared most. The extent of behavioral change as aresult of
the campaign remainsto be explored, however, the change of attitudes and knowledgeis promising. Social mediaisan inexpensive,
effective method for delivering public health messages. However, existing and traditional process evaluation methods may not

be suitable for social media.

(JMIR Public Health Surveill 2017;3(1):e14) doi:10.2196/publichealth.6313
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Introduction

Background

Social media is defined as “a group of Internet-based
applications that build on the ideological and technological
foundations of the Web 2.0, and that alow the creation and
exchange of user-generated content” [1]. The considerablerise
in the use of social media provides not only an opportunity to
reach a large audience [2], but also access to a wealth of user
data and the ability to monitor the activities of the audience
whom the messages have reached, which will greatly aid our
understanding of the underlying mechanisms. Social media
statistics from 2015 indicate that 65% of adults are now using
socia networking sites[3], with more than 310 million monthly
active users on Twitter [4] and 1.09 billion daily active users
on Facebook [5]. Although largely used by a younger
demographic, recent reports point to increased use of Facebook
in those 65 years and older [6].

Social media has become ubiquitous, with more people
accessing Web-based content by following links on social media
than through direct searches [7]. Thus, as a platform used by
the public and by health care professionals [8], it presents an
ideal opportunity for health promotion. Social mediaalso brings
substantial changeto the way organizationsand individuals can
communicate[9-10]. For example, through engaging with social
media, the charity Cancer Research UK benefited from aviral
social media campaign, the #nomakeupselfie [11]. The charity
utilized multiple social media platforms to promote its work,
answer questions, and engage in conversations with the public.

We live in a world where, due to the popularity of the
smartphone, we have almost instantaneous access to a wealth
of specidist information a our fingertips. There is an
expectation that health information diffusion will follow suit
and health care organizations are turning to social media. For
example, Public Health England has responded to the changing
landscape of social media and heath communication by
engaging with digital technologies and switching to an “aways
on” approach rather than traditional annual campaigns[7].

George et a [12] postulated that social media had direct public
health relevance because social networks could have an
important influence on hedlth behaviors and outcomes. However,
public health agencies have not yet harnessed the full potential
of social media[13-14]. Chou et a [14] particularly noted the
need for public health interventionsto “ harness the participatory
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nature of social media” Heldman et a [15] proposed that public
health organizations and practitioners too often used socia
mediafor thetraditional 1-way broadcast of information, rather
than utilizing the opportunity to engage audiences in 2-way
communications, or asthey call it, being “truly socia.”

There is awealth of opportunity to use social mediafor health
promotion, through targeted messages, the ability to interact
with the public, target hard-to-reach groups, and create dynamic
campaigns[12,13,16-18]. Pagoto et al [19] alluded to the ability
to be “in the participant's pocket” through socia media
providing advice and support. Opportunities for discussion
(socia connection) are considered to be 14 times more effective
with social media compared with the written word [20], with
reports that information shared via social media resulted in
greater knowledge scores than when shared viapamphlets[21].
With thisliesthe potential of social mediato overcome barriers
with regard to access to information [22] and literacy. Socia
media has, in essence, flattened the world with regard to health
information, providing potential for building bridges between
disconnected groups.

Despite a recent review alluding to a positive effect of social
network interventions on health behavior-related outcomes [ 23],
studies of social media as a channel for health promotion are
limited [18]. Although social mediais being increasingly used
by public health departments, from a research perspective, it is
not yet clear how best to capitalize on social mediafor raising
awareness and, ultimately, triggering behavioral change.
Research islacking with regard to devel oping and implementing
such campaigns. Nor do we know what a successful campaign
entails, bethat (as some have suggested) the number of followers
of the campaign social mediaplatforms, the number of retweets
or shares of a given message, or simply the number of people
who see a given message. It has been proposed that through
surveillance of Twitter, such data can be used as a proxy
measure of the success or effectiveness of a given health
message or public health campaign [24]. However, we still find
ourselves asking, “What makes a social media campaign
successful?” Do shares or “likes” imply behavior change? In
the marketing sector, it may be clearer with regard to increased
sales or website clicks, but in the realm of public health, such
guestions remain unanswered.

As such, there have been calls for more research to focus on
social media and communication technologies [25]. Given the
number of unanswered questions around the feasibility of using
social mediafor health promotion and public health, this study
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aimsto address some of these through reporting the findings of
amass communication Twitter campaign for the prevention of
skin cancer.

Aim
The aim of this study was to test the feasibility of designing,
implementing, and eval uating a bespoke social media-enabled

intervention for the dissemination of public health messagesto
prevent skin cancer.

Resear ch Objectives

This mixed-methods study investigated the feasibility of
implementing a social media—enabled public health campaign
focusing on skin cancer to increase knowledge and attitudes
toward care in the sun. The research had the following
objectives:

- To investigate the feasibility of a bespoke social
media-enabled campaign on skin cancer attitudes and
knowledge

- To investigate the impact of employing different message
frames on social media

- Toinvestigate whether there are benefits to using promoted
messages, influencers, and a Thunderclap for the diffusion
of messages on social media

- To determine the appropriate process eval uation measures
and access to data for a social media campaign (user
demographic details including gender)

- Toinvestigate whether thereisan appropriate control group
for asocial media campaign

Methods

Why a Skin Cancer Campaign?

Skin cancer is the most common form of cancer diagnosed in
Northern Ireland, with more than 4000 cases diagnosed annually
[26-27]. In Austraia, campaigns such as“ Slip, Slap, Slop” have
been run for more than two decades. Such campaigns have
increased skin cancer awareness and sun-safe behaviors [28].
Nationally, Cancer Research UK have developed the
“SunSmart” campaign [29], which focused on raising awareness
on skin cancer through skin protection, avoiding sunburn and
use of sunscreens. Regionadly, the leading cancer charity in
partnership with the Public Health Agency has coordinated the
“Careinthe Sun” campaign (which is similar in many respects
to SunSmart). This study was conducted to assess baseline and
post campaign levels of sun-safe knowledge, attitudes, and
behavior.

To establish the baseline parameters for the campaign, we
utilized a household survey based on the questions used in the
SunSmart omnibus survey. A postcode stratified sample of 750
was selected based on a representative distribution across
Northern Ireland. The results from the household survey
demonstrated that although the majority of respondents were
aware that sun exposure could cause skin cancer (80.7%,
605/750), and aware that skin cancer could lead to death (88.9%,
667/750), few were aware that skin cancer was the most
common cancer and that melanoma was the most serious type
(41.1%, 308/750, answered “Don’t Know”). Almost 50% of
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participants considered a suntan to look healthy (49.2%,
369/750) and fewer than 10% reported frequent skin checks
(6.4%, 48/750). This knowledge of the known gapsin sun-safe
attitudes pertaining to skin cancer evidence was the motivation
for the regional Public Health Agency identifying skin cancer
asapriority areafor its social media campaign.

Why Twitter?

Twitter was selected as the social media platform for diffusing
our campaign messages, as Twitter information is posted
voluntarily and is in the public domain. Unlike other social
media platforms, Twitter provides several application
programming interfaces (APIs) that allow real-time access to
vast amounts of content, thereby aiding our understanding of
social media processes. Adoreboard, a University spin-out
company, enabled access to Twitter streaming data, which are
preprocessed to minimize“noise,” and allow maximal recovery
of textual information and user metadata. Thus, the captured
dataare cleaned by removing unwanted messages and irrelevant
tweets, which constitute noise in the message corpus. We aimed
to remove tweets that did not contain the relevant hashtags of
the campaign. The datacleaning processwasinitially smplified
by the use of unique hashtags, and included the removal of blank
tweets and spam tweets posted for promotion of a product or
service or those automatically broadcast by robots.
Preprocessing of the data still remains paramount. Thus, the
setting of the message filters on the Twitter stream ensures that
only the required messages are captured and analyzed.
Design

A quasi-experimental feasibility study—specifically an
interrupted time series with comparison design—was
implemented to assess the efficacy of the socia media
intervention. A “cross-over” design was utilized, whereby the
regional cancer charity’s Twitter account hosted the campaign
between May 1 and July 14, 2015 (Phase 1), followed by agap
of 2weeks (“washout”), and then aphase of campaign messages
posted from a new social media account between August 1 and
September 30, 2015 (Phase 2). The 2 intervention phases were
differentiated on the basis of the host platform to establish
whether starting a new social media account would impact on
message diffusion in comparison to using an already established
social media account of alocal cancer advocacy charity. Phase
1 waslonger in duration (by 2 weeks) to account for any reduced
social media interactions due to a national holiday period in
early July. The protocol was developed in accordance with the
CONSORT-EHEALTH checklist [30].

Control Group

Social media analytics were tracked in 2 geographical areas,
through geo-location information contained within a subset of
tweets: 1 area exposed to the campaign (Northern Ireland), and
another area that did not receive the specific elements of the
campaign; this was used as a control area for comparison
(Wales). The volume of twesets related to a list of predefined
keyword search terms (Multimedia Appendix 1) was compared
pre-and postcampaign in order to track the messages in each
location.
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I ntervention Development and I mplementation

A detailed description of the intervention design can be found
in Multimedia Appendix 2. During Phase 1 of the campaign
(May 1to July 14, 2015), we utilized the existing regional cancer
charity Twitter account. Each week, the different message
frames (informative, story, shock, humor, and a find
opportunistic or responsive category) were utilized (Figure 1).
Messages were focused on both skin surveillance and general
care in the sun and skin cancer prevention. Seed user and
opportunistic messages were utilized where appropriate.

Phase 2 of the campaign utilized a bespoke Twitter account to
disseminate messages. Similar content was used for the second
phase asin the first, which included both skin surveillance and
general care in the sun or cancer prevention. Phase 2 aso

Figure 1. Intervention timeline.
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included a Thunderclap, aWeb-based “flash-mob” of messages
involving users to permit their social media accounts to
automatically post acommon message, related to the campaign,
on their behalf. The Thunderclap took place on midday of
September 1, 2015.

In both phases of the campaign, paid-for promoted posts on
Twitter, to the value of £10, were used to enhance Web-based
content by increasing the number of people who saw the
messages. Promoted tweets work on a “cost per click” basis,
whereby an allocated budget is set by the user (eg, £10) and
that tweet is promoted to the specified audience until the budget
runs out. Audiences for the promoted posts were specifically
targeted to those living in Northern Ireland and aged 18 years
or older.

PHASE 1
MAY 157 — JULY 14™

WEEK 1: INFORMATIVE

WEEK 2: 5STORY

WEEK 3: SHOCK

WEEK 4: HUMOUR

- REPEAT FROM WEEK 1-

Figure 1: Intervention timeline

WASH
ouT

PERIOD

PHASE 2
AUGUST 1°T— SEPTEMBER 30™

WEEK 1: INFORMATIVE
WEEK 2: 5TORY
WEEK 3: SHOCK

WEEK 4: HUMOUR

THUNDERCLAP SEPT 1°7

- REPEAT FROM WEEK 1-

M easures

Twitter analytics for key search terms (Multimedia Appendix
1) related to skin cancer and carein the sun were collected both
before and after the campaign (April 2015 and October 2015)
to serve as a comparison with the control group to establish
whether the campaign resulted in greater use of such search
terms, in Northern Ireland, following the campaign. Throughout
the campaign, social mediaanalyticswere collected from Twitter
dashboards. Accessto Twitter streaming datawas also enabled
by Adoreboard, a University spin-out company. The most
commonly cited and readily available social media metrics
collected are defined and described later [17,24,31]. Such
metrics may tell us the extent to which a message spreads by
detailing the number of users who seeit, who respond to it, or
who subsequently share that message with their friends or
followers.

Impressions: The number of views of a particular post from
users who saw it appearing on their timeline or through search
results.

http://publichealth.jmir.org/2017/1/e14/
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Engagements: The number of clicks on the message, the picture
posted, or the number of people who actively engaged with a
post including likes, comments, shares, and retweets.

Engagement rate: The ratio of engagements to impressions.

Likes: Posts can be endorsed by the friends or followers of users
that post messages by “liking” them (alternatively known as
“favorites’ on Twitter).

Shares: Similarly readers of a post or status update who found
the message interesting could also rebroadcast them by simply
sharing (or retweeting) them.

Data related to socia media user demographics are limited.
Twitter provides limited public information about the profile
of its users within the description field. Typically this does not
include gender, but we subsequently aimed to infer the gender
of the participants in the study based on their given names on
Twitter.

Pre- and Postintervention Web-Based Survey

The Checklist for Reporting Results of Internet E-Surveys
(CHERRIES) checklist for the reporting of Web-based surveys
[32] wastaken into account in thisstudy (Multimedia Appendix
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3). An advertisement (Multimedia Appendix 4) was placed on
social mediain April 2015, and again in October 2015, inviting
adults aged >18 years in Northern Ireland to participate in a
survey for the chance to win an iPad Mini. Those who clicked
on the advertisement were redirected to a Qualtrics survey
website modeled on the Cancer Research UK SunSmart survey
[29]. Thesurvey took approximately 15-20 minutesto complete.
Paid-for “promoted” tweetswere used to reach awider audience.
In line with recommendations from the regional cancer charity,
adverts were promoted to the value of £15 on Facebook and
£10 on Twitter. The sample was stratified by age and region.
As an example of reach of promoted posts on Facebook, a £15
limit has the potential to reach 770-2000 people living in
Northern Ireland aged 18-65+ years. The surveys consisted of
37 multiple-choice questions subdivided into 3 broad
subsections:  sociodemographic information; skin cancer
prevention; and psycho-social mediators of behavioral change.
Differences between the preintervention period and
postintervention period served as an assessment of the impact
of the intervention. The primary outcomes were change in sun
protection attitudes and knowledge regarding skin cancer.
Completed surveys, as indicated by completion of the final
question, were included for analyses. |P addresses were not
checked for duplicate users.

Data Analysis

Focus group and workshop discussions were audio-recorded
and transcribed verbatim and anonymized. Transcripts were
read repeatedly, initial codes identified, and themes collated
and analyzed usingan “apriori” thematic “ Framework” method
to produce themes related to perspectives of professionals and
users[33].

Data were compared for the pre- and postintervention survey,
including social media usage, demographics, and knowledge
and attitudes toward UV exposure and skin cancer prevention.
Descriptive statistics (frequencies) of responses to questions
were tabulated, and cross-tabulations used to report responses
to questions by gender, age, and other sociodemographic
characteristics. Tests of significance were omitted due to the
nature of the study and the appropriateness of applying such
teststo feasibility studies [34].

Social media analytics were gathered for each post, for each
message frame and the overall campaign, and frequencies
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utilized to compare impressions, engagement, and shares for
message frames.

Measuring Twitter Analytics

Twitter data, collected via a service provider (Adoreboard),
allowed greater access to the Twitter Firehose compared with
the public APIs. The retrieved tweets and metadata were used
to tabulate information such asthe impressions and engagements
of each tweet and to establish the frequencies of hashtag use
and message spread (retweets). Metadata fields were aso
searched for relevant search terms (Multimedia Appendix 1)
for the pre- and postcampaign frequency comparison.

Results

Can aBespoke Social M edia Campaign on Skin Cancer
Impact on Attitudes and Knowledge?

Demographic Characteristics

A total of 337 participants completed the precampaign
Web-based survey, compared with 429 who completed the
postintervention Web-based survey (Table 1). The age
distribution of participants both pre- and postcampaign was
similar, with 41% of each aged 18-29 years, and respondents
were more likely to be females (84.6% [281/337]
preintervention; 80.4% [345/429] postintervention). Marital
status and educational attainment distributionswere also similar
pre- and postcampaign, with more than half respondents
reporting a University degree or higher (preintervention 54.6%
[184/339] vs postintervention 51.5% [221/429]). More of the
preintervention households reported an annual income greater
than £20,001 (preintervention 52.8% [158/300] vs
postintervention 40.4% [152/376]). A substantial proportion of
respondents lived in Belfast (preintervention 41.9% vs
postintervention 35.4%). About 15.5% of the general population
of Northern Ireland lives in Belfast according to the Northern
Ireland census[35].

As reported by the 2011 Northern Ireland Census [35], the
population of Northern Ireland has 51% femal es and 49% males,
thus, a greater number of females responded to both the pre-
and postcampaign [36]. Campaign respondents were more
educated than the Northern Ireland population (29% aged 16+
years had no qualifications) and were of a similar age (2011
Northern Ireland Census median age, 37 years).
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Table 1. Respondent demographic characteristicsin the pre- and postintervention Web-based surveys.

Gough et al

Demographic characteristics

Precampaign (n=337)

Postcampaign (n=429)

Age (year)
Gender, n (%)
Male
Female
Marital status, n (%)
Single
Married or cohabiting

Divorced or widowed
Highest level of education, n (%)
None
GCSE or equivalent
“A” level or equivalent
Degree or higher
Housing tenure, n (%)
Rent or other
Mortgage or co-ownership
Owned outright
Annual income, n (%)
<£12,000
£12,001 to £20,000
>£20,001

35.6

51 (15.4)
281 (84.6)
n=33
150 (44.5)
161 (47.8)
26 (7.7)
n=339
13(3.9)
37(11.0)
103 (30.6)
184 (54.6)
n=336
134 (39.9)
150 (44.6)
52 (15.5)
n=300

77 (25.8)
64 (21.4)
158 (52.8)

35.2

84 (19.6)
345 (80.4)
n=429
182 (42.4)
224 (52.2)
23(5.4)
n=429

11 (2.6)
41 (9.6)
156 (36.4)
221 (51.5)
n=429
162 (37.8)
189 (44.1)
78(18.2)
n=376
105 (27.9)
119 (31.6)
152 (40.4)

Attitudes to UV Exposure and Skin Cancer Prevention

Postcampaign, there was a trend toward improved attitudes
toward UV exposure and skin cancer with a reduction in
agreement that respondents“liketo tan” (pre- 60.5% [202/334]
Vs postcampaign 55.6%[238/428]), that “ atanned person looks
more healthy” (55.9% [186/333] vs 52.7% [225/427]) or
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attractive (48.6% [162/333] vs 43.7% [186/426]). The
postcampaign also noted a trend toward improved attitude to
UV exposure, with greater agreement that protection from the
sun can help avoid skin cancer (62.6% [209/334] vs 65.0%
[278/428]). Trends in change of care in the sun attitudes are

shown in Table 2.
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Table 2. Trendsin change of care in the sun attitude and knowledge.
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Trends Precampaign Postcampaign
Carein the sun attitude
| liketotan, n (%) n=334 n=428
Agree 186 (60.5) 238 (55.6)
Neutral 66(19.8) 98 (22.9)
Disagree 66 (19.8) 92 (21.5)
A suntanned person looks more healthy, n (%) n=333 n=427
Agree 186 (55.9) 225 (52.7)
Neutral 74 (22.2) 102 (23.9)
Disagree 73(21.9) 100 (23.4)
If | protect myself from the sun | can avoid skin cancer, n (%) n=334 n=428
Agree 209 (62.6) 278 (65.0)
Neutral 41 (12.3) 68 (15.9)
Disagree 84 (25.1) 82(19.2)
Care in the sun knowledge
Sun exposur e causes most skin cancers, n (%) n=336 n=428
True 269 (80.1) 346 (80.8)
Don't Know 46 (13.7) 49 (11.4)
False 21(6.3) 33(7.7)
Skin cancer isthe most common form of cancer, n (%) n=335 n=428
True 95 (28.4) 168 (39.3)
Don't Know 133(39.7) 166 (38.8)
False 107 (31.9) 94 (22.0)
Melanoma istheleast seriousform of skin cancer, n (%) n=336 n=429
True 35(10.4) 36 (8.4)
Don't Know 136 (40.5) 155 (36.1)
False 165 (49.4) 238 (55.5)

Knowledge of Skin Cancer Prevention

Postintervention there was atrend toward improved knowledge
of skin cancer prevention (Table 2), with greater awvarenessthat
skin cancer isthe most common form of cancer (28.4% [95/335]
vs 39.3% [168/428] answered “True’) and that melanoma is
most serious (49.1% [165/336] vs 55.5% [238/429]). Therewas
also a trend toward improved awareness that sun’s rays are
strongest at midday (91.3% [306/335] vs 93.5% [400/428]) and
that people with fair-colored skin require the most protection
(73.8% [248/336] vs 77.6% [332/428]).

Campaign Reach

Influence of Message Frames on Social Media

Of the 4 specific message frames utilized (informative; personal
story; shock or disgust; humorous), a shock or disgust tweet
(#eek) achieved the most impressions (n=2369), followed by
an informative message (#info, n=2258; Table 3). The most
engaging tweet was that with humor (#geg, n=148), followed
by 1 characterized by shock or disgust (#eek; n=147). The most
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retweeted message was that of an informative nature (#info),
shared by 17 followers. The most retweeted #story message
was shared 7 times, compared with 9 for #eek and 10 for #geg
messages. When comparing the median valuesfor each message
frame, shocking messages achieved greater impressions (median
565), engagements (15.5), and retweets (2.5), whereas humor
messages achieved a greater median engagement rate (2.5%).

Are There Benefitsto Using Promoted messages,
Influencers, and a Thunderclap for the Diffusion of
M essages on Social Media?

Influencers

Tweets that included an influencer in the message generated
greater numbers of impressions. Influencer posts also created
the most impressions when on a #eek post (n=11,349) and a
#story post (n=9612). Tweets that were paid-for—promoted
posts—did not notably increase impressions, engagements, or
retweets. Table 3 shows the top Twitter analytics for each
message frame.
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Opportunistic Messages

Considering messages that were of an opportunistic nature, the
greatest number of impressions for a single message was 2993,
whereasthe greatest number of engagements on an opportunistic
tweet was 103. The greatest number of retweets for an
opportunistic message was 8.

Thunderclap

The campaign Thunderclap had a minimum goa of 100
supporters (in order for the Thunderclap to activate), and
achieved atotal of 122 supporters and social reach of 454,207
(sumtotal of the friends and foll owers of campaign supporters).
Top tweets mentioning or encouraging support for the
Thunderclap achieved 2527 impressions, 2 engagements, and
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7 retweets. Thunderclap-related tweets, which included an
influencer in thetweet, achieved greater numbers of impressions
(n=11,740) than Thunderclap tweets that did not (n=2527).

What Are Appropriate Process Evaluation M easur es?

Twitter Analytics

During the campaign period, there was atotal of 417,678 tweet
impressions based on the campaign (Table 3). Post engagements
reached 11,213, and therewasatotd of 1211 retweets. Of these,
92 retweets were part of the Thunderclap. A single tweet
achieved 11,349 impressions. The same tweet was the most
engaging, resulting in 811 engagements. The most retweets on
any 1 post was 17.
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Table 3. Twitter analytic attributes for message frames.

Message frames Impressions Engagement Engagement ratein % Retweet
(median) (median) (median) (median)
All tweets
All tweets 6367 196 14.8 17
+ Influencer 11349 811 120 13
+ Promoted 4808 304 115 12

Info (informative)

Info 2258 100 8.3 17
(443.0) (8.0) @ @
+ Influencer 3161 106 8.1 7
+ Promoted 2335 98 42 13
Story (personal story)
Story 1680 117 36 7
(390.5) (6.5) 1.3 1)
+ Influencer 9612 52 3.0 5
+ Promoted 1210 19 7.0 3
Eek (shock or disgust)
Eek 2369 147 10.1 9
(565.0) (15.5) (2.2) (2.5)
+ Influencer 11349 811 7.1 11
+ Promoted 2655 301 115 5
Geg (humorous)
Geg 1458 148 14.8 10
(487.0) (12.0 (2.5) @)
+ Influencer 1459 21 5.7 2
+ Promoted 4808 67 14 11
Opportunistic
Opportunistic 2993 103 8.40 8
(385) ©) (159 @
+ Influencer 10674 211 12.00 12
+ Promoted 6367 196 4.60 14
Influencer
Influencer 11349 811 12.00 11
+Promoted 2110 76 11.50 4
Thunderclap
Thunder 2527 2 4.80 7
+ Influencer 11740 3 7.80 6
+Promoted 135 3 2.20 0

. . October 2015, respectively (The population of Northern Ireland
IsTherean Approprlate Control Group for a Social is 1.8 million, while that of Wales is 3.0 million). Comparing
Media Campaign? thetotal key wordsretrieved for an Northern Ireland geo-located
A search for keywordsrelating to sun exposure and skin cancer, word search with that of Wales in the pre- and postcampaign
geo-tagged to NI, returned 15,964 and 14,168 tweets for April  period, postcampaign there was an increase in those geo-located
and October 2015, respectively (Multimedia Appendix 1). For  to Wales whereas there was a decrease in those geo-located to
Wales, 50,164 and 51,634 tweets were returned for April and
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NI. However, our designated campaign hashtags did not appear
among the key word searech retrieved from Wales.

Discussion

Principal Findings

The aim of this study was to develop, implement, and evaluate
asocial media public health campaign. In doing so, we sought
to uncover the feasibility of using social media (Twitter) for the
dissemination of public heath messages, to investigate the
impact and appropriateness of different message frames,
promotion techniques, and evaluation measures. Our findings
suggested that social media was indeed a feasible platform for
the delivery of a public health campaign.

Investigating the Impact of a Bespoke Social Media
Campaign on Skin Cancer Attitudes and Knowledge

Social media is a feasible platform for the dissemination of
public health messages owing to the ability to provide dynamic
and tailored messages to an audience in real time. The results
from the pre- and postcampaign Web-based survey showed a
trend toward improvements in both knowledge and attitudes
with improved awareness that sun protection can reduce skin
cancer risk and greater awareness of the severity of skin cancer.
The results of Web-based surveys have to be interpreted
cautiously [37-38], as they cannot serve as accurate indices of
overal population knowledge about public health issues.
Neverthelessthereis probably greater correspondence between
the characteristics of respondents to Web-based surveys and
those of social mediausers, who arethe natural target of asocial
media campaign, than is the case with traditional respondents
to face-to-face household surveys.

Investigating the Impact of Employing Different
M essage Frames on Social Media

Message frames with shocking (#eek) content generated the
greatest number of impressions, whereas humorous (#geg)
messages resulted in greater public engagement on social media,
compared with personal story messages. Message framing on
social media has been the topic of much debate in the research
literature. Theideaof gain-framed versusloss-framed messages
to encourage illness prevention behaviors has been explored in
relation to skin cancer prevention, with mixed results. Gallagher
and Updegraff [39] found that gain-framed messages were more
likely than loss-framed messages to encourage skin cancer
prevention behaviors, whereas others found no difference[40].
Moreover, graphic warning messages, like some used in this
study, have been shown to be more effective in promoting
behavioral change, particularly related to tobacco use, as they
attract attention and evoke emotion and motivation to quit
[41,42]. For example, some work has employed graphic content
and message framing for skin cancer prevention and indoor
tanning [42] while others [43] appropriated negative emotions
to generate discussion. It has been postulated that exposure to
negative emotions may affect risk perceptions and thus talking
about them can serve as ameans of dealing with such emotions
[43,44].
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Previouswork has highlighted the rol e of fear-based approaches
related to public health campaigns [45-46] in raising awareness
by attracting attention, much like this study, which found that
more impressions were evident from “shocking” messages
tweeted. With fear-based approaches too comes the possibility
of unintended effects such as dissonance or desensitization, as
alluded to by Cho and Salmon [47]. However, a recent work
from Bail [48] found that positive emotional content increased
the virility of messages used for a social media Facebook
campaign. Bail [48] suggeststhat social media campaigns must
not rely on fear-based tactics to draw attention to their cause,
but that campaigns may benefit from the use of positive
emotiona language. The use of humor in public health messages
for behavioral change has been explored [31. Through use of a
“Laugh Model,” the authors sought to learn from business,
marketing, and branding strategiesin order to prioritize the use
of humor and entertainment in health promotion messages. They
implemented asocial mediacampaign to promote healthy family
meals in the Utah region, with humor and entertainment
underpinning the campaign. The campaign was deemed to be
successful in reaching 10%-12% of the target population,
achieving 17,377 Facebook impressions, 28,800 Twitter
impressions, and 5591 Web-based engagements. The population
of Utah is 2.9 million, and their Twitter impression and
engagement rates were thus 0.01/100,000 and 0.002/100,000,
respectively, compared with 0.22/100,000 and 0.006/100,000
in this campaign. The authors found their humorous poststo be
most successful, with an engagement rate of 9.7%, suggesting
that such engaging techniques might be more effective than
educational techniques. In line with the Laugh Model [31], a
humorous message in this study achieved the greatest
engagement rate, reaching 14.8%.

Twitter users have a variety of motivations for re-Tweeting.
Ramdhani [49] suggested that the motivating factors included
self-enhancement, social interaction, personal benefit and
appreciation, and (through humor), entertainment. Ramdhani
[49] aso noted that providing information was of little
importance as a motivating factor. However, in this study, the
most retweeted message was that of an informative nature.
Kandadai et a [50] noted that users were selective in
determining what to retweet, and when the information was
deemed valuable and credible, it was shared. The psychology
of sharing has recently been explored in a study among 2500
Web-based users of the New York Times [51], which found
that the most common reasonsfor peopleto share material with
othersacross social mediawereto provide entertainment (94%),
spread the word about a cause or issue they care about (84%),
as a method of “information management” allowing them to
process information more thoroughly when sharing it (73%),
and self-fulfillment (69%). Future qualitative work would be
required to tease out the motives of social media followersin
choosing which health messagesto retweet. Moreover, it would
be advantageous for message types to be rated by socia media
usersin order to ensure consistency with regard to categorization
assigned by the research team.
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Investigating Whether There Are Benefitsto Using
Promoted Messages, | nfluencers, and a Thunderclap
for the Diffusion of M essages on Social Media

Promoted Messages

Although Lister et al [31] used paid poststo increase the number
of followers and website traffic, this study did not find value in
the use of paid-for, promoted tweets. Actually overall, promoted
posts resulted in fewer impressions and retweets than both
“organic posts’ and thosethat included an influencer. However,
promoted posts had the potential advantage of targeting specific
groups, by location, age, gender, interest, and so forth. Asthis
study had quite a broad target audience of adults (+18 years)
living in Northern Ireland, future studies and interventionswith
a more specific target may see greater benefit from using
promoted posts.

Influencers

Based on the feedback from the focus groups and “co-design”
workshops, we included the use of “influencers’ or seeds and
a unique hashtag for the social media campaign. By doing so,
there was suggestive evidence in this study that the number of
impressions and engagements was greater where influencers
were utilized (Table 3). This was in line with the
recommendations from the Social Bakers blog (“What we can
learn from the top 2 Twitter accounts’) [52], which included
working with viral influencers, the use of a unique hashtag. It
isnot surprising that greater impressions result from influencer
posts because they tend to have large numbers of followers.
However, following Ramdhani’s [49] and Bret's [51] findings
related to motives for tweeting, the selection of influencers is
of utmost importance. Thus, rather than selecting influencers
based on their large following, to drive post impressions, further
thought should be given to the influencer’s social media “tone
of voice” and whether theintervention messagesarein linewith
the influencer’s and their following. Ultimately this may help
a given message reach an audience primed to engage with the
content.

The problem of identifying the most influential usersin social
networks has been considered by many studies. The most
common factorsthat have been considered asindicators of user's
influence in social media are the number of followers, the
number of friends, the number of days that the user exists on
Twitter, the number of tweets posted by the user in the past, or
the number of times the user was mentioned in the past [53].
More empirical research is required to measure the influence
of a user based on his past activities [54] (ie, how many users
he influenced in the past conversations).

The purpose of using influential users in the campaign was to
increase the impact of the messages, so that more people might
engage with the conversation. In social media the impact of a
message is determined by how well the message propagatesin
the network. This is commonly referred to as information
diffusion. A number of ways of ng information diffusion
has been considered in different studies. The most common way
of quantifying the diffusion of amessagein anetwork isthrough
the volume of users influenced by the message [55-58].
Influenced users (often referred to as activated users) are those
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who engaged with a post through liking, commenting, sharing,
or retweeting. Studies have evaluated the diffusion of a tweet
through its retweetability (ie, the length of the retweet chain)
[55,58]. According to Wang et a [59], a message tends to
propagate better if not only your friends, but also friends of
friends, are getting involved in the conversation. Therefore, the
number of friendship hoops that a message has traveled was
taken under consideration while assessing the information
diffusion.

Lots of work has been focused on the challenge of predicting
diffusion of a message in social media. The relation between
the influence of a user and the information diffusion has been
investigated in a number of studies. The factor that is most
commonly applied to estimate the level of user’s influence is
the number of his or her followers. It has been demonstrated
that thereis a correlation between the number of followers and
the length of the retweet chain [55]. The study by Yang and
Counts[56] suggested that the number of timesauser has been
mentioned in the past isagood predicator of the number of his
or her followers who might be influenced. Other studies have
focused on developing predictive models for information
diffusion using machine learning-based approaches. Naveed et
al [58], for example, built a predictive retweet model using
logistic regression. They used some of the aforementioned
user-related features with additional features related to the
content of the tweets (eg, whether the message contains a
uniform resource locator, hashtag, or mention). Hong et al
addressed the problem of predicting the popularity of a tweet
(ie, number of retweets) by formulating it as a classification
problem [60]. Instead of predicting the exact number of retweets,
each tweet was assigned to a category representing an estimated
volume of retweets. Another approach to modeling the
information diffusion was presented by Yang and Leskovec
[61], where the number of newly influenced userswas modeled
as afunction of which other users were influenced in the past.
Wang et a [59] proposed an alternative model that was able to
predict the density of influenced users over time based on how
well the message spread in the early phase.

These machine learning approaches highlight a number of
interesting ideas that can be applied in future socia media
campaigns, suggesting that there are methods that can be used
to automate and enhance campai gn assessment processes. Both
identifying the most influential users in the network and
predicting the propagation of messages could be used toincrease
theimpact of asocial mediacampaign. Theresults of thisstudy
indicate that using influencers as seeds increases the number of
impressions and engagements. At the same time, we noticed
that the level of influence differed among different seed users.
Therefore, it could be beneficial to consider factors other than
the number of followers while selecting the seed users for the
campaign. Using some of the predictive model sdescribed earlier
could help in the assessment of the propagation of the messages
that could be used as the predicator of the campaign’s impact.

Thunderclap

The Thunderclap campaign exceeded itstarget of reaching 100
supporters, (and achieved atotal of 122 supporters). Thistarget
was somewhat arbitrary but exceeded the number achieved by
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previous campaigns of the Regional Public Health Agency. The
Thunderclap required users to pledge their support and thus
allow a bespoke campaign message to be posted from their
chosen social media account, resulting in widespread social
reach with more than 450,000 people seeing the campaign
message. Thus, a Thunderclap is a useful tool for spreading
awareness provided it is utilized correctly, and adequately
promoted and explained prior to launch. Thus, it is important
to ensure awareness among users and actively pledge support
by following the Thunderclap link, rather than simply retweeting
or “liking” the message advertising the Thunderclap.

The scheduling of campaign messages was informed by both
thefocus groups and availability of the host’s (aregional cancer
charity) social mediaaccounts. M essages were posted between
3 and 4 days per week on Twitter, with the same message (or
minor variations of the same message) posted up to 4 timesin
aday at different times. Moz Blog [62], in 2012, reported that
the average lifespan of a tweet was 18 minutes, for accounts
with fewer than 1000 followers, and that although retweets
extended the lifespan, most retweets happened in the first 7
minutes of a message being posted. Such detailed analysiswas
beyond the scope of this study; however, we did observe that
the greatest lifespan of 1 of our tweets was 64 days (ie, there
was aretweet 64 daysfollowing the original tweet). Increasing
numbers of social mediamarketing tools have appeared in recent
years, and future work may benefit from utilizing such
applications. Such tools include Twitalyzer for Twitter or
Likealyzer for Facebook, which offer more than is available
from the traditional social media platform dashboard analytics,
including recommendations for the best times to publish social
media posts, whether users respond more to photos or videos,
and ranking comparisonsto similar social mediaprofiles. Future
work should therefore attempt to capitalize on such resources.
Moreover, in thisstudy, it may be possiblethat greater tweeting
frequency of content further instilled the message to users or
provided opportunity to reach different social media users at
various time points. However, on the contrary, the increased
volume of content may, as has been suggested [63],
inadvertently decrease the perceived importance of the content,
particularly as “shares’ were few in this study. Thus, a“lessis
more” approach may be beneficial if the aim is to achieve
shareable content and subsequent message diffusion.

Deter mining the Appropriate Process Evaluation
Measures and Accessto Data for a Social Media
Campaign

This study utilized commonly cited and most readily available
Twitter analytics to evaluate the campaign: impressions,
engagements, likes, and shares. Although such markers are
commonly used in the literature [17,24,31], one might contest
their appropriateness as eval uation measuresfor apublic health
campaign [64]. Although measures such as impressions are
useful in determining how many users see agiven message, and
retweets in determining the number who share such messages
with friends or followers, it may not be appropriate to infer
specific meanings from such actions. Doesliking or retweeting
amessageinfer that the user supports the campaign message or
wants their friends to be aware of such advice or will indeed
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take heed of the message and act on such advice—or example
in our case—to apply sunscreen? It would be naive to infer that
they are good barometers of impending behavioral change.

Thus, with calls specifically for eHealth interventions across
the board and particularly with regard to melanoma [65], new
research methods for social media are needed, perhaps through
the adaptation of traditional methods. For example, this study
delivered its Web-based survey via social media. Moreover,
applications of traditional methods (to inform the design of
search terms) for social media are beginning to emerge, such
asthe use of netnography, afusion of ethnography with Internet
analytics [66]. Crowdsourcing and photo and video elicitation
techniques may also be adapted for social mediato gain adeeper
understanding of perceptions, attitudes, and behavioral change.

Investigating Whether Therelsan Appropriate
“Control Group” for a Social Media Campaign

This feasibility study was unable to ascertain an appropriate
“control group” for a socia media—enabled public health
intervention. Wales was chosen as a “control group” for the
campaign. However, with the use of our specific hashtags, we
did not expect any impact or social media footprint in Wales
and we found virtualy none. For a campaign based around
behavior in the sun, clearly local geography and weather
conditions are likely to have an impact on message reach and
engagement. Although there are bound to be very local
variations, Northern Ireland and Wales “enjoy” broadly the
same weather, and so we anticipated that social media traffic
in Wales could tell us something about the background influence
of these weather effects. Moreover, athough weather data was
collected for Northern Ireland throughout the campaign period,
stronger associations between weather and retweets emerged
during Phase 2 of the campaign. Thiswas at atime frame that
was closer to the “peak” of summer in Northern Ireland.
However, during the summer of 2015, Northern Ireland
experienced one of the coldest, wettest summers in
approximately 30 years, and so any conclusions must be
tentative.

Although this study identified the appropriateness of social
mediafor apublic health campaign, the challengeisto find how
to transfer traditional evaluation principles into the world of
social media. Innovative methods are emerging with regard to
social media. An instrumental variable approach to study
happiness and weather effects has also been reported [67].
Techniques are also emerging to better measure and assess the
effects on sentiment in social mediathrough the use of “emoji”
[68]. With few studies having examined the success of social
media to promote knowledge and adoption of health behaviors
[69], there is room for methodological innovation because
traditional randomized controlled trial methods and process
evaluation measures (MRC Guidance) havelittleto say on socia
media interventions.

This study sought guidance from a statistician to determine the
best course of action for handling Twitter data. Traditional
statistical analyses may not be appropriate given the clustered
and dependent nature of tweets. Theresults of this study should
be considered within the context of other limitations. Although
a shocking tweet (#eek) achieved the greatest number of

JMIR Public Health Surveill 2017 | vol. 3 |iss. 1 [e14 | p.105
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

impressions, thiswaslikely driven by the associated “ influencer”
because median impressions for tweets were substantially less.
Nonetheless, taking median values, shocking tweets achieved
most impressions. Moreover, tweet content was determined by
the research team and verified by participants at a codesign
workshop. Future work would benefit from an assessment of
content agreement when determining message frames applied
to tweets. For example, what was considered to be a humorous
message by the research team may be deemed as shocking to
another user.

The National Institute for Health and Care Excellence guidelines
for sunlight exposure [70] were updated after the completion
of thisintervention, and its recommendations essentially echoed
what thiswork sought to achieve. The campaign was delivered
in a way to meet the target audience needs via social media,
developed and piloted with the target audience, and integrated
with existing local promotion programs. Twitter, as a vehicle
for dissemination and as an opportunity to reach new audiences,
isendorsed by The Centersfor Disease Control and Prevention
[71]; however, fundamental challenges remain. Although
respondents to our Web-based surveys were similar to those to
the household survey, Twitter users are not representative of
the general offline population. There are also ethical and privacy
issues surrounding social media and Twitter that have not yet
been tackled head on by most public health agencies [72]. For
example, difficulties may arise in reporting content, as Tweets
can be searched, thusincreasing the potential for subjectsto be
identified [73]. It is not clear to what extent publicly available
social media data can be regarded as “public,” and as such,

Acknowledgments

Gough et al

“concernsover consent, privacy and anonymity do not disappear
simply because subjects participate in Web-based socia
networks; rather, they become even more important” [74,75].
Issuesinvolving informed consent to social mediaresearch have
also arisen. For example, Kramer et a’s [75] work utilizing
Facebook caused expressions of concern from publishers over
principles of informed consent. A number of bodies are
developing guidelines and protocols for corporate use of social
media. Indeed the Journal of Medical Internet Research has
produced a special issue on “Ethics, Privacy, and Legal 1ssues”
[76], but clear guidance is required whether public health
research isto harnessits full potential.

Limitations

This study has generated a number of hypotheses that require
testing in a larger, definitive trial. However, a number of
limitations have been identified from this study. The issue of
contamination across phases remains a key methodological
concern in social media research. Future research should seek
to employ a phase-based pre-post design and analysis with
adequate wash-out period. Another potentid threat to thevalidity
of thisstudy, and indeed social mediaresearchin general, relates
to the unrepresentativeness of the Twitter population. Given
the limited social media traffic and interaction with the
campaign, our findings should be interpreted with caution.
Although we targeted some different types of influencersto aid
engagement and reach of the campaign, there were limitations
in terms of their number of followers and their overall
engagement with the campaign, and therefore these findings
too should be interpreted with caution.
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Abstract

Background: Little information is available about care before death among human immunodeficiency virus (HIV)—infected
persons who die of HIV infection, compared with those who die of other causes.

Objective: The objective of our study wasto compare HIV care and outcome before death among persons with HIV who died
of HIV-attributable versus other causes.

Methods: We used National HIV Surveillance System data on CD4 T-lymphocyte counts and viral loads within 12 months
before death in 2012, as well as on underlying cause of death. Deaths were classified as “HIV-attributable” if the reported
underlying cause was HIV infection, an AIDS-defining disease, or immunodeficiency and as attributable to “ other causes’ if the
cause was anything else. Persons were classified as “in continuous care” if they had >2 CD4 or viral load test results >3 months
apart in those 12 months and as having “viral suppression” if their last viral load was <200 copies/mL.

Results. Among persons dying of HIV-attributable or other causes, respectively, 65.28% (2104/3223) and 30.88% (1041/3371)
met AIDS criteriawithin 12 months before death, and 33.76% (1088/3223) and 50.96% (1718/3371) had viral suppression. The
percentage of personswho received =2 tests >3 months apart did not differ by cause of death. Prevalence of viral suppression for
persons who ever had AIDS was lower among those who died of HIV but did not differ by cause for those who never had AIDS.

Conclusions: The lower prevalence of viral suppression among persons who died of HIV than among those who died of other
causesimplies aneed to improve viral suppression strategies to reduce mortality dueto HIV infection.

(JMIR Public Health Surveill 2017;3(1):€3) doi:10.2196/publicheslth.6206

KEYWORDS
HIV; AIDS; causes of death; care

proportion of deaths due to causes not clearly attributable to
HIV hasincreased [1-3]. Retention in medical care and effective
treatment to achieve a suppressed viral load are essential to
reduce morbidity and mortality, as well as the potential for
onward transmission of thevirus[4]. However, littleinformation
is available about care and outcomes before death among

Introduction

Ashuman immunodeficiency virus (HIV)—infected personsare
surviving to older ages, the spectrum of causes of death among
them is changing—the proportion of deaths in which HIV
infection was the underlying cause has decreased, while the
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persons living with HIV who eventually died of either
HIV-attributable or other causes. Assessment of predeath care
by cause of death can inform opportunities for intervention.
This study is an update on a recent study that examined HIV
care within the year before death [5]. We expanded the
investigation to compare HIV-infected persons who died of an
HIV-attributable underlying cause with those who died of
another underlying cause with respect to (1) disease stage within
12 months before death and (2) measures of care in terms of
frequency of CD4 T-lymphocyte counts or vira load
measurements and viral suppression.

Methods

All US states and the District of Columbia require reporting of
cases of HIV infection to their health departments; however,
not al have mandatory reporting of all values of CD4
T-lymphocyte cell counts and viral load test results by
laboratories. We used data reported to the Nationa HIV
Surveillance System (NHSS) of the Centersfor Disease Control
and Prevention through July 2015 from 13 jurisdictions with
mandated |aboratory reporting of all results from HIV-related
teststo their HIV surveillance programs and that also collected
cause of death information (California, District of Columbia,
Hawaii, lowa, Louisiana, Maryland, Michigan, Missouri, New
Hampshire, New York, South Carolina, Texas, West Virginia).
The analysis was restricted to persons who died in 2012, were
>13 years old at the time of death, and resided in the selected
areas at both diagnosis and death. The purpose of theresidential
restriction wasto enhance the compl eteness of data.on laboratory
test results, because laboratories report test resultsto the health
departments of the jurisdictions corresponding to the patient’s
residential addressreported by the health care provider. Among
the health departments of these 13 jurisdictions, at least 85%
of the deathsthey reported to NHSS had data on the underlying
cause, which they obtained by linking HIV surveillance data
with either state or local vital records dataor the National Death
Index. The health departments reported the data to NHSS
without key personal identifiers (eg, name, Social Security
number) that they used to link HIV cases to death records and
laboratory test results. Causes of death wereidentified by codes
in the International Classification of Diseases, Tenth Revision
(ICD-10) [6]. We classified adeath as“ HIV-attributable” if the
reported underlying cause was HIV infection, indicated either
explicitly (by an1CD codefor HIV infectionitself) or implicitly
(by an ICD code for an AIDS-defining opportunistic illness or
immunodeficiency—cell-mediated or unspecified type, not an
antibody-mediated or congenital type). We assumed HIV
infection was underlying an opportunistic illness or
immunodeficiency because al the decedents had HIV infection
reported to NHSS, even if HIV was not mentioned on the death
certificate. If the underlying cause was known but was not HIV
infection, we classified the death as “non—HIV-attributable
death” (and the underlying cause as* other” than HIV infection;
Multimedia Appendix 1). Persons missing information on
underlying causes of death were excluded from the analyses.
Stage of disease was based on the most recent CD4 cell count
or percentage, and was defined in a reversible way, so that a
person whose HIV disease had previously met the criteria for
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stage 3 (AIDS) could bereclassified in stage 1 if the most recent
CDA4 cell count was=>500 cells/|L [7]. Personswere considered
to be “in care” within 12 months before death if they had =1
CD4 or viral load test result in that period and “in continuous
care’ if they had =2 CD4 or viral load test results at least 3
months apart within the last 12 months before death [8]. Viral
suppression (defined as <200 copies/mL ) was based on the most
recent viral load in the 12 months before desth.

We assessed indicators overall and by sex, age, race/ethnicity,
and transmission category (mal e-to-male sexual contact, ie, men
who had sex with men or MSM; injection drug use; MSM and
injection drug use; heterosexua contact; and other). We also
determined care and viral suppression by disease severity
(whether a person’s infection had ever been classified as stage
3 disease, AIDYS), the length of time since diagnosis of HIV
infection, and urban versus rural area of residence at the time
of diagnosis (metropolitan statistical area population =500,000;
metropolitan statistical area population 50,000-499,999; and
nonmetropolitan population <50,000). Using log-binomial
regression, we calculated prevalence ratios and 95% CIs to
determine statistical differences on measures of care between
persons who died of HIV-attributable underlying causes and
those who died of non—HIV-attributable underlying causes. To
control for potential confounding covariates, the analyseswere
adjusted for sex, age at death, race/ethnicity, transmission
category, and ever AIDS. Analyses were adjusted for missing
risk factor information. Analyses were performed using SAS
version 9.3 statistical software (SAS Institute Inc), with the
GenMod procedure for the log-binomial regression.

Results

Among 6594 persons who died in 2012 with diagnosed HIV
infection, 48.88% (3223/6594) died of HIV-attributable
underlying causes and 51.12% (3371/6594) died of
non—HIV-attributable underlying causes. Of those who died of
HIV-attributable causes, most were male (2374/3223, 73.66%)
and 240 years old at death (2673/3223, 82.94%); their
racial/ethnic distribution was 47.35 % (1526/3223) non-Hispanic
black or African American, 23.30% (751/3223) non-Hispanic
white, 22.25% (717/3223) Hispanic or Latino, and 7.11%
(229/3223) other; 40.80% (1315/3223) were MSM (Table 1).
Among those who died of non—HIV-attributable causes, most
were male (2493/3371, 73.95%) and =40 years old at death
(3064/3371, 90.89%); their racial/ethnic distribution was 45.57%
(1536/3371) non-Hispanic black or African American, 29.01%
(978/3371) non-Hispanic white, 18.30% (617/3371) Hispanic
or Latino, and 7.12% (240/3371) other; 36.78% (1240/3371)
were MSM (Table 2). Overall, the percentage of persons with
late-stage disease (stage 3, AIDS, based on the most recent
indicator, ie, CD4 test or opportunistic illness diagnosis) in the
12 months before death was more than twice as great among
persons who died of HIV-attributable causes (65.28%,
2104/3223; Table 1) as among persons who died of
non—HIV-attributable causes (30.88%, 1041/3371; Table 2).
The percentage with stage 3 disease was similarly higher in
almost all demographic groups and transmission categories of
persons who died of HIV-attributable causes than in their
counterparts who died of other causes.
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Table 1. Most recent stage of disease within 12 months before death, among persons aged =13 years who died of HIV-attributable causesin 2012, in
13 USjurisdictions.

Decedent characteristics Most recent stage® of disease before HIV-attributable death?
Total Stage 1 Stage 2 (CD4 200- Stage 3 (AIDS; Unknown
(CD4%500 49 cellsiul or - o9 or cD4<200
cellsL or 229%) 14%-28%) cell/L or <14%)
n Al n Al n o n o n o
Total 3223 100 244 7.6 542 16.8 2104 65.3 333 10.3
Sex
Mae 2374 73.7 175 7.4 394 16.6 1543 65.0 262 11.0
Female 849 26.3 69 8.1 148 17.4 561 66.1 71 8.4

Age (years) at death, year-end 2012

13-29 154 4.8 7 4.5 18 117 121 78.6 8 52
30-39 396 12.3 8 2.0 40 10.1 321 811 27 6.8
40-49 914 284 58 6.3 112 12.3 666 72.9 78 85
50-59 1107 34.3 90 81 201 18.2 681 61.5 135 12.2
260 652 20.2 81 124 171 26.2 315 48.3 85 13.0

Race or ethnicity

American Indian or Alaska Native 2 0.1 0 0 0 0 2 100 0 0
Asian 20 0.6 0 0 1 5.0 17 85.0 2 10.0
Black or African American 1526 47.3 112 7.3 239 157 1030 67.5 145 95
Hispanic or Latino? 717 22 43 6 124 17.3 483 67.4 67 9.3
Native Hawaiian or other Pecific ISander 3 0.1 0 0 0 0 2 66.7 1 333
White 751 233 74 9.9 143 19.0 432 575 102 13.6
Multiple races 204 6.3 15 74 35 17.2 138 67.6 16 7.8

Transmission categoryh

Male-to-male sexual contact (MSM i) 1315 40.8 98 74 216 16.4 854 65.0 148 11.2
Male injection drug use 513 159 43 8.3 86 16.8 333 64.7 52.7 10.3
Female injection drug use 305 9.5 26 85 63 20.5 189 61.8 28 9.2
MSM' and injection drug use 251 7.8 19 7.6 48 19.2 154 61.4 30 11.8
Male heterosexual contact 271 84 12 4.4 42 154 188 69.3 30 109
Female heterosexual contact 521 16.2 42 8.0 81 154 359 68.9 40 7.6
Other 47 14 6 11.8 7 153 28 60.9 6 12.0
Ever AIDS
Yes 2946 91.4 171 58 448 152 2104 714 223 7.6
No 277 8.6 73 26.4 94 339 0 0 110 39.7

8stage of disease within 12 months before death based on most recent CD4 test performed.

BH1V-attributable deaths were those for which HIV infection, AIDS-indicative opportunistic illness, or immunodeficiency was the underlying cause.
°CD4: CD4*T-lymphocyte count (cells/UL) or percentage.

dor: opportunistic illness (ie, AIDS-defining condition).

€Column percent.

"Row percent.

9Hispanic or Latino can be of any race.

PData on transmission category stetistically adjusted to account for missing transmission category.

IMSM: men who had sex with men.
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Table 2. Most recent stage of disease within 12 months before death, among persons aged =13 years who died of non—HIV-attributable causesin 2012.

Decedent characteristics Most recent stage® of disease before non—HIV-attributable death?
Total Stage 1 Stage 2 (CD4 200- Stage 3 (AIDS; Unknown
(CD4%500 49cellspl or - 19 or cD4<200
cells/uL or =229%) 14%-28%) cells/uL or <14%)
n 08 n o n o n o n A
Tota 3371 100 686 204 987 29.3 1041 30.9 657 19.5
Sex
Male 2493 74.0 482 19.3 741 29.7 782 314 4388 19.6
Female 878 26.0 204 232 246 28.0 259 295 169 19.2

Age (years) at death, year-end 2012

13-29 74 22 16 21.6 17 230 20 27.0 21 28.4
30-39 233 6.9 55 23.6 55 236 7 33.0 46 19.7
40-49 786 23.3 163 20.7 208 26.5 264 33.6 151 19.2
50-59 1292 38.3 259 20 393 30.4 416 32.2 224 17.3
=60 986 29.2 193 19.6 314 31.8 264 26.8 215 21.8

Race or ethnicity

American Indian or Alaska Native 2 0.1 0 0 0 0 1 50.0 1 50.0
Asian 17 0.5 3 17.6 7 41.2 5 294 2 11.8
Black or African American 1536 45.6 294 191 452 29.4 481 313 309 20.1
Hispanic or Latino? 617 183 105 170 19 318 218 33 98 159
Native Hawaiian or other Pacific Islander 3 0.1 1 333 0 0 2 66.7 0 0

White 978 29 230 235 262 26.8 264 27.0 222 22.7
Multiple races 218 6.5 53 24.3 70 321 70 321 25 115

Transmission categoryh

Male-to-male sexual contact (MSM i) 1240 36.8 263 212 371 29.9 373 30.1 234 18.8
Male injection drug use 677 20.0 110 16.3 202 29.9 226 335 138 20.4
Female injection drug use 397 11.8 85 21.3 121 30.5 112 28.2 79 20.0
MSM' and injection drug use 287 85 56 19.6 85 29.5 94 328 52 18.1
Male heterosexual contact 273 81 52 191 76 27.8 85 311 60 22.0
Female heterosexua contact 471 14.0 118 249 122 26.0 143 304 88 18.8
Other 27 0.8 3 11.7 11 39.6 7 26.7 6 22
Ever AIDS

Yes 2564 76.1 401 15.6 779 304 1041 40.6 343 134
No 807 239 285 35.3 208 258 0 0 314 38.9

8stage of disease within 12 months before death based on most recent CD4 test performed.

BNon—HIV-attributable deaths were al deaths for which the underlying cause was known other than those for which the underlying cause was HIV
disease, an AIDS-indicative opportunistic illness, or immunodeficiency.

°CD4: CD4*T-lymphocyte count (cells/UL) or percentage.

dor: opportunistic illness (ie, AIDS-defining condition).

€Column percent.

"Row percent.

9Hispanic or Latino can be of any race.

PData on transmission category stetistically adjusted to account for missing transmission category.
IMSM: men who had sex with men.
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Overall, 91.34% (2944/3223) and 82.74% (2789/3371) of
persons who died of HIV-attributable or non—HIV-attributable
causes, respectively, had care within 12 months before death
(=1 CD4 or vira load test; Table 3). The percentage of persons
who received continuous care (=2 CD4 or vira load tests, 3
months apart) was similar among persons who died of
HIV-attributable and non—HIV-attributable causes (66.15%,
2132/3223 and 65.89%, 2221/3371, respectively; Table4). The
percentage of personswith viral suppression was substantially
lower among those who died of HIV-attributable causes
(33.76%, 1088/3223) than among those who died of
non—HIV-attributable causes (50.96%, 1718/3371; adjusted
prevalence ratio 0.69, 95% CI 0.65-0.73; Table 4). Prevalence
of viral suppression for persons who ever had stage 3 (AIDS)
was lower among those who died of HIV but did not differ by
cause of death for persons who never had stage 3 (AIDS).

http://publichealth.jmir.org/2017/1/e3/
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The percentages with =1 CD4 or viral load test was >74% for
most demographic groups and transmission categories but
somewhat lower for persons who never had stage 3 disease
(AIDS; 69.0%, 191/277 and 64.7%, 522/807 among persons
who died of HIV-attributable and non-HIV-attributabl e causes,
respectively) and persons whose diagnosis of HIV infection
was <12 months before their death due to non—HIV-attributable
causes (67.8%, 124/183).The percentage of persons with viral
suppression was lower in most demographic and behavioral
groups of persons who died of HIV-attributable causes than in
their counterparts of persons who died of other causes.

Most personsin this study had HIV infection diagnosed more
than 5 years before death (2368/3223, 73.47% and 2762/3371,
81.93% among those who died of HIV-attributable and
non—HIV-attributable causes, respectively; Table 3).
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Table 3. Care and viral suppression within 12 months before death, among persons aged =13 years, comparing those who died of HIV-attributable
causes with those who died of non—HIV-attributable causes in 2012, in 13 USjurisdictions: “in care” (=1 CD4 or vira load test).

Decedent characteristics Total >1 CD4 or VL®test Unknown if had CD4 or VL test
HIV Non-  HIV deaths Non-HIV APRY 9506 CI® HIV deathd Non-HIV
deahd HIV deaths deaths®

desths®
n n n % n % n % n %
Total 3223 3371 2944 913 2789 827 105 103106 279 8.7 582 17.0
Sex
Male 2374 2493 2159 909 2060 826 105 103107 215 9.1 433 174
Female 849 878 785 925 729 830 105 102109 64 75 149 17.0

Age (years) at death, year-end 2012

13-29 154 74 146 948 55 74.3 1.02 092-1.14 8 52 19 25.7
30-39 396 233 371 937 193 82.8 1.02  097-1.07 25 6.3 40 17.2
40-49 914 786 848 92.8 655 83.3 1.06 103110 66 7.2 131 16.7
50-59 1107 1292 999 90.2 1095 848 1.03 1.00-1.06 108 9.8 197 15.2
260 652 986 580 89.0 791 80.2 1.09 105113 72 11.0 195 19.8

Race or ethnicity

Black or African American 1526 1536 1397 915 1254 816 105 1.02-1.08 129 85 282 184
Hispanic or Latind' 717 617 66l 922 529 857 104 100108 56 78 88 14.3
White 751 978 671 89.3 790 80.8 1.07 1.03-1.11 80 10.7 188 19.2
Other races 229 240 215 93.9 216 90.0 1.02 0.97-1.07 14 6.1 24 100

Transmission category?

Male-to-male sexua contact 1315 1240 1198 911 1041 840 103 101-1.06 117 8.9 199 16.0
(Msmh

Male injection drug use 513 676 470 91.6 548 811 1.08 1.03-1.12 43 84 128 189
Female injection drug use 305 397 281 92.0 327 82.2 1.08 1.02-1.14 24 7.9 70 17.6
Msm" and injection drug use 251 287 225 89.6 240 83.7 1.05 0.98-1.12 26 104 47 16.4
Male heterosexual contact 271 273 246 90.6 215 79.1 1.06 1.00-1.12 25 9.2 58 21.2
Female heterosexua contact 521 471 486 93.2 394 83.6 1.04 0.99-1.08 35 6.7 7 16.3
Other 47 27 39 83.9 23 85.3 0.93 0.77-112 8 17.0 4 14.8

Ever AIDS

Yes 2946 2564 2753 934 2267 884 1.05 1.03-1.06 193 6.6 297 11.6
No 277 807 191 69.0 522 64.7 1.05 0.96-1.16 86 31.0 285 353

Timesince HIV diagnosis

<12 months 450 183 410 911 124 67.8 134 121-149 40 8.9 59 32.2
13-24 months 108 93 100 926 77 82.8 112 1.00-1.24 8 7.4 16 17.2
3-5years 297 333 281 946 251 75.4 1.26 117-1.34 16 54 82 24.6
Morethan 5 years 2368 2762 2153 909 2337 846 1.07 1.04-1.09 215 9.1 425 154

MSA! at diagnosis
MSA (population =500,000) 2688 2937 2468 918 2445 832 105 1.03-1.07 220 8.2 492 16.8
MSA (population 50,000-499,999) 397 337 352 88.7 268 795 107 101-113 45 113 69 20.5

Nonmetropolitan area (population 128 81 115 898 66 815 098 091-105 13 102 15 185
<50,000)
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Decedent characteristics Total >1 CD4 or VL®test Unknown if had CD4 or VL test
HIV Non-  HIV deaths Non-HIV APRY 9506 CI®  HIV deathd Non-HIV
degthd HIV deaths death<®

desths”
n n n % n % n % n %
Unknown 10 16 9 90.0 10 625 - 1 100 6 375

3/L: viral load (copies/mL).

PHIV deaths (HIV-attributable deaths) were those for which HIV infection, AIDS-indicative opportunistic illness, or immunodeficiency was the
underlying cause of death.

®Non-HIV deaths (non-HIV-attributable deaths) were al| other deaths for which the underlying cause was known.
9APR: adjusted prevalence ratio, adjusted for sex, age at death, race/ethnicity, transmission category, and ever AIDS.
€ClI: confidence interval

inspanic or Latino can be of any race.

9Data on transmission category have been statistically adjusted to account for missing transmission category.

M SM: Men who had sex with men.

IMSA: metropolitan statistical area.
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Table 4. Care and viral suppression within 12 months before death, among persons aged =13 years, comparing those who died of HIV-attributable
causes with those who died of non—HIV-attributable causesin 2012, in 13 US jurisdictions: “in continuous care” (=2 CD4 or vira load tests at least 3

months apart).
Decedent characteristics >2 CD4 or VL2 test at least 3 months apart VL <200 copies/mL
HIV deaths®!  Non-HIV APRY 959 CI®  HIV desths®™ ~ Non-HIV APRY  950%CI®
deaths™ deaths™
n % n % n % n %
Tota 2132 66.1 2221  65.9 0.96 0.92-099 1088 338 1718 51.0 0.69 0.65-0.73
Sex
Male 1532 645 1642 65.9 0.93 0.89-0.97 843 35.5 1324 531 0.69 0.64-0.74
Female 600 70.7 579 65.9 0.99 0.93-1.06 245 28.9 394 44.9 0.69 0.61-0.79

Age (years) at death, year-end 2012

13-29 97 63.0 41 554 094 072-123 34 221 20 270 112  0.60-2.09
30-39 248 62.6 129 554 099 086-1.15 69 174 98 421 042  0.32-0.56
40-49 607 66.4 497 632 097 090-1.04 284 311 361 459 0.67  0.59-0.76
50-59 750 67.8 888 687 095 090-1.00 39 358 672 520 066  0.60-0.73
260 430 66.0 666 675 095 0.88-101 305 468 567 575 08 0.73-0.89

Race or ethnicity

Black or African American 1055 691 987 643 101 096106 453 2907 678 441 071 064-0.78
Hispéric or Lating 464 647 459 744 089 083096 245 342 353 572 063 056072
White 458 610 600 613 097 090-105 309 411 559 572 072 065080
Other races 155 677 175 729 09 080100 8L 354 128 533 07  057-0.87

Transmission category?

Male-to-male sexual contact 813 618 806 650 09 085096 456 347 696 561 065 059071
(Msmh

Maleinjection drug use 362 706 459 680 101 094108 202 394 349 516 078 0.69-0.89
Female injection drug use 230 753 268 675 105 096116 94 307 181 455 072 059-0.88

MSM" and injection druguse 171 682 199 693 095 084106 92 367 161 562 066 054-081

Male heterosexual contact 171 63.3 167 61.2 095 0.84-1.08 82 30.3 109 400 079  0.62-1.00

Female heterosexual contact 354 68.0 303 644 095 0.87-1.04 142 2713 209 445 065  0.54-0.78

Other 30 65.2 18 656 086 063118 19 41.7 13 48.7 1.08 0.61-1.94
Ever AIDS

Yes 1986 674 1848 721 094 091-098 970 329 1395 544 066  0.62-0.71

No 146 527 373 46.2 113 0.99-1.29 118 426 323 400 105 0.90-1.23

Timesince HIV diagnosis

<12 months 116 258 48 262 097 073130 80 178 31 169 089 059-1.34
13-24 months 75 69.4 66 71.0 099 080122 39 36.1 46 495 068  047-0.98
3-5years 193 650 181 544 1 0.88-1.14 103 34.7 139 417 09 0.72-1.12
Morethan 5 years 1748 738 1926 69.7 1.02  0.99-1.06 866 36.6 1502 544 071  0.67-0.76

MSA! at diagnosis
MSA (population =500,000) 1816 676 1977 673 096 0.93-1.00 941 350 1520 518 07 0.66-0.75
MSA (population 50,000-499,999) 230 579 189 561 095 083108 108 272 144 427 069  0.56-0.86

Nonmetropolitan area(population 79 61.7 47 580 09 0.72-1.11 36 281 48 593 043 0.31-0.60
<50,000)
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Decedent characteristics

22 CD4 or VL?test at least 3 months apart

VL <200 copies/mL

HIV deaths®]  Non-HIV APRY  9506CI®  HIV deaths® ~ Non-HIV APRY  95%CI®
deaths®! deaths®!
n % n % n % n %
Unknown 7 700 8 500 - 3 300 6 375 -

3/L: viral load (copies/mL).

PHIV desths (HIV-attributable deaths) were those for which HIV infection, AIDS-indicative opportunistic illness, or immunodeficiency was the

underlying cause of death.

®Non-HIV deaths (non-HIV-attributable deaths) were all other deaths for which the underlying cause was known.
dAPR: adjusted prevalence ratio, adjusted for sex, age at death, race/ethnicity, transmission category, and ever AIDS.

€ClI: confidence interval
inspanic or Latino can be of any race.

9Data on transmission category have been statistically adjusted to account for missing transmission category.

PMSM: men who had sex with men.
'MSA: metropolitan statistical area.
ITotal HIV and non-HIV deaths (denominators) are shown in Table 3.

Discussion

Principal Findings

Our results indicated poorer outcome in terms of vira
suppression in the last 12 months before death among persons
who died of HIV-attributable causes, consistent with other
studies [9]. Almost two-thirds (65.28%) of persons who died
of HIV-attributable causes had | ate-stage disease (stage 3, AIDS)
in the 12 months before death, compared with 30.88% of those
who died of other causes, and the percentage with a suppressed
virdl load was lower among persons who died of
HIV-attributable causes (33.76%) than among those who died
of other causes (50.96%). This association between death due
to HIV-attributable causes and both |ate-stage disease and lack
of viral suppression could be explained by the latter two
conditions being characteristic of late (delayed) diagnosis of
HIV infection, inadequate care and treatment, inadequate
adherence to medication regimens, or treatment failure [9,10].

Although a high percentage of persons who died received care,
a low percentage of them had vira suppression, particularly
among persons who died of HIV-attributable causes. This is
consistent with other studies [9,10]. Although receipt of care
might be expected to lead to viral suppression, the causal
relationship may actually beinthereversedirection—being“in
care” or “incontinuous care,” as measured by frequency of CD4
or viral load tests, could be a marker for clinical deterioration
with high vira loads, due to lack of adherence or treatment
failure, which then resulted in more frequent care.

Limitations

Our analyses were subject to some limitations. First, our
analyseswere based on datafrom 13 jurisdictions, representing

Acknowledgments

41% of all persons 13 years and older who died in 2012 in the
United States, and, therefore, may not be representative of all
personswith HIV who died in the United States. Second, cause
of death information from death certificates may underestimate
deaths due to HIV [11,12]. The finding that a substantial
percentage (30.88%) of the persons who died of
non—HIV-attributable causes had stage 3 (AIDS) suggests that
some of these deaths might actually have been HIV-attributable.
Conversely, HIV infection may have been characterized as
underlying cause of death for some patients without actually
playing arolein their death if the physicians who certified the
deathsignored the instructions on the death certificate to list as
causes only those conditions that “resulted in” or “contributed
to” death, or incorrectly assumed that HIV infection did so.
Third, information was not available on highly active
antiretroviral therapy (HAART) or treatment adherence. Fourth,
CD4 and viral load testing may not adequately capture the full
spectrum of HIV carein the last 12 months before death [5].

Conclusions

HAART has prolonged the survival of HIV-infected persons
by reducing deaths due to HIV-attributable causes [13]. To
further decrease mortality, HIV-infected persons should seek
early testing and, when diagnosed, be linked to care as soon as
possible and be retained in such care so asto reduce the risk of
death due to HIV and enable persons with HIV to have alife
expectancy similar to that of personswithout HIV [13]. Thisis
in consonance with the recommendation by the Panel on
Antiretroviral Guidelines for Adults and Adolescents that
diagnosis of HIV be made early in the course of infection so as
to initiate therapy early and at any CD4 count [14,15].

The findings and conclusionsin this article are those of the authors and do not necessarily represent the views of the Centers for

Disease Control and Prevention.
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Abstract

Background: Gay, bisexual, and other men who have sex with men (GBMSM) in the United States remain disproportionately
affected by human immunodeficiency virus (HIV). Yet their testing frequency is suboptimal and condomless anal sex (CAS) is
increasing. Behavioral theories posit that information about HIV is a pivotal construct in individual risk reduction. However,
measurements of knowledge have traditionally focused on ever hearing about HIV and being aware of the most common routes
of spread.

Objective:  Using a national Web-based sample of sexualy active GBMSM, we sought to (1) quantify levels of detailed
knowledge about HIV epidemiology and transmission dynamics, (2) describe variations in detailed knowledge levels across
demographic strata, and (3) evaluate potential associations of increasing levels of detailed knowledge with HIV testing in the
past year and engaging in CAS with amale partner in the past 3 months.

Methods: GBMSM were recruited through a social networking website (Facebook) from August to September 2015 and asked
17 knowledge-based questions pertaining to the following 2 domains using a Web-based survey: HIV epidemiology (9 questions
including statistics on incidence, prevalence, and distribution) and HIV transmission dynamics (8 questions including modes of
spread and per-act transmission probabilities). Ordinal domain-specific indices of detailed knowledge were created for each
respondent by summing their number of correct responses. Separate cumulative logit models were used to identify factors
independently associated with each index, and multivariable logistic regression models were used to characterize associations
with HIV testing history and recently engaging in CAS.

Results. Of the 1064 participants in our study, only half (49.62%, 528/1064) had been tested for HIV in the past year, and
almost half (47.84%, 509/1064) had engaged in CASwith amale partner in the past 3 months. Mgjority scored 3 of 9 epidemiology
guestions correct (26.88%, 286/1064) and 5 of 8 transmission dynamics questions correct (25.00%, 266/1064). Participants
younger than 35 years, of hon-Hispanic non-white or Hispanic race and ethnicity, with lower educational levels, and who reported
a sexual orientation other than homosexua or gay were significantly less knowledgeable about HIV transmission dynamics.
Increasing levels of knowledge about this domain were independently associated with testing in the past year (adjusted odds ratio
for each additional correct response: 1.10, 95% CI 1.01-1.20) but not with recent CAS. Increasing knowledge about HIV
epidemiology was not associated with either outcome.

Conclusions: Increasing detailed knowledge about HIV epidemiology might not be as important as educating sexually active
GBMSM regarding transmission dynamics. Researchers and practitioners designing prevention messages targeting GBMSM
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should bear in mind that not all knowledgeis equal and that some aspects might have a greater positiveimpact than others. Future
research to identify influential content and contemporary modes of delivery is needed.

(JMIR Public Health Surveill 2017;3(1):e11) doi:10.2196/publichealth.7255

KEYWORDS

HIV infections; sexual minorities; socia networking; risk reduction behavior; sexual behavior

Introduction

Gay, bisexual, and other men who have sex with men (GBM SM)
continueto bear the greatest burden of human immunodeficiency
virus (HIV) in the United States. From 2005 to 2014, HIV
diagnoses in this risk group increased by 6%, driven
predominantly by increases among non-Hispanic black or
African American and Hispanic GBM SM [1]. Two-thirds (67%)
of the total estimated 44,073 new diagnoses in 2014 were
attributable to male-to-male sexual contact [2]. According to a
recent analysis, 15% of the approximately 4.5 million GBMSM
in the United States are living with HIV, and the prevalencein
this community is estimated to be as high as 57.5 times that of
other US men [3]. Given these trends, allocating resources
toward high-impact HIV prevention services for GBMSM and
improving outcomes at every step of the care continuum have
been recognized as national priorities by the White House [4].

Despite significant advancesin our understanding of biomedical
approaches to reduce HIV transmission, such as preexposure
prophylaxis (PrEP) [5], actua utilization among high-risk
individuals has been suboptimal. Data from the 2014 National
HIV Behavioral Surveillance (NHBS) system indicate that only
3% of 6847 HIV-negative GBMSM reported taking PrEP in
the preceding year [6]. Mathematical modeling suggests that
40% coverage among GBMSM indicated for PrEP could avert
up to 33% of incident HIV infections over the next 10 years
[7]. Treatment as prevention (TasP) is another strategy that has
been shown to reduce sexual transmission from people living
with HIV by more than 96% [8]. Although there have been
recent improvements in antiretroviral therapy prescription and
viral suppression among GBMSM, racial and ethnic disparities
persist [9].

HIV testing itself may be considered an important prevention
activity, asit is the critical first step in accessing prophylactic
services among at-risk individuals [10] and for initiating
antiretroviral therapy among those who are living with HIV.
Unfortunately, many GBMSM in the United States do not test
annually, as recommended by the Centers for Disease Control
and Prevention (CDC) [11]. Almost a third (29%) of 8243
GBMSM participating in the 2014 NHBS reported not having
been tested in the past year, and a quarter (25%) of 1888
GBMSM living with HIV were unaware of their serostatus [6].
Perhaps even more troubling is the increasing prevalence of
high-risk sexua behavior in this community. The overall
proportions of GBM SM who reported engaging in condomless
anal sex (CAS) with amale partner within 12 months preceding
their NHBS interview were 48% in 2005, 54% in 2008, 57%
in 2011, and 64% in 2014 [6,12].

http://publichealth.jmir.org/2017/1/e11/

Interventionsto prevent HIV transmission have been guided by
several theoretical approaches, including the
information-motivation-behavioral skillsmodel [13], the AIDS
risk reduction model [14], thetranstheoretical model of behavior
change [15], the health belief model [16], and social cognitive
theory [17]. According to theinformation-motivation-behavioral
skills model for individual-level changesin HIV risk behavior,
risk reduction can be conceptualized as a function of people’'s
information about HIV, their motivation to reduce risk, and
their behavioral skills to successfully undertake specific
prevention activities. A pivotal construct of this model is
information, which refersgeneraly to anindividual’ sknowledge
about HIV that might include how the disease develops, its
expected course, and effective strategies for its prevention and
management [18].

Although knowledge around HIV has been the cornerstone of
public health research throughout the epidemic, measurements
of knowledge have traditionally focused on whether one has
ever heard about HIV [19] and being aware of the most common
routes of spread [20,21]. Surveys seeking to measure multiple
dimensions of HIV awareness have also been developed for
college students. For example, the Attitudes Toward AIDS Scale
uses atrue-falseformat to tap basic knowledge about prevalence,
medical facts, misconceptions, transmission, and prevention
methods [22], and the International AIDS Questionnaire uses
a 5-point Likert item format to capture increasing levels of
agreement with myths and facts about transmission and
statements evaluating attitudes toward people living with HIV
[23]. However, we are not aware of previous research that has
assessed the extent of detailed knowledge about HIV
epidemiology and transmission dynamics specifically among
GBMSM in the United States and how these domains might
relate to preventive and high-risk sexual behaviors.

Using a large national sample of sexualy active GBMSM, we
sought to quantify levels of detailed HIV knowledge (such as
publicly available statistics on disease burden and distribution
and per-act transmission probabilities) and to describe variations
across strata of demographic characteristics. Furthermore, we
sought to evaluate potential associations of increasing levels of
detailed knowledge about HIV epidemiology and transmission
dynamics with HIV testing history and with recently engaging
in CAS with a male partner. Understanding these issues can
help guide future HIV education and prevention efforts in the
United States, particularly among disproportionately affected
subgroups of GBMSM.

Methods

Participants were recruited through selective placement of
banner advertisements featured on asocia networking website
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(Facebook from August to September 2015. Recruitment was
targeted toward user profiles that were male, 18 years of age or
older, resided within the United States, and reflected a variety
of gay or bisexual-related interests. Within the advertising
management software, “interests’ represent topical categories
of information that users have accessed through posts on their
timeline, keywords from pages they have liked, as well as
advertisements they have clicked on previoudly. In our case,
potential participants' interests could have been broad in scope
(eg, leshian, gay, bisexual, and transgender community,
same-sex marriage) or specific (eg, BuzzFeed LGBT, Out
Magazine). Rather than focusing solely on men who indicated
they were interested in other men in their Facebook profiles,
interest-based targeting allowed for the possibility of recruiting
GBMSM who were not out to their families or friends. The
advertisementsincluded images of men kissing or holding hands,
the survey title (“The Prioritizing U survey: Tell us what
matters’), aswell asthefollowing call-to-action text: “Help the
University of Michigan understand what’simportant to you and
your health.” Individuals who clicked through the banner
adverti sements were directed to a Web-based informed consent
module, and those who consented were screened to determine
eligibility before being administered a Web-based survey. The
eligibility criteriafor the study included reporting a male gender
identity, being 18 years of age or older, currently residing within
the United States, and having sex with amale partner in the past
6 months. No monetary incentives were provided to the
participantsfor completing our survey. Ethical approval for this
study was obtained from the University of Michigan's
Institutional Review Board.

Demographic information collected from al participants
included their age, race and ethnicity, educational level,
employment status, sexual orientation, relationship status, and
state of residence. Participants were also asked to report the
number of people that they personally knew who were living
with HIV and those who had died of HIV-related complications.
Severd questionswere used to dicit information on participants
HIV testing history and recent potentially high-risk sexual
behavior. Responses for “Have you ever been tested for HIV,
the retrovirus that causes AIDS?’ and “When were you last
tested for HIV?" were combined to construct a dichotomous
variable: tested for HIV in the past year versus not. Data on the
number of male anal sex partnersin the past 3 months, sexual
positioning (insertive or receptiverole), and condom use during
each encounter were used to construct another dichotomous
variable: engaged in CAS in the past 3 months versus not.
Finally, participantswere asked aseries of 17 knowledge-based
guestions pertaining to the following 2 domains: HIV
epidemiology (9 multiple-choice questions including statistics
on the incidence, prevalence, and distribution in different
populations) and HIV transmission dynamics (8 multiple-choice
questions including common modes of spread and per-act
transmission probabilities). These domains were selected
because their factual details are readily available to the public
on CDC'sHIV website. Our knowledge-based questions along
with their response options are presented in Multimedia
Appendices 1 and (HIV epidemiology and HIV transmission
dynamics, respectively). For analytical purposes, ordinal
domain-specificindices of detailed knowledge were created for
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each respondent by summing their number of correct responses,
in a manner similar to previous studies [24,25]. Given their
ordinal nature, the Spearman rank correlation coefficient was
calculated to assess any potential relationship between the 2
indices.

Statistical analyseswere conducted using SASversion 9.4 (SAS
Ingtitute Inc). Because of our focus on whether detailed HIV
knowledge influences preventive and risky sexua behaviors
among at-risk GBMSM, we restricted our anayses to
participants who reported being HIV-negative or of unknown
status, had anal sex with a male partner in the past 3 months,
and answered all knowledge-based questions. Selected
demographic and behavioral characteristics were summarized
using descriptive statistics. The proportions of participants, who
reported testing for HIV in the past year and engaging in CAS
in the past 3 months, were estimated within strata of response
validity for each knowledge-based question. Separate cumul ative
logit models were used to identify factors independently
associated with each of the ordinal domain-specific indices of
detailed knowledge. Finally, 2 multivariablelogistic regression
model swere used to characteri ze associations of domain-specific
knowledge levels with HIV testing and with recently engaging
in CAS, after controlling for several potential confounders. Each
model included the following covariates. detailed HIV
epidemiology knowledge (ordinal), detailed HIV transmission
dynamics knowledge (ordinal), age group (18-34, 35-54, =55
years), race and ethnicity (non-Hispanic white, non-Hispanic
non-white, Hispanic), educational level (associate's or technical
degree or lower, bachel or’s degree, master’s or doctoral degree),
employment status (work full-time, work part-time, other),
sexual orientation (homosexual or gay, other), relationship status
(single, partnered: monogamous, partnered: open relationship),
region (West, Midwest, Northeast, South), know people living
with HIV (no, yes: 1-2 people, yes: >3 people), and know people
who died of HIV-related complications (no, yes: 1-2 people,
yes. =3 people). Assessments for potential multicollinearity
issues between explanatory variables were conducted by
examining condition indices and variance decomposition
proportions [26]. Results from all models are presented as
adjusted odds ratios with their 95% Cls.

Results

Overall, 352,997 advertising impressions resulted in 14,968
click-throughsto the survey landing page over a4-week period.
Of these, 5968 proceeded to the Web-based consent form, and
3734, who provided consent, were screened for eligibility. Our
final analytical sample was restricted to 1064 of 2161 eligible
study participants who provided data on their HIV testing
history, reported they were not living with HIV, volunteered
information on engaging in anal sex with amale partner in the
past 3 months, and answered all 17 knowledge-based questions
pertaining to HIV epidemiology and transmission dynamics
(see Figure 1). Excluded individuals were more likely to have
lower levels of education and to report an orientation other than
homosexual or gay but were similar with respect to other
demographic characteristics.
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Table 1 summarizes the descriptive characteristics of 1064
participantsincluded in our analyses. Mgjority of the participants
were middle-aged (mean 45 years, median 49 years), were
non-Hispanic white, had an associate’s or technical degree or
lower educational level, and worked full-time. Almost two-thirds
(60.34%, 642/1064) reported having a primary male partner
(described as* Someoneyou feel committed to aboveall others.
You might call this person your boyfriend, partner, significant
other, spouse, or husband.”). More than a third (38.82%,
413/1064) reported personally knowing =3 people living with
HIV, and a third (32.99%, 351/1064) reported knowing >3
people who died of HIV-related complications.

http://publichealth.jmir.org/2017/1/e11/
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Regarding participants HIV testing history, half (49.62%,
528/1064) reported having been tested in the past year, 317
(60.04%) of whom had been tested in the past 6 months. Of the
1064 participants, 136 (12.78%) had never been tested for HIV.
Additionally, almost half (47.84%, 509/1064) of our sample
reported engaging in CAS in the past 3 months. Of these 509
participants, 321 (63.06%) had CAS with 1 man, 49 (9.63%)
had CASwith 2 men, and 139 (27.31%) had CASwith >3 men.
Regarding sexual positioning, 221 (43.42%) engaged in both
insertive and receptive CAS, 137 (26.92%) engaged in only
insertive CAS, and 151 (29.67%) engaged in only receptive
CAS.
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Table 1. Descriptive characteristics of 1064 HIV-negative or unknown status gay, bisexual, and other men who have sex with men, United States,
August-September 2015.

Characteristic Frequency and percentageé  Tegted for HIV®inthepast ~ Engaged in CASC in the past
distribution, year (n=528), 3 months (n=509),
n (%) n (9%)° n (%)°

Age group, years®

18-34 315 (29.6) 184 (58.4) 188 (59.7)

35-54 435 (40.9) 212 (48.7) 212 (48.7)

255 314 (29.5) 132 (42.0) 109 (34.7)
Race and ethnicity

Non-Hispanic white 852 (80.1) 387 (45.4) 411 (48.2)

Non-Hispanic non-white' 94 (8.8) 57 (60.6) 42 (44.7)

Hispanic 118 (11.1) 84 (71.2) 56 (47.5)

Educational level

Associate's or technical degree or lower? 457 (43.0) 223 (48.8) 224 (49.0)
Bachelor’s degree 336 (31.6) 161 (47.9) 164 (48.8)
Master’s or doctoral degree 271 (25.5) 144 (53.1) 121 (44.6)

Employment status

Work full-time 778 (73.1) 390 (50.1) 397 (51.0)

Work part-time 121 (11.4) 63 (52.1) 59 (48.8)

Other" 165 (15.5) 75 (45.5) 53 (32.1)
Sexual orientation

Homosexual or gay 897 (84.3) 453 (50.5) 451 (50.3)

Other' 167 (15.7) 75 (44.9) 58 (34.7)
Relationship status

Single 422 (39.7) 223 (52.8) 139 (32.9)

Partnered: monogamou§ 462 (43.4) 185 (40.0) 274 (59.3)

Partnered: open relationshipX 180 (16.9) 120 (66.7) 96 (53.3)
Region

West 232 (21.8) 134 (57.8) 108 (46.6)

Midwest 269 (25.3) 118 (43.9) 133 (49.4)

Northeast 195 (18.3) 83 (42.6) 93 (47.7)

South 368 (34.6) 193 (52.4) 175 (47.6)
Know peoplelivingwith HIV

No 356 (33.5) 143 (40.2) 143 (40.2)

Yes: 1-2 people 295 (27.7) 143 (48.5) 158 (53.6)

Yes: =3 people 413 (38.9) 242 (58.6) 208 (50.4)
K now peoplewho died of HIV-related complications

No 458 (43.0) 244 (53.3) 242 (52.8)

Yes: 1-2 people 255 (24.0) 119 (46.7) 130 (51.0)

Yes: =3 people 351 (33.0) 165 (47.0) 137 (39.0)

3H1V: human immunodeficiency virus.
bPercentag;]as indicate the proportion who had been tested for HIV in the past year within each stratum of demographic and behavioral characteristics.
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®CAS: condomless anal sex.
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dPer(:entageﬁ indicate the proportion who engaged in CASin the past 3 months within each stratum of demographic and behavioral characteristics.

€Age: mean 45 years, median 49 years, range 18-87 years.

fIncludes 30 non-Hispanic black or African American, 18 Asian, 12 Native American or Alaskan Native, 2 Native Hawaiian or Pacific Islander, and

32 other.

9Includes 110 with an associate's or technical degree, 261 with some college education, 77 with ahigh school diplomaor General Educational Development

(GED), and 9 with some high school education.

M ncludes 78 retired, 30 unemployed, 26 who are collecting disability, 18 students, and 13 other.
"Includes 139 bisexual, 10 heterosexual or straight, 13 questioning or unsure, 2 queer, and 3 other.
Described as “ You and your partner are exclusively having sex with one another.”

KIncludes 150 in an open relationship with restrictions (described as “ You and your partner are allowed to have sex with other people but under certain
rules”) and 30 in an open relationship without restrictions (described as “You and your partner are allowed to have sex with other people without

rules”).

Individual questions assessing participants detailed knowledge
about HIV epidemiology and transmission dynamics (with
answers) are presented in Tables 2 and 3, respectively. The
proportion of correct responses sel ected for questions pertaining
to epidemiology ranged from 20.86% (for question 8) to 57.33%
(for question 9). Majority (26.88%, 286/1064) of the participants
scored 3 of 9 epidemiology questions correct (median 3, range
0-8). The proportion of correct responses sel ected for questions
pertaining to transmission dynamics ranged from 21.05% (for

http://publichealth.jmir.org/2017/1/e11/

RenderX

guestion 4) to 68.98% (for question 5). Majority (25.00%,
266/1064) of the participants scored 5 of 8 transmission
dynamics questions correct (median 4, range 0-7). Similar
proportions reported testing for HIV in the past year and
engaging in CAS in the past 3 months within each stratum of
responsevdidity for almost al questions. The 2 domain-specific
indices of detailed knowledge were not correlated (Spearman
rank correlation coefficient=.03, P=.28).
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Table 2. Detailed knowledge about HIV epidemiology among 1064 HIV-negative or unknown status gay, bisexual, and other men who have sex with
men, United States, August-September 2015.

Questions assessing detailed knowledge about HIV? epidemiol ogy Validity of selected  Tested for HIV inthe  Engagedin CASCinthe past
(correct answer) résponse, past year (n=528), 3 months (n=509),

n (%) n (%)° n (%)

1. Approximately how many peoplein the United States are newly
infected with HIV each year ? (50,000)

Correct 250 (23.5) 124 (49.6) 115 (46.0)
Incorrect 814 (76.5) 404 (49.6) 394 (48.4)

2. Approximately how many peoplein the United Statesarecurrently
living with HIV? (1.2 million)

Correct 531 (49.9) 264 (49.7) 256 (48.2)
Incorrect 533 (50.1) 264 (49.5) 253 (47.5)

3. What percentage of all those livingwith HIV in the United States
do not know that they areinfected? (14%)

Correct 287 (27.0) 140 (48.8) 134 (46.7)
Incorrect 777 (73.0) 388 (49.9) 375 (48.3)

4. Even though men who have sex with men comprise only 2% of
the United States population, what proportion of new HIV infections
did they account for annually from 2008-2010? (3/4)

Correct 302 (28.4) 154 (51.0) 150 (49.7)
Incorrect 762 (71.6) 374 (49.1) 359 (47.1)

5. Even though African Americanscompriseonly 12% of the United
States population, what percentage of new HIV infections did they
account for in 2010? (44%)

Correct 427 (40.1) 210 (49.2) 214 (50.1)
Incorrect 637 (59.9) 318 (49.9) 295 (46.3)

6. Even though young people aged 13-24 year s comprise only 16%
of the United States population, what percentage of new HIV infec-
tions did they account for in 2010? (26%)

Correct 506 (47.6) 257 (50.8) 243 (48.0)
Incorrect 558 (52.4) 271 (48.6) 266 (47.7)

7. Who had the highest percentage of newly identified HIV-positive
test resultsin 20107 (Transgender individuals or those who do not
identify with their assigned sex at birth)

Correct 230 (21.6) 112 (48.7) 123 (53.5)
Incorrect 834 (78.4) 416 (49.9) 386 (46.3)

8. Specifically among young peopleaged 13-24 year s, what per centage
of all new HIV infections did young men who have sex with men ac-
count for in 2010? (72%)

Correct 222 (20.9) 116 (52.3) 116 (52.3)
Incorrect 842 (79.1) 412 (48.9) 393 (46.7)
9. Among gay and bisexual men in 2013, accounted for the
largest estimated percentage of HIV diagnoses followed by
and . (African Americans, Whites, Hispanicsor Latinos)
Correct 610 (57.3) 324 (53.1) 305 (50.0)
Incorrect 454 (42.7) 204 (44.9) 204 (44.9)

8H1V: human immunodeficiency virus.
bPercentag;]% indicate the proportion who had been tested for HIV in the past year within each stratum of response validity.
°CAS: condomless anal sex.
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dPercentag% indicate the proportion who engaged in CASin the past 3 months within each stratum of response validity.

Table 3. Detailed knowledge about HIV transmission dynamics among 1064 HIV-negative or unknown status gay, bisexual, and other men who have
sex with men, United States, August-September 2015.

Questionsassessing detailed knowledge about HIV2transmission dynamics  Validity of selected re-  Tested for HIV inthe  Engagedin CASCinthe
(correct answer) Sponse, past year (n=528), past 3 months (n=509),

n (%) n (%)° n (%)

1. Theestimated probability of HIV infection per-act of receptiveanal
inter cour se (receiving the penisinto the anus, also known as bottom-

ing) without any means of prevention is per 10,000 exposures.

(138)

Correct 486 (45.7) 254 (52.3) 233 (47.9)
Incorrect 578 (54.3) 274 (47.4) 276 (47.8)

2. Theestimated probability of HIV infection per-act of insertiveanal
inter cour se (inserting the penisinto the anus, also known astopping)

without any means of prevention is per 10,000 exposures. (11)
Correct 493 (46.3) 252 (51.1) 238 (48.3)
Incorrect 571 (53.7) 276 (48.3) 271 (47.5)

3. The estimated probability of HIV infection per-act of receptive
vaginal intercour se (receiving the penisinto the vagina) without any

means of prevention is per 10,000 exposures. (8)
Correct 348 (32.7) 170 (48.9) 160 (46.0)
Incorrect 716 (67.3) 358 (50.0) 349 (48.7)

4. The estimated probability of HIV infection per-act of insertive
vaginal intercour se (inserting the penisinto the vagina) without any

means of preventionis____ per 10,000 exposures. (4)

Correct 224 (21.1) 106 (47.3) 105 (46.9)
Incorrect 840 (78.9) 422 (50.2) 404 (48.1)
5. The estimated probability of acquiring HIV from kissing without

any meansof preventionis____ per 10,000 exposures. (0)

Correct 734 (69.0) 379 (51.6) 366 (49.9)
Incorrect 330 (31.0) 149 (45.2) 143 (43.3)

6. The estimated probability of acquiring HIV from needle-sharing
during injection drug use without any means of prevention is
per 10,000 exposures. (63)

Correct 707 (66.4) 359 (50.8) 343 (48.5)
Incorrect 357 (33.6) 169 (47.3) 166 (46.5)
7. The estimated probability of acquiring HI'V from a mosquito bite

without any means of preventionis____ per 10,000 exposures. (0)

Correct 653 (61.4) 338 (51.8) 310 (47.5)
Incorrect 411 (38.6) 190 (46.2) 199 (48.4)

8. What isthe probability of acquiring HIV from receptiveor insertive
oral sex without using any means of prevention? (Extremely low)

Correct 676 (63.5) 345 (51.0) 337 (49.9)
Incorrect 388 (36.5) 183 (47.2) 172 (44.3)

8H1V: human immunodeficiency virus.

bPer(:entageﬁ indicate the proportion who had been tested for HIV in the past year within each stratum of response validity.
°CAS: condomless anal sex.

dPercentages indicate the proportion who engaged in CASin the past 3 months within each stratum of response validity.

Table 4 presents results from our cumulative logit modelsused  domain-specific indices of detailed knowledge. Regarding
to identify factors independently associated with each of the detailed HIV epidemiology knowledge, participants with a
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master’s or doctoral degree were significantly more likely to
have higher knowledge levels compared with those with an
associate’'s or technical degree or lower educational level.
However, relative to participants residing in the West of the
United States, those from the Midwest and the Northeast were
significantly less knowledgeabl e about this domain. Regarding
detailed HIV transmission dynamics knowledge, participants
aged =35 years were significantly more likely to have higher
knowledge levels compared with those who were younger.
Similar findingswere observed for participantswith abachelor’s

http://publichealth.jmir.org/2017/1/e11/
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degree or higher educational level versus a lower educational
level and for those who personally knew =3 people living with
HIV versus none. However, non-Hispanic non-white and
Hispanic participants were significantly less knowledgeable
about HIV transmission dynamics compared with non-Hispanic
whites. Finally, relative to participants who reported being
homosexual or gay, those who reported some other sexual
orientation were also significantly less knowledgeable about
this domain.

JMIR Public Health Surveill 2017 | vol. 3 |iss. 1 el1 | p.130
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

Sharmaet al

Table 4. Factors independently associated with detailed knowledge about HIV epidemiology and transmission dynamics among 1064 HIV-negative
or unknown status gay, bisexual, and other men who have sex with men, United States, August-September 2015.

Characterisic Detailed HIV/2 epidemiology knowl edgeb Detailed HIV transmission dynamics
aOR°® (95% CI) knowledoe’
aOR (95% Cl)
Agegroup, years®
18-34 Reference Reference
3554 0.79 (0.59-1.07) 1.48 (1.10-2.0)f
>55 0.70 (0.50-1.00)

Race and ethnicity
Non-Hispanic white
Non-Hispanic non-white?
Hispanic

Educational level

Associate's or technical degree or lower"

Bachelor’s degree
Master’s or doctoral degree

Employment status
Work full-time
Work part-time
Other'
Sexual orientation
Homosexual or gay
Other!
Relationship status
Single
Partnered: monogamousk

Partnered: open relationshi pI
Region

West

Midwest

Northeast

South
Know people livingwith HIV
No
Yes: 1-2 people
Yes: =3 people
Know people who died of HIV-related complications
No
Yes: 1-2 people

Yes: 23 people

Reference
1.11 (0.75-1.63)

0.90 (0.63-1.28)

Reference

1.01 (0.78-1.30)

1.36 (1.04-1.79)

Reference
0.72 (0.50-1.04)
0.73(0.53-1.00)

Reference
0.82(0.60-1.13)

Reference
1.00 (0.78-1.28)

1.34 (0.97-1.85)

Reference
0.71 (0.52-0.97)f

0.71 (0.50-0.99)f
0.91 (0.68-1.22)

Reference
0.89 (0.67-1.17)
0.95(0.71-1.27)

Reference
0.85(0.63-1.15)
0.95(0.69-1.31)

1.56 (1.10-2.21)"

Reference
0.63 (0.43-0.92)f

0.70 (0.49-0.99)'

Reference

1.74 (1.35-2.25)"

2.41(1.82-3.17)f

Reference
0.80 (0.55-1.14)
1.06 (0.77-1.45)

Reference

0.57 (0.41-0.78)"

Reference
0.90(0.70-1.15)

0.99 (0.72-1.36)

Reference

0.86 (0.63-1.18)
0.80 (0.57-1.13)

0.95 (0.71-1.28)

Reference

1.11 (0.83-1.47)

1.76 (1.31-2.36)"

Reference
0.98(0.73-1.32)
0.80 (0.58-1.10)

8H1V: human immunodeficiency virus.
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POrdinal index created by summing the number of correct responses on questions pertaining to HIV epidemiology. Majority (26.88%, 286/1064) of

participants scored 3 of 9 questions correct (median 3, range 0-8).
Ca0R: adjusted odds ratio.

dOrdinal index created by summing the number of correct responses on questions pertaining to HIV transmission dynamics. Mgjority (25.00%, 266/1064)

of participants scored 5 of 8 questions correct (median 4, range 0-7).
€Age: mean 45 years, median 49 years, range 18-87 years.
MThese results indicate a statisti caly significant association.

9Includes 30 non-Hispanic black or African American, 18 Asian, 12 Native American or Alaskan Native, 2 Native Hawaiian or Pacific Idander, and

32 other.

PIncludes 110 with an associate's or technical degree, 261 with some college education, 77 with ahigh school diplomaor General Educational Devel opment

(GED), and 9 with some high school education.

iIncludes 78 reti red, 30 unemployed, 26 who are collecting disability, 18 students, and 13 other.
JIncludes 139 bisexual, 10 heterosexual or straight, 13 questioning or unsure, 2 queer, and 3 other.
KDescribed as* You and your partner are exclusively having sex with one another.”

lIncludes 150 in an open relationship with restrictions (described as “ You and your partner are allowed to have sex with other people but under certain
rules””) and 30 in an open relationship without restrictions (described as “You and your partner are allowed to have sex with other people without

rules”).

Results from our multivariable logistic regression models used
to characterize associations of domain-specific knowledge levels
with HIV testing in the past year and with engaging in CASin
the past 3 months are summarized in Table 5. After adjusting
for other characteristics, increasing levels of detailed knowledge
about HIV epidemiol ogy were not significantly associated with
either of these analytical outcomes. However, increasing levels

of detailed knowledge about HIV transmission dynamics were
significantly associated with HIV testing in the past year. For
each additional correct response to questions in this domain,
the adjusted odds of reported testing increased by 10%. Finally,
increasing levels of detailed knowledge about HIV transmission
dynamics were not significantly associated with recently
engaging in CAS.

http://publichealth.jmir.org/2017/1/e11/ JMIR Public Health Surveill 2017 | val. 3|iss. 1 |ell | p.132

(page number not for citation purposes)

RenderX


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

JMIR PUBLIC HEALTH AND SURVEILLANCE Sharmaet al

Table5. Factorsindependently associated with testing for HIV in the past year and engaging in condomless anal sex in the past 3 months among 1064
HIV-negative or unknown status gay, bisexual, and other men who have sex with men, United States, August-September 2015.

Characteristic Tested for HIV2in the past year Engaged in CAS® in the past 3 months

aORP (95% Cl)

aOR (95% Cl)

Detailed HIV epidemiology knowledged
Detailed HIV transmission dynamics knowledge®
Age group, years?
18-34
35-54
=55
Race and ethnicity
Non-Hispanic white
Non-Hispanic non-white”
Hispanic
Educational level
Associate's or technical degree or lower
Bachelor’s degree
Master’s or doctoral degree
Employment status
Work full-time
Work part-time
Other!
Sexual orientation
Homosexual or gay
Other*
Relationship status
Single
Partnered: monogamou§
Partnered: open relationship™
Region
West
Midwest
Northesst
South
Know people living with HIV
No
Yes: 1-2 people
Yes: 23 people
Know people who died of HIV-related complications
No
Yes: 1-2 people

1.01 (0.93-1.12)

1.10 (1.01-1.20)"

Reference
0.53 (0.37-0.77)f

0.44 (0.29-0.67)f

Reference
1.81 (1.13-2.90)f

2.67 (1.70-4.18)"

Reference

0.92 (0.67-1.26)
1.20 (0.85-1.68)

Reference
1.06 (0.69-1.65)
1.04 (0.71-1.53)

Reference
0.93(0.63-1.36)

Reference
0.57 (0.42-0.76)'

1.79 (1.21-2.66)f

Reference
0.59 (0.40-0.87)f

0.61 (0.40-0.92)"
0.84 (0.59-1.20)

Reference
1.59 (1.13-2.24)

3.05 (2.12-4.40)f

Reference

0.84 (0.59-1.21)

1.06 (0.97-1.17)

1.05 (0.96-1.15)

Reference
0.46 (0.32-0.67)'

0.33 (0.22-0.52)f

Reference

0.82 (0.51-1.30)

0.82 (0.54-1.26)

Reference

0.76 (0.56-1.04)
1.77 (0.54-1.08)

Reference

0.90 (0.58-1.40)

0.55 (0.37-0.83)"

Reference
0.81(0.54-1.20)

Reference
3.10 (2.30-4.19)'

2.34 (1.59-3.45)f

Reference

1.11 (0.76-1.63)
1.10 (0.73-1.67)

1.02 (0.71-1.45)

Reference
2.05 (1.45-2.91)'

2.27 (1.57-3.29)f

Reference

0.99 (0.69-1.42)
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Characteristic Tested for HIVZin the past year

aOR® (95% CI)

Engaged in CASC in the past 3 months
aOR (95% Cl)

Yes: 23 people 0.68 (0.46-1.01) 0.63 (0.42-0.93)"

8H1V: human immunodeficiency virus.
baOR: adjusted odds ratio.
°CAS: condomless anal sex.

dordinal index created by summing the number of correct responses on questions pertaining to HIV epidemiology. Majority (26.88%, 286/1064) of
participants scored 3 of 9 questions correct (median 3, range 0-8).

€Ordinal index created by summing the number of correct responses on questions pertaining to HIV transmission dynamics. Majority (25.00%, 266/1064)
of participants scored 5 of 8 questions correct (median 4, range 0-7).

MThese resultsin italics indicate adtatistically significant association.
9Age: mean 45 years, median 49 years, range 18-87 years.

PIncludes 30 non-Hispanic black or African American, 18 Asian, 12 Native American or Alaskan Native, 2 Native Hawaiian or Pacific Islander, and
32 other.

iIncludes 110 with an associate's or technical degree, 261 with some college education, 77 with ahigh school diplomaor General Educational Devel opment
(GED), and 9 with some high school education.

IIncludes 78 retired, 30 unemployed, 26 who are collecting disability, 18 students, and 13 other.
KIncludes 139 bisexual, 10 heterosexual or straight, 13 questioning or unsure, 2 queer, and 3 other.
'Described as“ You and your partner are exclusively having sex with one another.”

M| ncludes 150 in an open relationship with restrictions (described as “ You and your partner are allowed to have sex with other people but under certain
rules”) and 30 in an open relationship without restrictions (described as “You and your partner are allowed to have sex with other people without
rules”).

Figure 1. Formulation of the analytical sample of 1064 HIV-negative or unknown status gay, bisexual, and other men who have sex with men (GBMSM)),
United States, August-September 2015.
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286 (13.23%) who did not provide data
on engaging in anal sex with a male
partner in the past 3 months

461 (21.33%) who did not answer all 17
knowledge-based questions pertaining to
HIV epidemiology and transmission
dynamics
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Discussion

Principal Findings

Our study found substantial variations in the levels of detailed
HIV knowledge across strata of Web-using GBMSM in the
United States. Demographic differenceswere more pronounced
in the knowledge domain of HIV transmission dynamics
compared with HIV epidemiology. Younger participants, racial
and ethnic minorities, those with a lower educationa level,
thosewho did not identify ashomosexual or gay, and those who
personally knew fewer than 3 people living with HIV were
significantly less knowledgeable about HIV transmission
dynamics. Inlight of our result that increasing levelsof detailed
knowledge about this domain were positively associated with
testing for HIV in the past year, directing prevention education
efforts toward subgroups of GBMSM that might be currently
underserved could help improve testing behavior. However, the
lack of an association with engaging in CASin the past 3 months
in our sample suggests that increasing HIV transmission
dynamics knowledge might not be sufficient in reducing risky
sexual behavior. Our results also suggest that educating
GBMSM about specific details regarding HIV epidemiology
might not confer a public health benefit.

PrEP and TasP are promising biomedica strategies for
preventing incident HIV infections among high-risk persons
[8,10]. HIV testing is the gateway to accessing these services,
and regular testing among at-risk populations needs to be
prioritized. Current national recommendations state that all
sexualy active GBMSM should be tested for HIV at least
annually [11], and those who have multiple partnersor useillicit
drugs concurrent with sexual activity might benefit from more
frequent screening, such as every 3 to 6 months [27]. The fact
that only half of our sample reported having been tested in the
past year is disconcerting. This estimate is considerably lower
than the 2014 NHB S wherein more than two-thirdsof GBMSM
interviewed had been tested for HIV in the preceding 12 months
[6]. Additionally, more than 1 in 10 participants in our study
reported never having been tested, highlighting the need to
promote novel and effective approaches to increase prevention
service utilization in this community.

Our findings suggest that increasing GBMSM'’s detailed
knowledge about HIV transmission dynamics (including
common modes of spread and per-act transmission probabilities)
might help improve their testing behavior. Practically, thistask
may be achieved by encouraging them to access publicly
availableinformation on CDC’sHIV website and other federal
Web-based HIV resources. From 2005 to 2014, black or African
American and Hispanic GBMSM aged 13-24 years saw the
steepest increasesin HIV diagnoses of approximately 87% [1].
Given that our younger, racial and ethnic minority participants
were significantly less knowledgeable about HIV transmission
dynamics, targeting these subgroups could potentialy yield
substantial prevention benefits. Previous research with racia
and ethnic minorities hasfound a correl ation between subjective
HIV knowledge and testing [28]. Furthermore, the variety of
acceptabl e testing options now available to GBMSM (eg, rapid
home self-testing, individual voluntary counseling and testing,
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couples HIV testing and counseling) could facilitate both initial
and repeated testing [29]. Regular testing could in turn increase
knowledge about different components of the HIV prevention
tool kit, thereby helping GBMSM protect themselves and their
partners [30].

Regarding high-risk sexual behavior, amost half of our
participants reported having engaged in CAS in the past 3
months, more than athird of whom had 2 or more male partners.
According to arecent meta-analysis, therisk of HIV acquisition
through sexual contact isthe greatest for receptive CAS, ranging
from 102 to 186 per 10,000 exposures [31]. Therefore, it isa
cause for concern that more than a third of our sample had
engaged in receptive CAS in the past 3 months. Besides HIV,
CAS also increases the risk of other sexualy transmitted
diseases such as chlamydia, gonorrhea, and syphilis [32].
Consistent PrEP use has been demonstrated to reduce the risk
of HIV infection among GBMSM by up to 92% [10] but fails
to offer protection against other sexually transmitted diseases.
Although our survey did inquire about current PrEP use, only
254 (24%) participants responded to that particular question,
12 (5%) of whom reported being on PrEP. This estimate is
similar to the national prevalence of PrEP use among GBM SM
in the United States [6].

Our study did not find an association between increasing levels
of detailed knowledge about HIV epidemiology or transmission
dynamics and engaging in CAS in the past 3 months. This
contrastswith previous research among GBM SM that haslinked
greater knowledge concerning HIV with safer sexual practices
[33,34]. Given that those studies used a true-false format to
assess basic knowledge about HIV and associated risk factors,
our findings suggest that agreater awareness of specific factual
details might not be necessary to effect risk reduction. Another
explanation for our null result could bethat theoretical constructs
other than information, such as motivation to practice preventive
behaviors, might be moreinfluential in reducing high-risk sexual
behavior. The information-motivation-behavioral skills model
states that information and motivation could be independent of
each other, as observed when well-informed individual s are not
motivated to change their HIV risk behavior or when persons
who are motivated to practice preventive behaviors are not
particularly well informed [35]. A relatively recent study with
391 at-risk GBMSM found that self-rated motivation was a
significant predictor of CAS, as were behavioral skills such as
keeping condoms nearby, reducing the number of sexual
partners, and discussing safer sex with a partner [36].

Strengthsand Limitations

Strengths of our study include eval uating associ ations of detailed
knowledge pertaining to the separate domains of HIV
epidemiology and transmission dynamics with preventive and
risky sexual behaviors in a large sample of GBMSM.
Participants were recruited through the Web in a time-, cost-,
and resource-efficient manner and represent sexually active
GBMSM from all geographic regions of the United States.
Because our survey was entirely voluntary and could only be
accessed by clicking on our banner advertisements, itisunlikely
that the sameindividual would have responded more than once.
The perceived anonymity of a Web-based environment
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contributes to a greater honesty in reporting sensitive
information, thereby reducing the possibility of social
desirability bias[37]. Considering that the Web has become an
increasingly popular venue among GBMSM to access sexual
health information, including HIV testing resources [38-40],
and to negotiate both high-risk and safe sex [41-43], we believe
that understanding the relationships between these issues is
critical in advancing Web-based HIV prevention effortstargeting
members of this community.

However, we acknowledge there are several limitations to our
study. Caution must be exercised in generalizing resultsto users
of other social networking websites, all Web-using GBMSM,
and those in the genera US population. Our convenience
sampling process yielded a group that was older and
predominantly non-Hispanic white, characteristics that do not
typically reflect persons at highest risk of acquiring HIV.
Nevertheless, the low levels of testing and the high prevalence
of CAS observed in our study highlight the need to engage all
GBMSM in future comprehensive HIV prevention programs.
Although it is surprising that the age distribution was skewed
away from younger individuals, the unfortunate
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underrepresentation of racial and ethnic minority GBMSM in
our sampleisanalogousto previous Web-based research studies
[44)]. Reduced accessto and the use of both basic and high-speed
Web services in this demographic may explain this disparity
[45]. Finally, the cross-sectional nature of our data precludes
drawing firm conclusions about the temporality of the
association between detailed HIV transmission dynamics
knowledge and testing history.

Conclusions

Despite these limitations, our study provides preliminary
evidence regarding whether and how different knowledge
domains relate to preventive and high-risk sexual behaviors
among GBMSM. Increasing detailed knowledge about HIV
epidemiology might not be asimportant as educating those who
are sexualy active regarding transmission dynamics.
Researchersand practitioners designing public health messages
targeting GBM SM should bear in mind that not al knowledge
is equal and that some aspects might have a greater positive
impact than others. Future research to identify more influential
content and contemporary modes of delivery is needed to
generate and disseminate effective HIV prevention messaging.
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Abstract

Background: Although several reports have suggested that patient-generated datafrom Internet sources could be used to improve
drug safety and pharmacovigilance, few studies have identified such data sourcesin Japan. We introduce a unique Japanese data
source: tobyoki, which translates literally as “an account of a struggle with disease”

Objective: The objective of this study was to evaluate the basic characteristics of the TOBY O database, a collection of tobyoki
blogs on the Internet, and discuss potential applications for pharmacovigilance.

Methods: We analyzed the overall gender and age distribution of the patient-generated TOBY O database and compared this
with other external databases generated by health care professionals. For detailed analysis, we prepared separate datasets for
blogs written by patients with depression and blogs written by patients with rheumatoid arthritis (RA), because these conditions
were expected to entail subjective patient symptoms such as discomfort, insomnia, and pain. Frequently appearing medical terms
were counted, and their variations were compared with those in an external adverse drug reaction (ADR) reporting database.
Frequently appearing words regarding patients with depression and patients with RA were visualized using word clouds and word
cooccurrence networks.

Results: Asof June 4, 2016, the TOBY O database comprised 54,010 blogs representing 1405 disorders. Overall, more entries
were written by female bloggers (68.8%) than by male bloggers (30.8%). The most frequently observed disorders were breast
cancer (4983 blogs), depression (3556), infertility (2430), RA (1118), and panic disorder (1090). Comparison of medical terms
observed in tobyski blogs with those in an external ADR reporting database showed that subjective and symptomatic events and
general terms tended to be frequently observed in tobyaki blogs (eg, anxiety, headache, and pain), whereas events using more
technical medical terms (eg, syndrome and abnormal laboratory test result) tended to be observed frequently in the ADR database.
We also confirmed the feasibility of using visualization techniques to obtain insights from unstructured text-based tobyaski blog
data. Word clouds described the characteristics of each disorder, such as “sleeping” and “anxiety” in depression and “pain” and
“painful” in RA.

Conclusions: Pharmacovigilance should maintain a strong focus on patients’ actual experiences, concerns, and outcomes, and
this approach can be expected to uncover hidden adverse event signals earlier and to help us understand adverse events in a
patient-centered way. Patient-generated tobyaki blogsin the TOBY O database showed unique characteristics that were different
from the data in existing sources generated by health care professionals. Analysis of tobyoki blogs would add value to the
assessment of disorders with a high prevalence in women, psychiatric disorders in which subjective symptoms have important
clinical meaning, refractory disorders, and other chronic disorders.
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Introduction

Current Pharmacovigilance

The World Health Organization defines pharmacovigilance
(PV) as the science and activities related to the detection,
assessment, understanding, and prevention of adverse effects
or any other drug-related problems [1]. In this era of what
Edwards calls“information explosion,” we must rethink PV [2]
to effectively incorporate a variety of data sources while
ensuring the timely decision-making that is crucial to avoiding
unnecessary harm caused by adverse events (AES) in real-world
health care practice.

Current PV activitiesdepend heavily on voluntary, spontaneous
AE reports obtained from health care professionals (HCPs). It
is generally accepted that one advantage of spontaneous
reporting isits speed at detecting AE signalsas early aspossible.
However, it is also acknowledged that spontaneous reports by
HCPs alone may not be enough to capture all AE signalsin a
timely fashion. Because some symptomatic A Es can be expected
to be reported only by patients who have firsthand experience
of drug treatment [3], incorporating patient-generated datainto
PV isone of the most important challenges [4]. Several studies
have suggested that self-reporting by patients is useful for
catching AE signds earlier, and many countries have
implemented patient AE reporting schemes[5-8]. The Japanese
regulatory authority started preliminary implementation of a
self-reporting system for patients in March 2012 [9,10];
however, the system is still under development and will require
more time to be used effectively in aroutine PV system [11].

Prior Research on Applying Internet Resourcesin
Pharmacovigilance

Analyzing information on the Internet would add significant
knowledge about public health, as shown in Eysenbach’s study
outlining the framework of infodemiology and infoveillance
[12]. In PV, there has been recent growing interest in utilizing
patient-generated Internet resources such as social media
[13-17]. A survey conducted in 2001 and 2002 in the United
States showed that the Internet is an important resource for the
public; approximately 40% of respondents there obtained
information on health-related topics through Internet sources
[18]. In response to the increasing use of social mediato share
health care information, the US Food and Drug Administration
announced in 2015 that they had started a collaboration with
PatientsLikeMe [19], a patient networking website, to apply
patient-generated data to risk management activities [20]. In
Europe, the Medicines and Healthcare products Regulatory
Agency in the United Kingdom started working with the
WEB-RADR project in 2014 to develop a mobile phone app
that helps HCPs and patients report AEs to national health care
authorities [21]. The European Medicines Agency has aso
released guidelines on good pharmacovigilance practices, of
which Module VI requires companies having the European

http://publichealth.jmir.org/2017/1/e€10/

Union marketing authorization to monitor the Internet or digital
media under their management or responsibility for potential
reports of suspected adverse reactions [22]. These ongoing
efforts are expected to lead to important developments in PV.
Like Americansand Europeans, approximately 39% of Japanese
obtain health information viathe Internet [23]. However, to our
knowledge, no studies have explicitly identified such Japanese
data sources for usein PV.

Patient-Generated Data and Study Objectives

Our motivation was to take the first step toward enhancing PV
by considering the application of patient-generated data sources
in Japan. In this study, we focused on the potential use of
health-related disease blogs called tébyaki. The term tobyoki
translates literally to “an account of a struggle with disease,”
and this form of writing predates the Internet. Although it is
difficult to pinpoint when patients started writing tobyaki, a
sociological study has reported that the number of tobyski has
beenincreasing in Japan sincethe 1970s[24]. Inthese diary-like
accounts, patients record observations about their lives and
diseases in handwritten journals. Recently, some patients have
started sharing their tobyaki as blogs on the Internet.

It has already been suggested that analyzing tobyoki blogs is
useful for understanding patients’ feelings when they receive a
cancer diagnosis|[25], although there was no discussion on their
potential use in PV. In this study, we introduce a growing
database called TOBY O, which isacollection of abroad range
of tobyoki blogs on the Internet [26]. The objective of this
exploratory study was to address the following questions: (1)
what kinds of data elements exist in the TOBY O database? (2)
what are the differences in population distribution between the
TOBYO database and other external databases generated by
HCPs? (3) what kinds of analytic approaches are useful to obtain
insights from the TOBY O database? and (4) can the TOBYO
database be useful for PV?

To achieve our objective, we conducted 2 analyses (Analysis
A and AnalysisB). In Analysis A, we used the whole TOBYO
database to describe data elements and understand the overall
characteristics of this database. In Analysis B, we used a data
subset of selected disorders from the TOBYO database to
explore the usefulness of the database in greater detail. Here,
we focused on depressive disorders and rheumatoid arthritis
(RA) because these conditions were expected to entail subjective
patient symptoms such as discomfort, insomnia, and pain.
Finally, weincluded adiscussion of the potential of the TOBYO
database and practical challenges from the PV perspective.

Methods

Data Source

In this study, we considered health-related tobyoki blogs as a
resource for patient-generated data. Some examples of excerpts
from tobyoki blogs are shown in Table 1. As shown in these
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examples, patients shared information about AEs, drug name,

Table 1. Example of excerpts from tobyski blog.

Matsuda et al

dosage, and AE-related distress.

Name of disorder Excerpt from each tobyaki blog?

| showed my leg with aruptured blister to my doctor. He said it is a side effect of docetaxel and it needs along

After changing clinics, | reduced the number of drugs I’m taking. At first | couldn’t help being nervous, but I'm

feeling well now; morning milnacipran 15 mg, alprazolam 0.4 mg, mid-afternoon al prazolam 0.4 mg (as needed),

Breast cancer

time to be cured. Also, | was advised to avoid secondary infection from this site.
Depression

evening milnacipran 15 mg, aprazolam 0.4 mg. That's all.
Rheumatoid arthritis

Thanks to my second dose of etanercept, the pain in my jointsis completely gone! Because of this dramatic im-

provement, my doctor reduced my prescription of methotrexate to 2 mg/day, and also promised to reduce my
steroids, too. | am really happy because | can escape from the side effects of steroids, which are the hardest thing

for me...

8All entries are translated from Japanese. To protect patient privacy, minor changes were made to texts while maintaining the meaning of original

contexts.

The TOBY O database consisted of a Web-based collection of
tobyoki blogs written in Japanese [26] and maintained by
Initiative Inc (Tokyo, Japan). The overall flow of data in the
TOBYO database is shown in Figure 1. Blogs written in
Japanese were identified and extracted daily from the Internet
using a proprietary crawling method. Before being registered
in the TOBYO database, each tobyoki blog was manually
checked to judge whether it was a tobyaki blog or noise, which
was excluded. Each blog registered to the TOBY O database
met all of thefollowing selection criteria: (1) Language criteria:
blogs written in plain Japanese language without extensive use
of emoticons, symbols, or colloquial expressionswereincluded;
(2) Blogger criteria: blogs written by patients or their families
were included. Blogs not written by patients or their families,
such as those by manufacturers or HCPs who were providing

http://publichealth.jmir.org/2017/1/e€10/

medical care, were excluded (because such blogs generally
described the HCP's records and did not contain a patient
perspective); and (3) Content criteria: blogs containing at least
ten pages of tobyoki entries on patients' actual experienceswere
included. Blogs comprising excerpts from news media, books,
health-related websites, or treatment guidelines were excluded.
Blogs intended for marketing or promotion of commercial
services or religious or political beliefs were also excluded.

Atthetimeof registrationinthe TOBY O database, information
on gender, age at onset, and the primary disorder of each patient
was determined by checking the profile or introduction page of
each tobyoki blog and stored as structured datafor each patient.
Text-based data in tobyoki blogs were stored as unstructured
datafor each patient.
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Figure 1. Overal flow of datain the TOBYO database.(1) This study focuses on tobyaki blogs that are publicly available on the Internet. Generally,
there is a substantial volume of noise (white) unrelated to tobyaki blogs (shaded). (2) Based on selection criteria described in Methods, filtering of
tébyaoki blogsis performed manually, (3) and noise such as blogs written by companies is excluded. (4) Appropriate tobyski blogs are registered in the

TOBY O database and stored for additional analysis.

AnalysisA: Using the Whole TOBYO Database

Demographic Characteristics of the TOBYO Database

To understand the demographic characteristics of the TOBYO
database, structured data el ements such as gender, age at onset,
and freguently mentioned primary disorders were summarized
in contingency tables. We also evaluated demographic
characteristics by comparing population pyramids for the
TOBY O database and 2 external databases generated by HCPs.
The first HCP-generated database was the Japanese Adverse
Drug Event Report (JADER) database maintained by the

http://publichealth.jmir.org/2017/1/e10/
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RenderX

Pharmaceuticals and Medical Devices Agency. It comprised
individual case safety reports (ICSRs) about the occurrences of
serious adverse drug reactions (ADRs) for drugs approved in
Japan. Similar to apreviousreport [27], we obtained the JADER
dataset updated in September 2016 and extracted all ICSRs to
create apopulation pyramid for the JADER database. The other
HCP-generated database was the Japanese health insurance
claims database maintained by Japan Medical Data Center, Ltd
(Tokyo, Japan). It comprised medical claims information
submitted from medical ingtitutions to heath insurance
organizationsfor both corporate employees and their dependents
[28]. Using this database, we created a population pyramid by
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determining the number of patientswho had at |east one record
of drug prescription or disease from January 2011 to December
2015. Asan additional comparison, we used national statistical
surveillance data on all citizens living in Japan and publicly
available through the Japanese government’s website [29].

Distribution of Disordersin the TOBYO Database

To understand the distribution of primary disorders in the
TOBYO database, frequently mentioned disorders were
summarized. The name of each disorder was independently
reviewed by 2 reviewers (ST and MS) and coded using Medical
Dictionary for Regulatory Activities (MedDRA) version 19.1.
MedDRA is awidely used, standardized medical terminology
developed by the International Council for Harmonisation of
Technical Requirements for Pharmaceuticals for Human Use
[30]. Both reviewers had at least two years of experience in
processing and evaluating ICSRs.

Additional Characteristics of the TOBYO Database

We analyzed additional characteristics of tobyski blogs that
might be useful to understand the data. Behavioral characteristics
about writing tobyski blogs, such as the time and day of week
for blog postings, were determined for all postings accompanied
by relevant identifiable information. Continuity of tobyski blogs
was calculated by counting the number of days from the first
entry to the latest update for each patient.

Analysis B: Using Subset of Selected Disordersin the
TOBYO Database

Mining Events Appearing in Tobyoki Blogs

Asdepicted in Figure 2, we applied natural language processing
techniques to unstructured text-based data to prepare each
dataset, which were then analyzed to answer specific questions
(eg, what identifying words are frequently used by a particular
population?). In this study, we extracted 2 different sets of
tobyaki blogs from the TOBY O database, 1 for patients with
depression and 1 for patientswith RA, and we prepared separate
datasets containing all unstructured text written by patientswith
each disorder. We then analyzed the drugs and medical events
mentioned in each dataset.

To process the unstructured text, we first performed a
morphological analysisusing MeCab, an open-source Japanese
segmentation tool [31], to break down each text into words.
Thispreprocessing approach iscommonly used to delimit words
in texts that do not delimit words with spaces, which is a
characteristic of the Japanese language [32]. Because tobyoki

http://publichealth.jmir.org/2017/1/e€10/
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blogs contained many entries unrelated to disease, such asthose
related to everyday life, making the data noisy, we also
identified the 100 most frequently mentioned drugs in each
dataset (depression and RA). Then, for each dataset, we
extracted every sentence containing at |east one of the 100 most
frequently mentioned drugsidentified earlier, and these extracted
sentences were used for subsequent analysis. This approach
enabled us to focus on drug-related contexts rather than on
everyday diary-like content. As mentioned earlier, 2 reviewers
(ST and M S) independently reviewed summary tables containing
the 300 most frequently mentioned words in each dataset
(depression and RA) to identify medical events (eg, name of
symptom, diagnosis, and disorder), which were coded using
MedDRA. Because original descriptions written by patients
tended to have some degree of ambiguity (eg, words such as
suffering, feeling down, feeling unwell), discrepanciesin coding
sometimes occurred between the results of the 2 reviewers. The
reviewers discussed any such discrepancies and determined a
single appropriate Preferred Term in accordance with the
standard guidance for MedDRA coding procedures (MedDRA
Term Selection: Pointsto Consider [33]). Any discrepanciesin
coding results were resolved by discussion.

In addition to identifying medical events frequently observed
in tobyoki blogs, we examined differences in the types and
frequencies of events between tobyski blogs and existing
HCP-generated data sources. For this purpose, we compared
medical termsfrequently observed in tobyoki blogs (asidentified
earlier) and those frequently observed in the JADER database.
Using the JADER database, we first produced separate tables
of the 30 most frequent ADRs reported for 4 biological drugs
approved for RA (adalimumab, etanercept, infliximab, and
tocilizumab were sel ected because they were thefirst 4 biologics
approved in Japan around 2000 and were thus expected to
contain enough data for comparison) and that of the 30 most
frequent ADRs reported for 4 selective serotonin reuptake
inhibitors approved for depression (escitalopram, fluvoxamine,
paroxetine, and sertraline were selected because these were
widely prescribed and also used in the previous study [14]).
Then by comparing theselists of eventsfrom tobyski blogs and
the JADER database, we identified the words appearing in both
databases and those appearing in either database. This focused
comparison based on frequently appearing events enabled us
to highlight the major characteristics of these databases. This
process of review and comparison was carried out independently
by the 2 aforementioned reviewers (ST and MS).
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Figure 2. Work flow for morphological analysis and preparation of datasets.
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Visualization of Tobyoki Blog Contents

Because visualization approaches could be useful for PV, we
used all sentences containing at |east one of the above 100 drugs
to calculate Jaccard coefficients to measure the similarity
between term pairs. Jaccard coefficients index the degree of
cooccurrence between term pairs by showing how much the
terms overlap. For instance, Figure 3 shows the calculation of
the Jaccard coefficient for drug A and verb X [34].

Figure 3. Calculation of the Jaccard coefficient.

|ANX|

](A”X):z'ﬂiIfiﬂ

Using these Jaccard coefficients, we visually represented the
words associated with depression or RA in word clouds. Inthe
word clouds, the size of each word reflected the frequency with
which theword appeared in text (ie, the more frequently aword
appeared, the larger the word was shown in the word cloud).
The colors of each word were randomly assigned and did not
have any meaning. Word clouds could be used in PV to achieve
an initial, intuitive understanding of data. We also created a
word cooccurrence network for patients with RA to evaluate
the occurrence of words in conjunction with the names of 4
biological drugs approved for RA. Word cooccurrence network
analysiscould beusedin PV to exploretermsrelated to specific
drugs.
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Statistical software R, JMP software version 11.2.1 (SAS
ingtitute), and Microsoft Excel were used for the analysis.

Ethics Approval

The study protocol wasreviewed and approved by the nonprofit
MINS Ingtitutional Review Board [35]. The board waived
informed consent because the data source did not contain
personal information. In addition, we presented the data at the
group level rather than at the individual level.

Results

AnalysisA: Using the Whole TOBYO Database

Demographic Characteristics of the TOBYO Database

Asof June4, 2016, thetobyaki blogs aggregated inthe TOBY O
database comprised 54,010 blogs representing 1405 disorders.
The blogs were started from 1994 to 2016, but more than 90%
of them were started from 2005 to 2015.

Asshownin Table 2, information on gender could be identified
in most of the blogs (99.60%, 53,794/54,010). More blogswere
written by female bloggers (68.80%, 37,161/54,010) than by
male bloggers (30.80%, 16,633/54,010). Of approximately 40%
of tobyski blogs in the TOBY O database with information on
age at onset, more than half were written by people less than
50 years old. The peak age at onset was 20-34 years (24.44%,
13,201/54,010), followed by 35-49 years (16.35%, 8830/54,010)
and less than 20 years (16.16%, 8730/54,010).
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Table 2. Distribution of gender and age at onset in TOBY O database.

Matsuda et al

Variable Category All, n (%)2 Male, n (%)2 Female, n (%)% Unknown, n (%)2
Gender 54,010 (100) 16,633 (31) 37,161 (69) 216 (0)
Ageat onset of pri- <19 yearsold 8730 (16) 4045 (24) 4654 (13) 31(14)
mary disorder b

20-34 yearsold 13,201 (24) 2726 (16) 10,460 (28) 15 (7)

35-49 yearsold 8830 (16) 2450 (15) 6371 (17) 9 (4)

50-64 yearsold 2048 (4) 1083 (7) 961 (3) 4(2)

>65 years old 808 (2) 381 (2) 1(2)

426 (1)
Unknown 20,393 (38) 5948 (36) 14,289 (39) 156 (72)

3N umber of blogs equals number of patients. Because of rounding, total values for proportion are not always 100%.
bAge at onset of primary disorder was obtained by checking profile or introductory page of each blog.

We found apparent differences in population distribution
between the TOBY O database and existing data sources such
as the Japanese headlth insurance claims database, JADER
database, and national population statistics (Figure 4). Compared
with national statistics as a standard, the population in the
TOBY O database tended to be younger and contained rel atively

more females than males. In contrast, the population of the
JADER database was older with no particular gender differences
between ages. The health insurance claims database did not
include people older than 75 years, but data for the young to
middle-aged group seemed to be abundant with no particular
gender differences between age groups.

Figure 4. Comparison of population distribution between the TOBY O database and external databases.
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Distribution of Disordersin the TOBYO Database

As shown in Table 3, the most frequently appearing disorders
in the TOBYO database were breast cancer (9.23%,
4983/54,010), depression (6.58%, 3556/54,010), infertility
(4.50%, 2430/54,010), RA (2.07%, 118/54,010), and panic
disorder (2.02%, 1090/54,010). These disorders were observed
more frequently in femaes than in males in the TOBYO
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database. Categorization of disordersaccording to disease organ
groups by a proprietary TOBY O classification system similar
to MedDRA classification showed that the frequently appearing
categories were neoplasms benign, malignant, and unspecified
(31.20%, 16,851/54,010), psychiatric and behavior disorders
(22.84%, 12,334/54,010), kidney, urological, or genital disorders
(8.34%, 4507/54,010), and muscular, bone, or articular disorders
(8.28%, 4471/54,010; Table 4).
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Table 3. Primary disorders frequently described in the TOBY O database.

Name of disorders Corresponding pre-  Gender: al, number ~ Gender: male, Gender: femae, Gender: unknown, num-
ferred term of Med-  of blogsand propor-  number of blogs ~ number of blogs  ber of blogs and propor-
DRA (version 19.1)  tionamong al disor-  and proportion and proportion  tion among each disor-
ders, n (%) among each disor- - amongeachdis-  ger, n (96)2
der, n (%) order, n (%)2
Breast cancer Breast cancer 4983 (9) 6 (0) 4974 (100) 3(0)
Depression Depression 3556 (7) 1467 (41) 2077 (58) 12 (0)
Infertility Infertility 2430 (5) 16 (1) 2411 (99) 3(0)
Rheumatoid arthritis Rheumatoid arthritis 1118 (2) 71 (6) 1045 (94) 2(0)
Panic disorder Panic disorder 1090 (2) 202 (19) 881 (81) 7(1)
Schizophrenia Schizophrenia 1024 (2) 336 (33) 683 (67) 5()
Cervical cancer Cervix carcinoma 934 (2) 0(0) 933 (100) 1(0)
Hysteromyoma Uterineleiomyoma 802 (2) 0(0) 802 (100) 0(0)
Type 1 diabetes mellitus Typeldiabetesmelli- 792 (2) 188 (24) 602 (76) 2(0)
tus
Ulcerative colitis Colitis ulcerative 683 (1) 253 (37) 428 (63) 2(0)
Systemic lupus erythematosus ~ Systemic lupuserythe- 665 (1) 33(5) 631 (95) 1(0)
matosus
Eating disorder Eating disorder 664 (1) 11 (2 651 (98) 2(0)
Others 35,269 (65)

@Number of blogs equals number of patients. Because of rounding, total values for proportion are not always 100%.
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Table 4. Category for primary disorders frequently described in the TOBY O database.

Matsuda et al

Name of grouped category of
disorders

Corresponding Sys-
tem Organ Class of
MedDRA (version
19.1)

Gender: al, number
of blogs and propor-
tion among all disor-

ders, n (%)@

Gender: male,
number of blogs
and proportion

among each disor-

Gender: female, Gender: unknown, num-
number of blogs  ber of blogs and propor-
and proportion  tion among each disor-
amongeachdis-  ger n (96)2

der, n (%) order, n (%)2
Neoplasms benign, malignant, Neoplasms benign, 16,851 (31) 4196 (25) 12,621 (75) 34 (0)
and unspecified malignant, and unspec-
ified (including cysts
and polyps)
Psychiatric and behavior disor- Psychiatric disorders 12,334 (23) 4281 (35) 7998 (65) 55 (0)
ders
Kidney, urological, or genital  Renal and urinary dis- 4507 (8) 774 (17) 3710 (82) 23(1)
disorders orders
Muscular, bone, or articular Musculoskeletal and 4471 (8) 648 (15) 3813 (85) 10 (0)
disorders connective tissue dis-
orders
Congenital disordersor abnor- Congenital, familial, 2972 (6) 1455 (49) 1496 (50) 21 (1)
mal chromosome and genetic disorders
Neurological disorders Nervoussystemdisor- 2877 (5) 1171 (41) 1691 (59) 15(2)
ders
Endocrine, nutritional, or Metabolismand nutri- 2269 (4) 636 (28) 1626 (72) 7 (0)
metabolic disorders tion disorders
Digestive system disorders Gastrointestinal disor- 1876 (4) 773 (41) 1093 (58) 10 (1)
ders
Circulatory conditions Cardiac disorders 1523 (3) 933 (61) 580 (38) 10 (1)
Infections and infestations Infectionsandinfesta- 849 (2) 480 (57) 357 (42) 12 (1)
tions
Blood, hematopoietic, orim-  Blood and lymphatic 777 (1) 314 (40) 458 (59) 5()
munological disorders system disorders
Skin disorders Skin and subcuta- 755 (1) 230 (31) 521 (69) 4(1)
neoustissue disorders
Others 1949 (4)

3N umber of blogs equals number of patients. Because of rounding, total values for proportion are not always 100%.
b There was an another possible MedDRA coding: endocrine disorders.

Additional Characteristics of the TOBYO Database

We aso highlighted unique data elements by analyzing
behavioral characteristics of writing tobyoki blogs and found

that most writers updated their blogs between 9 PM and 0 AM

http://publichealth.jmir.org/2017/1/e€10/
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(Figure 5). No particular patterns were observed according to
which days of the week blog entries were posted. About 40%
of the blogs in the TOBYO database (36.81%, 19,879) had
continued for more than 3 years.
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Figure5. Additiona characteristics of the TOBY O database.

Analysis B: Using Subset of Selected Disordersin the
TOBYO Database

Mining Events Appearing in Tobyoki Blogs
Comparison of depression (Table 5) and RA (Table 6) events

in tobyoki blogs and the JADER database showed apparent
differences in the types and frequencies of events observed.
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Subjective, symptomatic terms and general terms for patients
tended to be frequently observed in tobyski blogs (eg, anxiety,
headache, and pain), whereas more technical, medical terms
(eg, syndrome and abnormal laboratory test result) tended to
be observed frequently in the JADER database. Exceptionally,
thefact that “interstitial lung disease” in patients with RA was
observed frequently in both tobyoki blogs and the JADER
database suggested relatively high attention for this event.
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Table 5. Comparison of eventsin patients with depression in the TOBY O database and JADER database.

Matsuda et al

Medical terms observed in the TOBY O database

Medical terms observed in the JADER database

Rank Event descriptioninthe  MedDRA Preferred Num-  Rank Number of events
TOBYO database Termsinthe TOBYO  berof  \jedDRA Preferred
database &vents  Termsin the JADER
database
1 Adverse reaction® Adversereaction 9977 1 Inappropriate antidiuretic hormone secretion 247
2 Depression Depression 6218 2 Serotonin syndrome 226
32 Anxiety Anxiety 5695 3 Suicide attempt 213
4 Headache Headache 2977 4 Seizure 153
5 Pain Pain 2016 5 Completed suicide 152
6 Withdrawal symptom  Withdrawal syndrome 1848 6 Hyponatraemia 143
7 Stress Stress 1194 Mania 121
8 Malaise Malaise 1162 8 Neuroleptic malignant syndrome 108
QR Feeling queasy Nausea 1140 @2 Dizziness 103
10 Congtipation Constipation 897 108 Nausea 101
11 Psychosis® Mental disorder 77 11 Aggression 100
122 Dizzy Dizziness 762 12 Suicidal ideation 96
13 Paroxysmal attack® Seizure-like phenomena 691 13 Hepatic function abnormal 93
14 Emotional instability® Affect lability 685 142 Tremor 92
15 Abnormality NAP 641 15 Altered state of consciousness 90
16 Suffering® Sense of oppression 637 16 Activation syndrome® 86
17 Feeling down® Depressed mood 619 17 Irritability 85
18 Sleep disorder Sleep disorder 601 18 Loss of consciousness 78
19 Schizophrenia Schizophrenia 479 192 Anxiety 75
20 Allergy Hypersensitivity 474 20 Hallucination 74
212 Mania Mania 472 21 Somnolence 69
22 Migraine Migraine 445 22 Délirium 68
23 Pollinosis Seasonal allergy 427 23 Liver disorder 61
24 Hypersomnia Hypersomnia 418 24 Urinary retention 60
25 Bipolar disorder Bipolar disorder 376 25 Overdose 58
26 Diarrhea Diarrhea 368 262 Intentional self-injury 57
272 Trembling Tremor 326 27 Electrocardiogram QT prolonged 56
28 Panic disorder Panic disorder 314 28 Drug withdrawal syndrome neonatal 53
29 Asthma Asthma 294 29 Insomnia 50
30 Weight increased Weight increased 284 Intentional overdose 50
31 Diabetes mellitus Diabetes mellitus 281
32 Ache stomach Abdominal pain upper 277
33 Psychiatric disorder® ~ Mental disorder 266
34 Vomiting Vomiting 240
35 Abdominal pain Abdominal pain 237
36 Slight fever Pyrexia 231
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Medical terms observed in the TOBY O database Medical terms observed in the JADER database
Rank Event descriptioninthe  MedDRA Preferred Num-  Rank Number of events
TOBYO database Termsinthe TOBYO  berof  \jedDRA Preferred
database &vents  Termsin the JADER
database

37 Influenza Influenza 228

38 Physical deconditioning Asthenia 226

39 Myalgia Myalgia 225

40 Dependence Dependence 210

41 Inflammation Inflammation 206

42 Panic attack Panic attack 197

432 Self-injury Intentional self-injury 194

44 Hypertension Hypertension 179

45 Severe pain Pain 152

3Events appearing in both databases (the TOBY O database and JADER database).
bNA (not applicable) in columns for MedDRA PTs (preferred terms) means there was no corresponding term in MedDRA.

Coding discrepancies occurred between the 2 reviewers (the different suggestions from the reviewers are shown in parentheses): Adverse reaction
(adverse reaction or adverse drug reaction), Psychosis (mental disorder or psychotic disorder), Paroxysmal attack (seizure-like phenomena or seizure),
Emotional instability (affect lability or feeling abnormal), Suffering (sense of oppression or emotional distress), Feeling down (depressed mood or
emotional distress), and Psychiatric disorder (mental disorder or psychotic disorder).

dActivation syndrome is a generic term used for central nervous system stimulation symptoms that are potential adverse effects caused by selective
serotonin reuptake inhibitors.
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Table 6. Comparison of eventsin patients with rheumatoid arthritisin the TOBY O database and JADER database.

Matsuda et al

Medical terms observed in the TOBY O database

Medical terms observed in the JADER database

#  EventdescriptionintheTO-  MedDRA PTsinthe TOBYO Number #  MedDRA PTsinthe JADER database Number
BYO database database of of
events events
1 Rheumatoid arthritis Rheumatoid arthritis 9193 12 Pneumonia 1109
2 Pain Pain 6471 22 Interstitial lung disease 835
3 Adversereaction® Adverse reaction 4378 3 Pneumocystis jirovecii pneumonia 575
4 Inflammation Inflammation 1044 4 Cdlulitis 330
5 Swelling Swelling 761 5 Sepsis 292
6 Feeling queasy Nausea 661 6 Herpes zoster 255
7 Abnormality NAP 440 7  Pyrexia 252
8 Headache Headache 419 8 Pneumonia bacterial 216
9 Allergy Hypersensitivity 385 9 Infusion-related reaction 215
10 Stress Stress 380 10  Pulmonary tuberculosis 189
11  Collagen disorder Collagen disorder 373 11  White blood cell count decreased 159
12 Diarrhoea Diarrhoea 370 12 Arthritis bacterial 149
13 Unwell Malaise 357 13  Lymphoma 147
14  Pollinosis Seasonal alergy 340 14  Atypical mycobacterial infection 130
15  Severepan Pain 306 152 Hepatic function abnormal 121
16  Osteoporosis Osteoporosis 276 16  Pancytopenia 116
17 Musdle stiffness Musculoskeletal stiffness 272 17  Organizing pneumonia 104
18 Influenza Influenza 261 Histiocytosis hematophagic 104
19 Infections Infection 241 19 Peurisy 99
202 Tuberculosis Tuberculosis 236 20 Platelet count decreased 98
21 Stomatitis Stomatitis 218 21 Urinary tract infection 97
a Pneumonia Pneumonia 218 Disseminated tuberculosis 97
23 Asthma Asthma 181 23 Disseminated intravascular coagulation 94
24  Eczema Eczema 165 24  Breast cancer 88
25 Arthragia Arthralgia 162 25  Peritonitis 87
26  Slight fever Pyrexia 147 262 Tuberculosis 86
27 Dizzy Dizziness 145 Pyelonephritis 86
ogd Interstitial pneumonia Interstitial lung disease 137 28  Septic shock 85
29  Numbness Hypoesthesia 132 29  Neutrophil count decreased 79
30 Hemorrhage Hemorrhage 116 Gastric cancer 79
31 Depressed mood® Depressed mood 115
32 Congtipation Constipation 115
3B gufferi ng® Sense of oppression 106
34 Abdominal pain Abdominal pain 103
35 Diabetes mellitus Diabetes mellitus 100
36 Rash Rash 99
37 Moon face® Cushingoid 98
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Medical terms observed in the TOBY O database Medical terms observed in the JADER database

# Event descriptioninthe TO-  MedDRA PTsinthe TOBYO Number #  MedDRA PTsin the JADER database Number

BYO database database of of
events events

38 Edema Edema 96

39 Desath Death 96

40 ltch Pruritus 95

412 Hepatic function abnormal Hepatic function abnormal 93

42  Urticaria Urticaria 92

43 Vomiting \Vomiting 91

44  Physica deconditioning Asthenia 90

45 Hyperthermia Hyperthermia 89

46 paroxysmal attack® Seizure-like phenomena 85

47  Cataract Cataract 84

3Events appearing in both databases (the TOBY O database and JADER database).
A (not applicable) in columns for MedDRA PTs (preferred terms) means there was no corresponding term in MedDRA.

®Coding discrepancies occurred between the 2 reviewers (the different suggestions from the reviewers are shown in parentheses): Adverse reaction
(Adverse reaction or Adverse drug reaction), Muscle stiffness (Musculoskeletal stiffness or Muscle rigidity), Depressed mood (Depressed mood or
Listless), Suffering (Sense of oppression or Emotiona distress), Moon face (Cushingoid or Face edema), and Paroxysmal attack (Seizure-like phenomena

or Seizure).

Visualization of Contentsin Tobyoki Blogs

Asdepicted in Figures 6 and 7, “take” (asin “take medicine”)
was the most frequent word in the datasets for depression and
RA, suggesting that extraction of tabyaki blog content containing
the 100 most frequently mentioned drugs hel ped focus the data.
Among patientswith depression (Figure 6), sleep-related terms
suchas*“liedown,” “sleep (noun),” “sleep (verb),” “ sleepiness,”
“awakening,” and “awaken” were observed, indicating that
patients shared information about their disease conditions. We
also found therapy-specific words such as “adverse effects,”
“antidepressant agent,” “depression drug,” and “withdrawal
symptoms.” Among patients with RA (Figure 7), pain-related
termssuch as“pain,” “painful,” “swelling,” and “ tiffness’ were

http://publichealth.jmir.org/2017/1/e€10/

frequently noted, indicating that these were important words
for characterizing RA.

Asdepicted in Figure 8, the words “rheumatism,” “ give relief,”
“pain,” and “painful” were located at the center of the word
cooccurrence networks of the 4 biological drugs considered in
this study, meaning that these words were frequently used in
association with all 4 drugs. The characteristics of each drug
were also observed in the margins of the word cooccurrence
networks. For example, adalimumab and etanercept,
administered as subcutaneous injections, were associated with
the word “self-injection,” and infliximab and tocilizumab,
administered asintravenousinfusions, were associated with the
word “infusion.”
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Figure 6. Word cloud: visualization of words frequently observed in tobyéki blogs of patients with depression.(a) English version translated from the
original Japanese and (b) the original Japanese version.

(a) Depression: Word cloud (English)

(b) Depression: Word cloud (Japanese)
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Figure 7. Word cloud: visualization of words frequently observed in tobyaki blogs of patients with rheumatoid arthritis.(a) English version trandated
from the original Japanese and (b) the original Japanese version.

(a) Rheumatoid arthritis: Word cloud (English)
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Figure 8. Word co-occurrence network: visuaization of words occurring with biological drugs in tobyéki blogs of patients with rheumatoid
arthritis.Because the original language is Japanese, English translations are shown together.
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Principal Findings

Patient-generated dataiis likely to play akey rolein improving
PV [36]. In Japan, however, a system of self-reporting by
patientsis still being considered [10] and no patient-generated
data resources have been explicitly identified. As one option
for such aresource, this study evaluated the TOBY O database
from the PV perspective.

In the whole TOBYO database, more blogs were written by
female bloggers, and fewer blogs were written by people older
than 50 years (Table 2). These findings were consistent with
the results of a general survey of Internet usage in Japan [23].
Reflecting the fact that a higher percentage of tobyski blogs
werewritten by women, the most frequently appearing disorders
in the TOBY O database tended to have a higher prevalencein
women: breast cancer, cervical cancer [37], RA [38], and panic
disorder [39] (Table 3). Additional analysis of tobyski blogs
would be more redlistic for these disorders with a high
prevalenceinwomen. Our findings also suggested the relevance
to frequently appearing disorders such as psychiatric disorders
with subjective symptomsthat have important clinical meaning,

http://publichealth.jmir.org/2017/1/e€10/
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disorders.

As shown in Tables 5 and 6, tobyaki blogs written by patients
with depression or RA contained symptomatic, subjectiveterms
rather than the medical diagnosis or other medical terms. This
revealed a difference between tobyski blogs and the JADER
database generated by HCPs and implied that the TOBYO
database might have the advantage of enabling the analysis of
patient-level outcomes that could not be captured in existing
data sources. Indeed, previous research has shown that
psychiatric events are difficult to identify in heath care
administrative databases because physicians have difficulty
detecting them and patients avoid reporting the symptoms to
their physicians[40]. Another interesting possibility isthat even
if a patient reporting system is implemented, patients may not
voluntarily report events that they do not consider to be AEs,
as suggested by a previous research conducted on patients with
Parkinson’s disease [41]. In such a situation, in which patients
themselves do not consider the possibility of AEs, the TOBYO
database can be useful for capturing initial symptoms as AE
signals.

We confirmed the feasibility of analyzing patient narratives
using text mining to draw insights from tébysaki blogs. Word
clouds suggested characteristic words associated with selected
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conditions, such as “sleeping” and “anxiety” with depression
and “pain” and “painful” with RA. This suggested that tobyaki
blogs were a useful resource for understanding characteristic
information for each disorder. We were also able to identify
words commonly associated with the 4 biological drugslocated
at the center of theword cooccurrence networks (Figure 8). The
common words revealed in this study were not particularly
noteworthy, but further research using the same approach with
different drugs or disease areas might be useful for exploring
drug safety concerns such as unknown AEs. For example, a
report analyzing tweetswritten by Japanese patients with cancer
suggested that visualizing narratives with word cooccurrence
networks could be a useful approach to obtain insights from
social media[42].

We noted several strengths of tobyski blogs as a resource for
dataanalysisin this study. One wasthe ease of obtaining patient
background information as summarized in Table 2. In contrast
to other data sources such as Web-based discussion forumsin
which patient background information was inherently limited
[43], tobyoki blogs usually had a profile or introduction page
from which asubstantial level of information could be collected.
Another strength was that most tobyski bloggers wrote their
blogs voluntarily to record and share their experiences with
others, resulting in primarily subjective descriptions of patient
experiences. This first-hand, observational quality, free from
obligations or interventions, might enable researchers to better
understand patients’ actual concerns. A third strength was that
compared with common blogs or social media (even those
written by patients), tobyoki blogs might be more likely to
contain analyzableinformation on health-related or life-related
topics because serious disease and other health crises were
typical motivations for starting tobyski blogs.

Limitations

This study had several limitations. First, because tobyoki blogs
were written by only a segment of the patient population,
generalization of the findings required caution. For instance,
the elderly population might be underrepresented in Internet
sources[23]. In addition, as a patient’s condition became more
severe, it might be more difficult for them to continue writing
their tobyoki blogs. These biases should be considered when
interpreting the results. Second, the insights obtained from
gualitative text-mining approaches were based on some degree
of subjectiveinterpretation by researchers. For example, inword
clouds, the relative size of each word reflected its frequency. It
would be helpful to identify frequent or important words that
were mentioned by many bloggers. On the other hand, because
the size of each word did not reflect its clinical significance, it
was possiblethat some smaller words might have greater clinical
significances. Although word clouds have the potential to
provide some insights from textual data, interpretation should
be donein caution, keeping their pros and consin mind. Third,
some technical improvements would be necessary to extract
more meaningful knowledge from the texts used in this study.
For instance, we only considered fragmented wordsfor analysis.
By excluding phrases and other word combinations, we might
have missed some important concepts or patient feelings.
Additional techniques such as entity linking or named entity
recognition should be considered in future studies to improve
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the results. Finally, because the language in social mediatends
to be highly informal and contain awide variety of expressions,
identification of specific concepts such as AEs and medicinal
drugs from the unstructured narrativesis a challenge. Although
we could identify frequently appearing medical events in the
TOBYO database, as shown in Tables 5 and 6, it is apparent
that not all these events were AEs because we did not consider
whether they had occurred before or after drug administration.
Additional work is necessary to identify AES occurring after
drug administration.

Future Challenges for Social Phar macovigilance

We also recognized future challenges for the effective use of
socia media data in PV. Firgt, there is a need for an officia
guidance or policy about the necessity of obtaining informed
consent from patients and protecting privacy. Although research
interest in the use of social mediais growing, thereis currently
no consensus or guideline [44]. We think there is no need for
artificial constraints such as obtaining subsequent informed
consent for the use of blog data because they are aready publicly
available on the Internet. Regarding patients’ decisions on
whether to share data, astudy showed that patientsin the cancer
community tended to think positively about sharing aslong as
the benefit of sharing data outweighed the risk [45], and the
authors recommended that researchers should be careful to
protect patient anonymity. In accordance with this
recommendation, we prepared all analysisoutput as summarized
data and not individual-level datain consideration of patients
rightsto protected privacy. Second, we acknowledge that issues
exist with the reliability and reproducibility of social media,
particularly from the regulatory, good pharmacovigilance
practice perspective. Concerns about the incorporation of false
information have been noted previously [46]. Considering our
study using tobyaki blogs, we assume that the extent of this
problem would not be very large because thereis no conceivable
incentive for maintaining a fake tobyoki blog at this time.
Selecting blogs with more than 10 pagesin the screening process
before registration in the TOBYO database would help to
prevent the inclusion of fake blogs. Concerns about the
reproducibility of analysis present a practical challenge. It is
not realistic to keep adynamic dataset that is updated every day
and that may be updated retrospectively. To ensure the
reproducibility of individual research, storing the final dataset
as a snapshot is recommended. Finally, because the volume of
data on the Internet is continuously growing, there may be a
need to think about how to efficiently detect and process AE
information on the Internet. One option is to improve the
text-mining algorithm using dictionary-based methods by
preparing an annotated corpus to recognize AEs and drugs.
However, this process would be time-consuming and costly.
Another option isthe application of amachinelearning approach
by preparing a classifier algorithm that does not necessarily
require the preparation of annotated corpora, and there has been
areport of the application of adeep-learning techniqueto detect
potential AEs from social media texts [47]. In summary, we
need to tackle several practical and technical issuesto efficiently
incorporate social media resources into PV.
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Conclusions database and provided insightsinto considering the use of such
data for PV. Specific application possibilities for the TOBYO

PV activities should have a strong focus on patients actual i : _ : :
database include the analysis of disorderswith ahigh prevalence

experiences, concerns, and outcomes, and this approach is N oo o
expected to uncover hidden AE signals earlier and help us N Wwomen, pwchlatrlc_dmorders with important sgbjecnve
understand AEsin a patient-centered way. Thisstudy described symptoms, refractory disorders, and other chronic disorders.

thefundamental characteristics of tobyski blogsinthe TOBYO ~ Further research would facilitate the enhancement of PV by
incorporating patient-generated data from the Internet.
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Abstract

Background: Frequencies in reported psychosomatic illnesses have increased in Sweden among children, adolescents, and
young adults. Little is known about demographic differences in self-reported psychosomatic complaints, such as between urban
and rural areas, and whether surveys launched on the Internet could be a useful method in sampling such data.

Objectives. This study examines the connection between psychosomatic illnesses and demographics in Swedish children and
youth. The feasibility of using the Internet to gather large amounts of data regarding psychosomatic complaints in this group is
another major objective of this study.

Methods: A cross-sectional study using 7 validated questions about psychosomatic health, were launched in a controlled way
onto arecognized Swedish Internet community site, which targeted users 10 to 24 years of age. The subjects were able to answer
the items while they were logged in to their personal domain. The results were analyzed cross-geographically within Sweden.

Results. In total, we received 100,000 to 130,000 individual answers per question. Subjects of both sexes generally reported
significantly higher levels of self-reported psychosomatic complaintsin major city areas as compared with minor city/rural areas,
even though the differences between the areas were small. For example, 12.00% (4472/37,265) of females in minor regions
reported always feeling tense, compared with 13.80% (3156/22,873) of femalesin major regions (P<.001). In males, the answer
pattern was similar, 16.40% (4887/29,801) in major regions versus 15.60% (2712/17,386) in minor regions, (P=.006). Females
reported significantly higher frequencies of psychosomatic complaints than males (P<.001).

Conclusions: In subjectsaged 10 to 24 years, higher levels of psychosomatic complaints appear to correlate with living in major
city areas in comparison with minor city/rural areas. Surveys launched on the Internet could be a useful method in sampling data
regarding psychosomatic health for this age group.

(JMIR Public Health Surveill 2017;3(1):€9) doi:10.2196/publichealth.5902
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Introduction

Children, adolescents, and young adults in Sweden frequently
report mental health issues[1,2]. The mental health issues we
arereferring to in this Swedish population are most commonly
complaints about perceived stress and psychosomatic symptoms.
It isspeculated that current lifestyles, environments, and societal
demands, with increased exposure to stress, play arole in the
changing patterns of mental health problemsin this population.
With less opportunity for physical activity, play, and recovery,
stress reactions may become chronic, which increases the risk
for psychosomatic complaints and mental disorders [3-6].

The development from chronic stress to psychosomatic
symptoms and eventually disease depends on multiple factors,
such as genetic vulnerability [7], socioeconomic situation [8],
adverse or stressful life events and the timing of such [9],
disturbancesinimportant rel ationships, and school performance,
which all fit into a bio-psycho-social model [10], aswell asthe
concept of the developmental origin of health and disease [11].

In addition, the surrounding environment has an impact on
disease development [12]. For example, while cities are centers
of wealth creation, culture, and innovation, they are aso
associated with adverse health outcomes that are less prevalent
inrural areas. The " unhealthy” urban environment may be due
to increased exposure to harmful pollutants and denser, more
stressful living. Previous research has shown that living in an
urban environment is associated with an increased prevalence
of mental health disorders, such as schizophreniaand depression
[13-16]. This has been partly ascribed to higher levels of social
stress in cities as compared with in rural areas. Lederbogen et
al [17] recently showed that both city upbringing and current
city living were associated with increased amygdala activity,
which, among other functions, signals negative affect, stress,
and environmental threat. Increased amygdalaactivity hasbeen
strongly implicated in anxiety disorders and depression [13].
Assuming that a rural population is more exposed to nature,
this would confirm the increasing evidence that natural (green
and blue) environments have a restorative influence, resulting
in decreased stress levels and positive effects on mental health
[18-20]. These benefits may al so be gained by moving to urban
green areas[21,22]. A recent study, investigating symptoms of
depression, demonstrated that walking in nature decreased both
self-reported rumination and neural activity in the subgenual
prefrontal cortex (associated with stress and negative thought
activity), while such changes were not found after awalk in an
urban environment [23]. In particular, children and young people
seem to benefit the most from natural environments with
improvements in cognitive and behavioral function and
development [24,25]. For example, this may be due to trees
contribution to reduction of toxic environmental exposures,
such as traffic-related air pollution and noise [26-29], which
are risk factors for poor development and mental health
problems [30-32]. These environmental risks are less
pronounced in rural environments. In anincreasingly urbanized
world, these issues are important to explore. Thus, genetic,
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social, and physical environmental factors interact in the
development of stress and psychosomatic reactions in such a
way that in due course they may influence children'swell-being
and ill health, with salient implications also for development
of future health and disease in the life course perspective [33].

In a previous Internet-based study, we have shown that stress
and psychosomatic health complaints are common in children,
adolescents, and young adults. Older teenage females (16-18
years of age) had the highest levels of complaints, and both
sexes reported a dlightly worse self-perceived general health
status in 2010 than in 2007 [2]. However, this study did not
investigate the impact of living environment on self-reported
psychosomatic complaints. Previous studies have found a
positive environmental impact on mental health, with a
protective effect of natural, less urbanized areas, but most of
these studies are performed on adult populations [33].

The purpose of the present study was to examine self-reported
psychosomatic complaints among children and adolescents, to
unravel potentia differences with regard to these complaints
depending on sociodemographic factors and residential
environment in Sweden. Our hypothesisis that psychosomatic
complaints are more prevalent among the young in urban areas
and more frequent in females

Methods

Participants

The use of Internet has the benefit of providing a high number
of respondents in al categories concerning age, sex, and
geographical region. We recruited 130,000 study participants
by convenience sampling through the website LunarStorm.
LunarStorm's website was one of the first social Web
communities to be established in Sweden. At the time of our
sampling (2005), LunarStorm was the largest Internet
community in Sweden. It had 1.3 million active members and
approximately 360,000 unique visitors per day who spent
approximately 40 minutes per visit onthe site (TNS Gallup/Red
Measure, Nielsen/Net Ratings). Among 15- to 20-year olds in
Sweden by that time, 83% were LunarStorm members, and 25
of 30 pupilsin every secondary school class were connected
(Lunarworks AB/SCB). Of members, 53% were females.

Measures and Design

To assess psychosomati c complaints among the participantswe
used the well-established Psychosomatic Problems Scale (PBS)
[1,34,35]. The scale has been tested for reliability by Hagquist,
using Rasch analysis, and has sound psychometric properties
as awhole [1,34,35]. The Swedish National Board of Health
and Welfare use it in studies of children and adolescents and
their psychosomatic health and wellbeing. PBS is a composite
measure of subjective health experienced during the last 6
months, encompassing the following items (which were
deliveredin question form): ‘ difficulty concentrating, ‘ difficulty
deeping, ‘suffers from headaches,’ ‘suffers from stomach
aches, ‘feels tense, ‘poor appetite, and ‘feels low’. The 6
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response categoriesto theitemswere: ‘don't know’; ‘ no, never’;
‘no, seldom’; ‘yes, sometimes'; ‘yes, often’; and ‘yes, always.

Our data were collected by launching the questions on 7
consecutive days in the spring of 2005. We posted 1 question
per day rather than presenting the complete questionnaire on a
single occasion because the Web community administrator had
the experience that using long composite questionnaires
substantially decreased the participation rate. However, it is
therefore not possible to directly compare the results of this
study with results from studies using the origina composite
measure. Each participant could log into their own ‘ LunarStorm
corner' and voluntarily choose to complete the questions in
private and in their own time on the community site. These
privacy and time aspects may contributeto morereliablereplies
[36]. All data on self-reported psychosomatic complaints from
the Lunarstorm platform were sampled through anoncommercial
collaboration between the research team and Lunarstorm .

While the use of computerized psychological assessment has
increased with time, there are a limited number of validation
analysesregarding I nternet-based surveys among young people.
However, most research to date seems to conclude that results
from Internet-based recruitment corresponds well to results
from more traditional administration means. In arecent study,
abrief Web-based screening questionnaire for common mental
disorderswas validated with follow-up phoneinterviews, using
aDiagnostic and Statistical Manual of Mental Disorders—based
interview manual as a gold standard [37]. Good agreement
between responses to hand out questionnaires and those
administered via the Internet was demonstrated in yet another
study from 2005 [38], aswell asin arecent review, where most
scales show high interformat reliability [39]. Internet distribution
may potentially also improve participation rate, particularly so
among adolescents, by avoiding certain barriers, such as putting
aquestionnaireinthemail [40]. Equally, it widens geographical
access and facilitates the recruitment of rural populations [41].

Members saw the question after login, and only 1 answer per
login was permitted and counted. Each answer was registered
asunigue; hence, it was not possible repeat login and reply more
than once. We focused on young people aged 10 to 24 years.
The age groups were differentiated as follows: 10 to 12 years
(children), 13 to 16 years (adolescents), and 17 to 24 years
(young adults). The percentage of L unarStorm membersin these
different age groups, ranged between 20% and 88%, with the
highest values (>80%) being adolescents between 13 and 16
years of age.

Based on individual Internet protocol adresses, we made a
geographical categorization of the subjects into 3 major city
regions (Stockholm, Géteborg, and Mam@) and 18 minor cities
and regionswith lower population density in Sweden (Blekinge,
Daarna, Gotland, Géavleborg, Halland, Jamtland, Jonkdping,
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Kamar, Kronoberg, Norrbotten, Sidermanland, Uppsaa,
Varmland, Vasterbotten, Vasternorrland, Vastmanland, Orebro,
and Ostergétland). This sample was then dichotomized into
‘major city regions’ and ‘minor city/rural regions.

The LunarStorm site did not provide data on socioeconomic
background. Therefore, we added demographic data separately
via Statistics Sweden, from the Swedish Living Conditions
Surveys [42], and assigned to the participants on a group level
determined by geographical location. This general Swedish
sampling from the Swedish Living Conditions Survey was made
in 2005 by interviews at home visits, and 75.10% (4277/5698)
of eligible subjectswereinterviewed. Dataon household income
for 2005 was accessed separately via Statistics Sweden [43].
The data from Statistics Sweden are categorized in similar
categories as ours;, however, the major cities are contained
within counties with additional smaller cities, towns, and
villages around the large cities.

Statistical Analysis

Each of the possible responses to each of the 7 questionsin the
Likert format was assigned a number: ‘no, never=1'; ‘no,
seldom=2"; ‘yes, sometimes=3'; ‘yes, often=4'" and ‘yes,
aways=5'. Respondents answering, “don’'t know” were
excluded from the analysis. The response frequency was
calculated and independent samples t tests were conducted to
investigate any significant differencesin mean ranks depending
on geographic location (major and minor regions) or gender.
Variables were tested for normal distribution by
Kolmogorov-Smirnov test. Normally distributed variables are
presented as means (SD). A two-sided P=.05 was considered
as datisticaly significant. All statistical analyses were
performed with SPSS22.0.

Ethical Considerations

Ethical approval was obtained from the chairman of the review
board. According to the ethical guidelines of the ethics board
in Gothenburg, Sweden, posting questionnaires on the Internet
does not require formal ethical approval from a committee.
However, we choose to discuss these issues thoroughly with
the chairman and received full approval.

Results

Participant Characteristics

Females answered the questions more frequently, and also
reported significantly higher frequencies of psychosomatic
complaints than males on al 7 questions (P<.001) (Table 1).
This was a consistent pattern for the majority of the questions
with the exception of 3 questions in males, where there was no
significant difference between the major city regions and the
minor city/rural areas regarding ‘difficulty in concentrating,
‘low appetite,’ and ‘felt low’ (Figure 1).
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Figure 1. The percentage of " Yes, aways’ responses to different psychosomatic complaints for 10- to 24-year-old females and males from major and

minor regions of Sweden.
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Outcomes

For al 7 questions, females from the small city/rural areas
presented with better self-perceived health as compared with
those from the major city areas (Table 2, Figure 1).
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Table 1. Sex differences regarding self-reported psychosomatic complaints.

Question/al- Yes, dways,  Yes, often, %  Yes, some- No,sel-  No,nev- Number of Overal P
ternative % times, % dom, % e, % responders value

Suffered from stomach ache

Major regions
Females  10.80 16.10 46.20 19.50 7.40 24,846
Males 12.10 6.20 31.90 27.90 22.00 16,408 <.001
Minor regions
Females 9.50 16.10 46.10 20.60 7.60 41,661
Males 11.30 6.00 3150 28.30 23.00 28,198 <.001
Felt tense
Major regions
Females 13.80 21.90 44.50 14.00 5.80 22,873
Males 16.40 10.90 41.70 17.80 13.20 17,386 <.001
Minor regions
Females 12.00 21.10 45.40 15.50 6.10 37,265
Males 15.60 9.80 41.30 18.70 14.60 29,801 <.001
L ow appetite
Major regions
Females 8.40 9.40 41.20 22.80 18.10 22,770
Males 10.00 5.00 28.70 23.40 33.00 15,785 <.001
Minor regions
Females 7.40 8.90 41.50 23.60 18.60 36,860
Males 10.00 4.70 28.20 24.10 33.00 26,919 <.001
Felt low
Major regions
Females 12.30 27.00 47.70 9.90 3.10 31,056
Males 11.30 11.20 43.40 21.60 12.50 19,817 <.001
Minor regions
Females  11.10 27.00 48.30 10.60 3.10 50,511
Males 11.20 11.50 42.90 22.30 12.20 33,409 <.001
Difficulty in concentrating
Major regions
Females 1550 21.90 47.60 10.50 4.60 27,883
Males 17.30 14.60 44.40 14.70 9.00 20,114 <.001
Minor regions
Females 14.30 21.90 48.70 10.70 4.40 46,293
Males 17.30 14.60 44.60 14.70 8.80 33,792 <.001
Difficulty in sleeping
Major regions
Females 12.10 13.10 44.10 21.80 8.80 29,488
Males 14.90 9.30 35.40 24.20 16.10 20,621 <.001
Minor regions
Females  11.20 12.70 44.40 22.60 9.20 48,583
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Question/al- Yes, dways,  Yes, often, %  Yes, some- No,sel-  No,nev- Number of Overall P
ternative % times, % dom,% e, % responders value
Males 14.30 8.90 35.70 24.60 16.60 34,999 <.001

Suffered from headache

Major regions
Females 12.80 18.60 48.90 18.50 5.30 26,494
Males 12.80 8.70 38.60 27.30 12.60 17,899 <.001
Minor regions
Females 11.60 18.30 45.20 19.60 5.20 43,164
Males 11.50 8.10 38.70 28.90 12.90 30,808 <.001
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Table 2. Percentage demographic distribution of responders across Sweden, answering 7 items of self- reported psychosomatic complaints on the web

in May 2005.
Question/alterna- Yes, a- Yes, often  Yes,some-  No,sel- No,never Numberof  Overdl P Interpretation
tive ways % times % dom % responders  value
% %
Suffered from stomachache
Females, mgjor 10.80 16.10 46.20 19.50 7.40 24,846
regions
Females, minor 9.50 16.10 46.10 20.60 7.60 41,661 <.001 Femalesin minor
regions regions fewer
complaints
Males, major 12.10 6.20 31.90 27.90 22.00 16,408
regions
Males, minor  11.30 6.00 31.50 28.30 23.00 28,198 <.001 Malesin minor
regions regions fewer
complaints
Felt tense
Females, mgjor 13.80 21.90 44.50 14.00 5.80 22,873
regions
Females, minor  12.00 21.10 45.40 15.50 6.10 37,265 <.001 Femalesin minor
regions regions fewer
complaints
Males, major 16.40 10.90 41.70 17.80 13.20 17,386
regions
Males, minor  15.60 9.80 41.30 18.70 14.60 29,801 <.001 Malesin minor
regions regions fewer
complaints
L ow appetite
Females, mgjor 8.40 9.40 41.20 22.80 18.10 22,770
regions
Females, minor  7.40 8.90 41.50 23.60 18.60 36,860 <.001 Femalesin minor
regions regions fewer
complaints
Males, major 10.00 5.00 28.70 23.40 33.00 15,785
regions
Males, minor ~ 10.00 4.70 28.20 24.10 33.00 26,919 41 No difference
regions
Felt low
Females, mgjor 12.30 27.00 47.70 9.90 3.10 31,056
regions
Females, minor 11.10 27.00 48.30 10.60 3.10 50,511 <.001 Femalesin minor
regions regions fewer
complaints
Males, major 11.30 11.20 43.40 21.60 12.50 19,817
regions
Males, minor  11.20 11.50 42.90 22.30 12.20 33,409 74 No difference
regions
Difficulty in concentrating
Females, mgjor 15.50 21.90 47.60 10.50 4.60 27,883
regions
Females, minor  14.30 21.90 48.70 10.70 4.40 46,293 .006 Femalesin minor

regions

regions fewer
complaints
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Question/alterna- Yes, a- Yes, often  Yes,some- No,sel- No,never Numberof  Overal P Interpretation
tive ways % times % dom % responders  value
% %
Males, major 17.30 14.60 44.40 14.70 9.00 20,114
regions
Males, minor 17.30 14.60 44.60 14.70 8.80 33,792 0.61 No difference
regions
Difficulty in Sleeping
Females, mgjor 12.10 13.10 44.10 21.80 8.80 29,488
regions
Females, minor  11.20 12.70 44.40 22.60 9.20 48,583 <.001 Femalesin minor
regions regions fewer
complaints
Males, major 14.90 9.30 35.40 24.20 16.10 20,621
regions
Males, minor 14.30 8.90 35.70 24.60 16.60 34,999 .006 Malesin minor
regions regions fewer
complaints
Suffered from headache
Females, mgjor 12.80 18.60 48.90 18.50 5.30 26,494
regions
Females, minor  11.60 18.30 45.20 19.60 5.20 43,164 <.001 Femalesin minor
regions regions fewer
complaints
Males, major 12.80 8.70 38.60 27.30 12.60 17,899
regions
Males, minor 11.50 8.10 38.70 28.90 12.90 30,808 <.001 Malesin minor
regions regions fewer
complaints

In the separate data sampling performed via Statistics Sweden
[44], the informants answered questions regarding
socioeconomic status and the results the indicated differences
between urban and rural areas (the same city regions as in the
Lunarstorm data sampling). The data suggest that inhabitants
inthe magjor city regions generally have better education, access
to the Internet, and higher employment levels. In contrast, in

Table 3. Demographic distribution of population with zero income.

the major city regions the populations are in general more
economically disadvantaged.

When analyzing household income data (Table 3) it seems that
although thereisagenerally even distribution of income across
Sweden, the poorest of the adult population (rated as receiving
zero income) are found in counties containing the large city
areas as well as the high earners[43].

% 0 income All agegroups  20-24 years 25-29years  30-34 years 35-39years  40-44years 4549 years
Urban, mean (SD)

5.70 (0.87) 10.20 6.43 4.49 (1.17) 3.84 3.74 348

(2.19) (1.43) (0.87) (0.91) (0.88)

Rural, mean (SD)

4.13 7.79 4.63 2.61 (0.56) 2.07 2.10 191

(0.78) (1.58) (0.86) (0.52) (0.52) (0.49)
P (t test) .005 031 .006 Not significant <.001 <.001 <.001

Discussion females from the major city areas as compared with the minor

Principal Findings
The major finding of this study was that psychosomatic
complaints were reported to a significantly higher degree in
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city/rural areas. This pattern also prevailed for males, although
there was no statistically significant difference regarding the
following items: difficulty in concentrating, low appetite, and
felt low (Figure 1).
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The higher levelsof complaintsin females compared with males
in both area categories support and extend the results from
earlier studies [1,2,8]. Similar findings, using the same
guestionnaire items, have been reported in other studies where
youth were recruited from small regions in Sweden [1,34,35]
and psychosomatic complaints were examined using the
guestionnaires in a manual format handed out in schools at
regular intervals since 1985. To our knowledge, the current
study isthefirst large study with more than 100,000 participants
to investigate differences in psychosomatic health in relation
to living in large city regions versus minor city/rural regions.

These results are in line with a study by Samanta et al [45]
where rural living appeared protective against development of
mental health issues among male adolescents (13-15 years), as
well aswith an earlier study in New Zealand, where adolescents
from larger population centers reported more life event stresses
than those from smaller centers [46]. The mechanisms
underlying these region-related differences in psychosomatic
health cannot be revealed by the current study. However, it is
interesting to mention that the study by Lederbogen et al [17]
showsthat urban living isarisk factor for decreased social stress
resilience with subsequently higher prevalence of mental
disorders than rura living. There could aso be regional
differences in coping with mental health. Wang et a [47]
recently showed that rural participants had alarger total number
of visiting days, in ain a Web-based trauma intervention and
visited more program modules than urban participants. With
few exceptions [28], most studies on general psychiatric
disorders show that the admission rates are higher in urban than
in rural areas [3,4,48]. Even though the current study did not
investigate specific psychiatric diagnoses, our findings are in
line with the research on the effects of urbanization, especially
the effect on stress-related disorders.

Several other factors are known to increase the risk for
psychosomatic complaints among children and adolescents,
such as housing, school system, neighborhood context, and
other environmental issues[8,9,49-51]. These factors are often
interrelated and the causality iscomplex. In general, living under
poor socioeconomic conditionsisstrongly correlated to adverse
mental and physical health outcomes [52]. In order to get
complementary information on the sociodemographic
background for our sample, we used datafrom Statistics Sweden
collected in 2005 [43]. While we were unable to include these
dataas confoundersin the analysis, dueto group level reporting,
the data suggest that living in 1 of the minor regions is
associated with a less adverse economic situation, and with
higher access to a daily newspaper than the major city regions,
but it was also apparent that access to the Internet in the home,
completed postsecondary education, and employment was higher
in the major city regions than the minor regions. Our analysis
of income shows a pattern of clusters of zero income earners
being concentrated in the urban areas. In the counties containing
themajor cities, 0.58% of the population had exceptionally high
earnings as compared with 0.20% for the rest of the country,
whichispointing to someinequalitiesregarding incomein urban
aress.

We specul ate that these large socioeconomic differencesin the
urban areas may contribute to the ratings of higher degrees of
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psychosomatic complaintsin our subjectsliving in these areas.
These complementary data may have provided a partia
explanation for the regional differences in self-reported
psychosomatic health found in the current study. Our approach
did not allow matching on an individual level for the 2 different
datasets (the data collected from the website and the data from
Statistics Sweden), but merely providesaspatial correlation for
the major and the minor areas. However, it provides a genera
picture of the geographical distribution of socioeconomicissues
in Sweden and how these, at least partly, overlap with the
genera picture of the distribution of psychosomatic complaints
in respective areas.

We are unable to draw any conclusion about the causality
between city living and the potentially increased risk for
psychosomatic complaints from this cross-sectional study. One
hypothesis is that differences in exposure to nature and green
areas for recreation may account for some of the variance.
Numerous studies show that access to green spaces has been
associated with health benefits at both individua and
neighbourhood levels[22,53,54] and that components of urban
city living, such astraffic noise, air pollution, and crowds have
negative effects on psychological health [55-57]. In addition,
socioeconomically related health differences seem to decrease
with increasing amount of greenin theliving area[58]. Although
our data did not provide information on land use or
environmental characteristics, we can assume that the major
city areas are less green than the more rural areas. Swedenisa
scarcely populated country and the majority of the population
is concentrated to the large city areas. Thus, natural
environments and less densely populated towns and cities
characterize the rest of the country. The socioeconomic
inequalities in urban areas are also an interesting observation
that possibly contributesto the wellbeing of young people[59].

A common stressor in adults is having alow perceived degree
of control over onesday to day life: it isplausible that living in
an urban environment with plenty of potentialy challenging
outer structures, such as living in dense areas, commuting and
fighting for resources on highly competitive social arenascould
be stress factors also accounting for this variability in young
people. Social stress and lack of control [50] could mediate the
stressful effects of city life, and might account for some of the
individual differences seen [17].

Limitations

Because the data were gathered in collaboration with the
LunarStorm site that did not provide information regarding
specific age, socioeconomic background, ethnicity, family
background, living conditions, or general wellnessthe analytical
base of the study is limited, with restricted control for
confounding variables. Some accountancy for this was taken
by the additional dataset from Statistics Sweden displaying
sociodemographic patterns of the populations on a regional
spatial level.

ThePBSwasoriginally analyzed when all itemswere answered
at the same time, and the good psychometric properties cannot
automatically be supposed to also bevalid in this sample, where
each item was answered on a separate day. We did omit 1 item:
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‘felt giddy.’ Thiswasdueto low reply frequencies, which means
that the scale presented was incompl ete.

Another limitation isthat approximately 350,000 peoplelogged
in on agiven day, raising the possibility of selection bias. Due
to the fact that the subjects were anonymous, we could not
investigate selection effects. However, arecent study using the
Internet for health-related topics was independent of gender,
age, and diagnosis in a group of patients with psychosomatic
disorders [60]. Additionaly, the response rate obtained at
LunarStorm was very high for such ageneralized Internet-based
survey. Data were sampled in 2005, and it is possible that
response patterns could have been different, if the survey would
have been launched in 2016, considering, for example, the global
economic crisisthat has emerged during thistime span. Societal
and environmental changes aswell as changing attitudestoward
psychosomatic symptoms, increasing Internet access, and the
readiness to report complaints on a Web community could be
some of the factors, which might have had an impact on
response patterns.

Because studies on Internet-based assessment are a relatively
recent phenomenon, the validity of the data gathered in this
manner isuncertain and worth further exploration. In our study,
the spatial resolution islow and areas with some of the highest
variability in socioeconomic factors were merged together by
the LunarStorm site administrator and classified as“major city
area” Because perceived stress and ill health have a strong
association with socioeconomic status, the merging of areas
might have attenuated our findings. A higher spatial resolution
might have shown more pronounced differences between areas,
also because within city areas there are large socioeconomic
and neighborhood differences [61].

Laundy Frisenstam et a

Strengths

One of the strengths of the present study isthat the subject could
log into her/his own LunarStorm corner privately and at a
suitable time, and voluntarily chose to participate. While
representing a convenience sample, this raises the probability
of sincerereplies.

Another advantage is the 100,000 to 130,000 of subjects of
various ages who responded. The received responses from
100,000 to 130,000 individuals per day, represents on average
36% of the entire population of members logging in daily
(n=360,000). This volume of responders would be difficult to
reach in such a short time space by other ways of
communication. Furthermore, such administrative factors as
datatranscription, therisk of excluded valuesand ‘ odd’ answers,
and the concern that other people might read the answers can
be overcome by computer- and Internet-based surveys.

Conclusion

Young people in Sweden have a generally high prevalence of
self-reported psychosomatic complaints, and these seem to be
more common in major city areas as compared with minor
city/rural areas. As urbanization progresses globally this might
be of importance as a risk factor hampering the wellbeing of
children and adolescents. The current study provides valuable
information on the importance of regiona differences and the
potential benefit of living closer to nature, which should be
taken into account when planning for healthier living
environments. The study inspires to identifying urban
environmental features that promote health as well as finding
interventions to raise subjective and collective psychological
resilience of, especially young, city dwellers. In addition, it
motivates further studiesexploring the causality and mechanistic
explanations for environmentally aswell as socioeconomically
related links to psychosomatic health.
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Abstract

The American Men's Internet Survey (AMIS) is an annua Web-based behavioral survey of men who have sex with men (MSM)
living in the United States. This Rapid Surveillance Report describes the third cycle of data collection (September 2015 through
April 2016; AMIS-2015). The key indicators arethe same asprevioudly reported for AMIS (December 2013-May 2014, AMIS-2013;
November 2014-April 2015, AMIS-2014). The AMIS survey methodology has not substantively changed since AMIS-2014.
MSM were recruited from a variety of websites using banner advertisements and email blasts. Additionally, participants from
AMIS-2014 who agreed to be recontacted for future research were emailed alink to the AMIS-2015 survey. Men were eligible
to participate if they were age 15 years and older, resided in the United States, provided avalid US ZIP code, and reported ever
having sex with a man. We examined demographic and recruitment characteristics using multivariable regression modeling
(P<.05) dratified by participants self-reported human immunodeficiency virus (HIV) status. The AMIS-2015 round of data
collection resulted in 10,217 compl eted surveysfrom MSM representing every US state and Puerto Rico. Participantswere mainly
non-Hispanic white, older than 40 years, living in the US South, living in urban areas, and recruited from general social networking
websites. Self-reported HIV prevalence was 9.35% (955/10,217). Compared to HIV-negative/lunknown status participants,
HIV-positive participants were more likely to have had anal sex without a condom with any male partner in the past 12 months
(75.50%, 721/955 vs 63.09%, 5843/9262, P<.001) and more likely to have had anal sex without a condom with a serodiscordant
or unknown status partner (34.45%, 329/955 vs 17.07%, 1581/9262, P<.001). The reported use of marijuana and other illicit
substances in the past 12 months was higher among HIV-positive participants than HIV-negative/lunknown status participants
(marijuana use: 24.61%, 235/955 vs 22.96%, 2127/9262; other illicit substance use: 28.59%, 273/955 vs 17.51%, 1622/9262,
respectively; both P<.001). Most HIV-negative/unknown status participants (79.11%, 7327/9262) reported ever having aprevious
HIV test, and 55.69% (5158/9262) reported HIV testing in the past 12 months. HIV-positive participants were more likely to
report sexually transmitted infection (STI) testing and diagnosis compared to HIV-negative/unknown status participants (ST
testing: 71.73%, 685/955 vs 38.52%, 3568/9262; STI diagnosis. 25.65%, 245/955 vs 8.12%, 752/9262, respectively; both P<.001).

(JMIR Public Health Surveill 2017;3(1):€13) doi:10.2196/publicheslth.7119
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MSM; gay; homosexual; bisexual; HIV; STD; Internet; survey; surveillance; rapid surveillance report
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Introduction

The American Men's Internet Survey (AMIYS) is an annua
online behavioral survey of men who have sex with men (MSM)
who livein the United States. The methods have been previously
published [1,2]. Thissupplemental report updatesthat previous
manuscript with the most current data available from AMIS
(AMIS-2015). Methodsin AMI1S-2015 are unchanged from the
previously published manuscript unless otherwise noted.

Methods

Recruitment and Enrollment

Asinthe prior year, AMIS participants were recruited through
convenience sampling from a variety of websites using banner
advertisements or email blasts to website members (hereafter
referred to genericaly as “ads’). The survey was not
incentivized. Data on the number of clicks on al banner ads
were obtained directly from the websites. In AMIS-2014, data
on the number of clicks on geospatial social networking banner
ads were instead obtained by counting the number of clickson
the survey landing page. Men who clicked on the adswere taken
directly to the survey website hosted on a secure server
administered by SurveyGizmo (Boulder, CO, USA). Participants
were also recruited by emailing participants from the previous
cycle of AMIS (AMIS-2014) who consented to be recontacted
for future studies. To be eligiblefor the survey, participants had
to be 15 years of age or older, consider themselves to be male,
and report that they had oral or anal sex with aman at least once
inthe past (hereafter referred to asM SM). Personswho reported

http://publichealth.jmir.org/2017/1/e13/
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being younger than 15 years of age or refused to provide their
age were not asked any other screening questions. Those M SM
who met the eligibility criteria and consented to participate in
the study started the online survey immediately. The full
guestionnaire for AMIS-2015 is presented in Multimedia
Appendix 1.

AMIS-2015 ran from September 2015 through April 2016, and
resulted in 137,608 persons clicking on the ads and landing on
the study’s recruitment page (Table 1). Most persons who
clicked on the adswere from general socia networking websites
(66,500/137,608, 48.33%). Of the 1248 participants who
completed the AMIS-2014 survey and were emailed links to
the AMIS-2015 survey, 9.13% (114/1248) clicked on the link.
One-third (33.58%, 46,207/137,608) of those who landed on
the study’s page started the screening process and 56.09%
(25,919/46,207) of those were eligible. The most common
reason for ineligibility was not ever having male-male sex. More
than three-quarters (78.52%, 20,351/25,919) of those who were
eligible consented to participate in the survey. There were 2291
of 20,351 (11.26%) surveys determined to likely be from
duplicate participants. Deduplication of survey responses was
performed in the samemanner asin previousAMIScycles[1,2].
Among unduplicated surveys, amost two-thirds (64.21%,
11,597/18,060) were considered successful (ie, observations
with no missing values for the first question of at least two
consecutive sections). Most successful surveys were among
men who reported having sex with another man in the past 12
months (89.07%, 10,330/11,597). Finally, 1.09% (113/10,330)
of the sample was found to have provided an invalid ZIP code
and was excluded from the final analytical sample.
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Table 1. Recruitment outcomes for the American Men's Internet Survey, United States, 2015.

Zlotorzynskaet a

Recruitment outcomes Total Recruitment type
Gay socid General gay General social Geospatial social  AMIS-2014
networking (n=1) interest (n=2) networking (n=4) networking (n=2)  participants
Clicked ad, n 137,608 4680 3968 66,500 62,261 199
Screened,®n (%) 46,207 (33.58) 3671 (78.44) 1165 (29.36) 30,581 (45.99) 10,630 (17.07) 160 (80.40)
Ineligible,’n (%) 20,288 (43.91)  740(20.16) 463 (39.74) 16,206 (52.99) 2868 (26.98) 11 (6.88)
Not age 315 yearsS 14,246 (70.22) 615 (83.11) 369 (79.70) 11,056 (68.22) 2197 (76.60) 9(81.82)
Not male® 15,255 (75.19) 559 (75.54) 381 (82.29) 11,800 (72.81) 2505 (87.34) 10 (90.91)
Not ever MSMC 19,804 (97.61) 620 (83.78) 454 (98.06) 16,046 (99.01) 2673 (93.20) 11 (100.00)
Nonresident® 15,502 (76.41) 624 (84.32) 377 (81.43) 11,469 (70.77) 2573 (89.71) 9(81.82)
Eligibl e,b n (%) 25,919 (56.09) 2931 (79.84) 702 (60.26) 14,375 (47.01) 7762 (73.02) 149 (93.13)
Consented? n (%) 20,351(7852) 2181 (74.41) 586 (83.48) 10,818(75.26) 6623 (85.33) 143 (95.97)
Unduplicated, n (%) 18,060 (88.74) 2032 (93.17) 552 (94.20) 9410 (86.98) 5926 (89.48) 140 (97.90)
Success, n (%) 11,507 (64.21) 1568 (77.17) 426 (77.17) 6372 (67.72) 3104 (52.38) 127 (90.71)
MSM past 12 months9n (%) 10,330 (89.07) 1456 (92.86) 381 (89.44) 5425 (85.14) 2953 (95.14) 115 (90.55)
vaid zIP code,h n (%) 10,217 (98.91) 1451 (99.66) 381 (100.00) 5396 (99.47) 2875 (97.36) 114 (99.13)

@proportion is of total who clicked ad. Includes those who started the screening questionnaire.
b Proportion is among total screened. Ineligible includes those who did not complete the screening questionnaire.
€ Proportion is among total ineligible. Includes those who may not have responded to the question. MSM: men who have sex with men.

d Proportion is among €ligible.

€ Proportion is among consented. Unduplicated removes participants who were marked as duplicates using | P address and demographic data matching.
f Proportion is among unduplicated. Success removes participants who did not pass the test for survey completeness.

9 Proportion is among successes.

h Proportion is among MSM in the past 12 months. Valid US ZIP codes were those that could be matched to the ZIP code-to-county crosswalk files
created by the US Department of Housing and Urban Development. Any ZIP codes that could not be matched to this list were then hand-validated by
checking against the ZIP code locator tool on the USPS website. ZIP codes that could not be found were classified as invalid.

Almost all these surveys (10,217/10,330, 98.91%) provided a
valid US ZIP code. ZIP codes provided by participants were
validated by merging them with the 2015 ZIP code-to-county
crosswalk files created by the US Department of Housing and
Urban Development [3]. Any ZIP codes that could not be
matched to thislist werethen hand-validated by checking against
the ZIP code locator tool on the United States Postal Service
website [4]. ZIP codes that could not be found were classified
as invalid. Overall, the completion rate was 7.4%
(10,217/137,608), with an analytical sample consisting of 10,217
surveys out of 137,068 clicks.

Measures and Analyses

For AMIS-2015 analyses, participantswere categorized aseither
being AMIS-2014 participants who took the survey again or
new participants from website/app types based on target
audience and purpose: gay socia networking (n=1), gay general
interest (n=2), general socia networking (n=4), and geospatial
social networking (n=2). Recruitment outcomes and
demographic characteristics for the AMIS-2014 participants
are presented and for al behaviora outcomes, they are
recategorized according to their original recruitment source.
We do not provide the names of the websites/apps to preserve

http://publichealth.jmir.org/2017/1/e13/

operator and client privacy, particularly where a category has
only one operator. The participants who were eligible,
consented, unduplicated, successful, reported male-male sex in
the past 12 months, and provided a valid US ZIP code were
included in analyses of participant characteristics and behavior.

For AMIS-2015, we created a more refined popul ation density
variablefor each participant’s county of residence as determined
by their ZIP code. The levels of the population density variable
are from the National Center for Health Statistics (NCHS)
Rural-Urban classification scheme [5]. The NCHS classifies
countiesinto six categories: central (ie, inner city) or fringe (ie,
suburban) areas of large metropolitan stetistical areas (MSAS;
population size >1,000,000), medium-sized M SAs (population
size 250,000-999,999), small M SAs (popul ation size <250,000),
micropolitan area (counties that contain all or part of acity of
10,000 or more), and noncore (counties that do not contain any
part of a city of 10,000 or more). We further collapsed these
categoriesinto afour-level urbanicity variable: urban (central),
suburban (fringe), medium/small metropolitan, and rural
(micropolitan and noncore).

JMIR Public Health Surveill 2017 | vol. 3 |iss. 1 13| p.175
(page number not for citation purposes)


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

JMIR PUBLIC HEALTH AND SURVEILLANCE

The analysis methods for AMIS-2015 did not substantively
differ from those previously published but are repeated in this
report for clarity [1]. Overall, chi-square tests were used to
identify whether participant characteristics significantly differed
between recruitment sources. Multivariable logistic regression
modeling was used to determine significant differences in
behaviors based on self-reported human immunodeficiency
virus (HIV) status while controlling for race/ethnicity, age
group, National HIV Behavioral System (NHBYS) city residency,
and recruitment websitetype. M SAsincluded in NHBSin 2015
were Atlanta, GA; Baltimore, MD; Boston, MA; Chicago, IL;
Dallas, TX; Denver, CO; Detroit, MI; Houston, TX; Los
Angeles, CA; Miami, FL; Nassau-Suffolk, NY; New Orleans,
LA, New York City, NY; Newark, NJ; Philadelphia, PA; San
Diego, CA; San Francisco, CA; San Juan, PR; Seattle, WA; and
Washington, DC. Self-reported HIV status was categorized as
either HIV-positive or HIV-negative/lunknown status, consi stent
with surveillance reports produced by NHBS [6]. HIV testing
behaviors were only examined among those who did not report
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that they were HIV-positive and were also presented by
participant characteristics. Multivariable logistic regression
results are presented as Wald chi-sgquare P values to denote an
independently significant difference in the behavior for each
subgroup compared to areferent group. Statistical significance
was determined at P<.05.

Results

Approximately sevenin 10 (7291/10,217, 71.36%) participants
included in this report were white and non-Hispanic, less than
half were 40 years of age or older (4326/10,217, 42.34%), and
their most common region of residence was the South followed
by the West (Table 2). Participants were recruited from al US
states and there were at least 100 participants from each of 28
states (Figure 1). Overall, 9.35% (955/10,217) of participants
reported being HIV-positive, 69.91% (7143/10,217) reported
being HIV-negative, and 20.74% (2119/10,217) reported having
an unknown HIV status. All participant characteristics differed
significantly based on where they were recruited (Table 2).
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Table 2. Characteristics of MSM participantsin the American Men's Internet Survey by recruitment type, United States, 2015.

Participant characteristics ~ Total, n (%) Recruitment type, n (%) pa
Gay social Genera gay General socia Geospatial sociad AMIS-2014
networking interest (n=4) networking (n=4)  networking (n=2)  participants
(n=1)

Race/Ethnicity <001

Black, non-Hispanic 675 (6.61) 33(2.27) 15 (3.94) 444 (8.23) 176 (6.12) 7 (6.14)
Hispanic 1387 (1358)  73(5.03) 36 (9.45) 755 (13.99) 511 (17.77) 12 (10.53)
White, non-Hispanic 7201(71.36)  1271(87.59) 301 (79.00) 3733 (69.18) 1899 (66.05) 87 (76.32)
Other or multipleraces 864 (8.46) 74 (5.10) 29 (7.61) 464 (8.60) 289 (10.05) 8(7.02)
Age (years) <001
15-24 2821 (2761)  32(2.21) 37(9.71) 2155 (39.94) 581 (20.21) 16 (14.04)
25-29 1583 (15.49)  36(2.48) 61 (16.01) 983 (18.22) 491 (17.08) 12 (10.53)
30-39 1487 (1455)  112(7.72) 86 (22.57) 516 (9.56) 740 (25.74) 33 (28.95)
>40 4326 (42.34)  1271(8759) 197 (51.71) 1742 (32.28) 1063 (36.97) 53 (46.49)
Region .002
Northeast 2038 (19.95) 304 (20.95) 72 (18.90) 1074 (19.90) 566 (19.69) 22 (19.30)
Midwest 2127(20.82)  344(23.71) 73(19.16) 1152 (21.35) 530 (18.43) 28 (24.56)
South 3739(36.60) 467 (32.18) 132 (34.65) 2000 (37.06) 1098 (38.19) 42 (36.84)
West 2305 (22.56) 335 (23.09) 103 (27.03) 1166 (21.61) 679 (23.62) 22 (19.30)
US dependent areas 8(0.08) 1(0.07) 1(0.26) 4(0.07) 2(0.07) 0(0.0)
NHBS city resident” <001
Yes 3731(36.52) 565 (38.94) 177 (46.46) 1855 (34.38) 1090 (37.91) 44 (38.60)
No 6486 (63.48) 886 (61.06) 204 (53.54) 3541 (65.62) 1785 (62.09) 70 (61.40)
Population density® <001
Urban 4101 (40.18) 572 (39.45) 189 (49.74) 2073 (38.45) 1214 (42.28) 53 (46.49)
Suburban 2041 (20.00) 363 (25.03) 71 (18.68) 1092 (20.26) 494 (17.21) 21 (18.42)
Small/ medium 3076 (30.14) 387 (26.69) 97 (25.53) 1679 (31.14) 883 (30.76) 30(26.32)
metropolitan
Rural 988 (9.68) 128 (8.83) 23 (6.05) 547 (10.15) 280 (9.75) 10 (8.77)
Self-reported HIV Status <001
Positive 955 (9.35) 108 (7.44) 26 (6.82) 411 (7.62) 395 (13.74) 15 (13.16)
Negative 7143 (69.91)  1102(75.95)  302(79.27) 3566 (66.05) 2080 (72.35) 93 (81.58)
Unknown 2119 (20.74) 241 (16.61) 53 (13.91) 1419 (26.32) 400 (13.91) 6 (5.26)
Total 10,217 1451 381 5396 2875 114

8 Chi-square test for difference in characteristics between recruitment types.
b NHBS: National HIV Behavioral Surveillance System.
C There were 11 participants living in US territories or provided military addresses, which could not have an NCHS urban/rural category assigned.

Most participants reported having anal sex without a condom
with another man within the past 12 months (Table 3).
Compared to HIV-negative/unknown status participants, those
who were HIV-positive were significantly more likely to report
anal intercourse without a condom (adjusted OR [AOR] 1.86,
95% CI 1.59-2.18), including with male partners who were of
discordant or unknown status (AOR 2.75, 95% CI 2.36-3.20).
Within each serostatus group, anal intercourse without acondom

http://publichealth.jmir.org/2017/1/e13/

RenderX

differed significantly by age group (HIV-positive and
HIV-negative/unknown status participants), and recruitment
website (HIV-negative/unknown status participantsonly). Ana
intercourse without a condom with partners of discordant or
unknown HIV status differed significantly by race/ethnicity
(HIV-positive  participants only), recruitment website
(HIV-positive participants only), and age
(HIV-negative/unknown status participants only).
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Table 3. Sexua Behaviors with Male Partners of MSM Participants in the American Men's Internet Survey, United States, 2015.

Participant characteristics n Sexual behaviors with male partnersin the past 12 months
Anal intercourse without a condom Anal intercourse without a condom with a
partner of discordant or unknown HIV status
n (%) pa n (%) pa
HIV positive overall 955 721 (75.50) <.001P 329 (34.45) <.001P

Race/Ethnicity

Black, non-Hispanic 161 105 (65.22) .08 35(21.74) .002
Hispanic 152 113 (74.34) .70 48 (31.58) 92
White, non-Hispanic 573 454 (79.23) REF 221 (38.57) REF
Other or multiple races 69 49 (71.01) .50 25 (36.23) 37
Age (years)
15-24 50 40 (80.00) .83 18 (36.00) .76
25-29 107 92 (85.98) .04 42 (39.25) 37
30-39 181 147 (81.22) 91 68 (37.57) 45
=40 617 442 (71.64) REF 201 (32.58) REF

NHBS city resident®
Yes 422 305 (77.01) 14 142 (33.65) 83
No 533 396 (74.30) REF 187 (35.08) REF

Recruitment type

Gay social networking 108 79 (73.15) .35 48 (44.44) .18
General gay interest 26 22 (84.62) .30 12 (46.15) 37
Genera social networking 413 290 (70.22) REF 137 (33.17) REF
Geospatial social networking 408 330 (80.88) 59 132 (32.35) .01
HIV negative or unknown overall 9262 5843 (63.09) REF 1581 (17.07) REF

Race/Ethnicity

Black, non-Hispanic 514 316 (61.48) .55 92 (17.90) 44
Hispanic 1235 804 (65.10) 27 248 (20.08) .05
White, non-Hispanic 6718 4244 (63.17) REF 1116 (16.61) REF
Other or multiple races 795 479 (60.25) .05 125 (15.72) .06
Age (years)
15-24 2771 1713 (61.82) <.001 524 (18.91) .001
25-29 1476 1072 (72.63) <.001 257 (17.41) .63
30-39 1306 930 (71.21) <.001 224 (17.15) 37
>40 3709 2128 (57.37) REF 576 (15.53) REF
NHBS city resident®
Yes 3309 2055 (62.10) 17 570 (17.23) .82
No 5953 3788 (63.63) REF 1011 (16.98) REF
Recruitment type
Gay socia networking 1343 706 (52.57) <.001 222 (16.53) 49
General gay interest 363 234 (64.46) .59 60 (16.53) 87
General social networking 5028 3120 (62.05) REF 816 (16.23) REF
Geospatial socia networking 2528 1783 (70.53) <.001 483 (19.11) .06
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aWald chi-square from multivariate logistic regression comparing behavior (yes vs no) among group with some characteristic compared to a referent

(REF) group.

b wald chi-square from multivariate logistic regression comparing behavior (yes vs no) among HIV-positive participants compared to HIV-negative
or unknown serostatus participants. Model controlled for race/ethnicity, age, NHBS residency, and recruitment type.

C NHBS: National HIV Behavioral Surveillance System.

Almost one-quarter (235/955, 24.6%) of HIV-positive
participants reported using marijuana in the past 12 months
(Table 4). Compared to HIV-negative/lunknown status
participants, HIV-positive participants were significantly more
likely to report use of marijuana(AOR 1.43, 95% Cl 1.22-1.69)
and other illicit substances in the past 12 months (AOR 2.20,
95% CI 1.88-2.59). Within each serostatus group, use of
marijuana and other illicit substances differed significantly by

http://publichealth.jmir.org/2017/1/e13/

RenderX

age (HIV-positive and HIV-negative/lunknown status
participants), residence in an NHBS city
(HIV-negative/lunknown  status participants only), and

recruitment website type (HIV-negative/lunknown status
participants only). Marijuana use also differed significantly by
recruitment website among HIV-positive participants. Use of
other illicit substances differed significantly by race/ethnicity
among HIV-negative/unknown status participants.
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Table 4. Substance using behaviors of MSM participants in the American Men's Internet Survey, United States, 2015.

Participant characteristics n Substance use behaviors in the past 12 months

Used marijuana Used other substance(s)

n (%) pa n (%) pa
HIV positive overall 955 235 (24.61) <001° 273 (28.59) <001°

Race/Ethnicity

Black, non-Hispanic 161 40 (24.84) .35 31(19.25) .06
Hispanic 152 39 (25.66) .89 49 (32.24) 39
White, non-Hispanic 573 144 (25.13) REF 175 (30.54) REF
Other or multiple races 69 12 (17.39) .07 18 (26.09) .60
Age (years)
15-24 52 15 (30.00) .88 14 (28.00) 48
25-29 109 43 (40.19) .003 43 (40.19) 02
30-39 187 53 (29.28) 67 69 (38.12) 19
>40 627 124 (20.10) REF 147 (23.82) REF
NHBS city resident®
Yes 422 110 (26.07) 35 125 (29.62) 45
No 533 125 (23.45) REF 148 (27.77) REF
Recruitment type
Gay social networking 108 20 (18.52) .89 28 (25.93) 97
Genera gay interest 26 4(15.38) 48 7 (26.92) .93
General social networking 413 90 (21.79) REF 95 (23.00) REF
Geospatial social networking 408 121 (29.66) .04 143 (35.05) 14
HIV negative or unknown overall 9262 2127 (22.96) REF 1622 (17.51) REF

Race/Ethnicity

Black, non-Hispanic 514 91 (17.70) .06 67 (13.04) .02
Hispanic 1235 296 (23.97) 78 220 (17.81) 84
White, non-Hispanic 6718 1570 (23.37) REF 1200 (17.86) REF
Other or multiple races 795 170 (21.38) .32 135 (16.98) .94
Age (years)

15-24 2771 854 (30.82) <.001 543 (19.60) .02
25-29 1476 437 (29.61) <.001 356 (24.12) <.001
30-39 1306 297 (22.74) 16 254 (19.45) 96
=40 3709 539 (14.53) REF 469 (12.64) REF

NHBS ity resident®

Yes 3309 793 (23.96) .002 633 (19.13) <.001

No 5953 1334 (22.41) REF 989 (16.61) REF
Recruitment type

Gay socia networking 1343 187 (13.92) .02 167 (12.43) 13

General gay interest 363 74 (20.39) 92 57 (15.70) 44

General socia networking 5028 1244 (24.74) REF 859 (17.08) REF

Geospatial socia networking 2528 622 (24.60) .004 539 (21.32) <.001

a\Wald chi-square from multivariable logistic regression comparing behavior (yes vs no) among group with some characteristic compared to a referent
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b wald chi-square from multivariable logistic regression comparing behavior (yes vs no) among HIV-positive participants compared to HIV-negative
or unknown serostatus participants. Model controlled for race/ethnicity, age, NHBS residency, and website type.

¢ NHBS: National HIV Behavioral Surveillance System.

HIV testing behaviorswere examined among those who did not
report being HIV-positive (Table 5). Most participants
(7327/9262, 79.11%) reported having been previoudly tested
for HIV infection, and just over haf (5158/9262, 55.69%)

reported being tested in the past 12 months. HIV testing
behavior, both ever tested and tested in past 12 months, differed
significantly by age, residencein an NHBS city, and recruitment
website type.

Table 5. HIV testing behaviors of HIV-negative or unknown status MSM participantsin the American Men's I nternet Survey, United States, 2015.

Participant characteristics n HIV testing behaviors
HIV tested ever HIV tested past 12 months
n (%) pa n (%) pa

Race/Ethnicity

Black, non-Hispanic 514 445 (86.58) .06 333 (64.79) .02

Hispanic 1235 948 (76.76) 35 715 (57.89) 37

White, non-Hispanic 6718 5314 (79.10) REF 3645 (54.26) REF

Other or multiple races 795 620 (77.99) .99 465 (58.49) .81
Age (years)

15-24 2771 1599 (57.70) <.001 1286 (46.41) <.001

25-29 1476 1269 (85.98) <.001 903 (61.18) <.001

30-39 1306 1160 (88.82) <.001 858 (65.70) <.001

40 or older 3709 3299 (88.95) REF 2111 (56.92) REF
NHBS ity resident®

Yes 3309 2774 (83.83) <.001 2075 (62.71) <.001

No 5953 4553 (76.48) REF 3083 (51.79) REF
Recruitment type

Gay social networking 1343 1122 (83.54) <.001 713 (53.09) .005

General gay interest 363 311 (85.67) 87 189 (52.07) .002

General socia networking 5028 3694 (73.47) REF 2512 (49.96) REF

Geospatial socia networking 2528 2200 (87.03) <.001 1744 (68.99) <.001
Total 9262 7327 (79.11) 5158 (55.69)

@\Wald chi-square from multivariable logistic regression comparing behavior (yes vs no) among group with some characteristic compared to a referent

(REF) group.
b NHBS: National HIV Behavioral Surveillance System.

Compared to HIV-negative/unknown status participants,
HIV-positive participants were significantly more likely to
report sexually transmitted infection (STI) testing (AOR 4.00,
95% Cl 3.43-4.68) and STI diagnosis (AOR 3.83, 95% CI
3.20-4.59) in the past 12 months (Table 6). The most common
STI diagnosis among HIV-positive participants was syphilis
(144/955, 15.1%), whereas gonorrhea was the most common
STI diagnosisamong HIV-negative/unknown status participants

http://publichealth.jmir.org/2017/1/e13/

(427/9262, 4.61%). Among HIV-negative/lunknown status
participants, ST testing differed significantly by race/ethnicity,
age, and residence in an NHBS city. Among both HIV-positive
and HIV-negative/unknown status participants, STI testing
differed significantly by recruitment website type and STI
diagnosis differed significantly by age, NHBS city residence,
and recruitment website type.
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Table 6. Sexually transmitted infection testing and diagnosis of MSM participants in the American Men's Internet Survey, United States, 2015.

Participant characteristics n STI History in the Past 12 Months

Tested for any STI2 Diagnosed with any STI2

n (%) pb n (%) pb
HIV positive overall 955 685 (71.73) <.001¢ 245 (25.65) <.001¢

Race/Ethnicity

Black, non-Hispanic 161 116 (72.05) 39 48 (29.81) 10
Hispanic 152 109 (71.71) .29 50 (32.89) 75
White, non-Hispanic 573 413 (72.08) REF 130 (22.69) REF
Other or multiple races 69 47 (68.12) 32 17 (24.64) .25
Age (years)
15-24 50 44 (88.00) .09 23 (46.00) .02
25-29 107 89 (83.18) 45 43 (40.19) .09
30-39 181 152 (83.98) .56 66 (36.46) 77
240 617 400 (64.83) REF 113 (18.31) REF

NHBS city resident?
Yes 422 313 (74.17) 10 128 (30.33) 007
No 533 372 (69.79) REF 117 (21.95) REF

Recruitment website type

Gay social networking 108 71 (65.74) .81 21 (19.44) 40
General gay interest 26 15 (57.69) 25 3(11.54) 26
General socia networking 413 276 (66.83) REF 79 (19.13) REF
Geospatial socia networking 408 323 (79.17) .006 142 (34.80) .003
HIV negative or unknown overall 9262 3568 (38.52) REF 752 (8.12) REF

Race/Ethnicity

Black, non-Hispanic 514 241 (46.89) .01 57 (11.09) .07
Hispanic 1235 543 (43.97) 92 150 (12.15) 04
White, non-Hispanic 6718 2458 (36.59) REF 481 (7.16) REF
Other or multiple races 795 326 (41.01) .30 64 (8.05) .03
Age (years)
15-24 2771 997 (35.98) <.001 229 (8.26) 46
25-29 1476 753 (51.02) <.001 169 (11.45) <.001
30-39 1306 639 (48.93) .004 154 (11.79) 15
>40 3709 1179 (31.79) REF 200 (5.39) REF
NHBS city resident®
Yes 3309 1493 (45.12) <.001 350 (10.58) <.001
No 5953 2075 (34.86) REF 402 (6.75) REF
Recruitment website type
Gay socia networking 1343 365 (27.18) <.001 59 (4.39) .04
General gay interest 363 143 (39.39) 88 23 (6.34) 27
Genera social networking 5028 1746 (34.73) REF 313 (6.23) REF
Geospatial social networking 2528 1314 (51.98) <.001 357 (14.12) <.001

@ Sexually transmitted infection (STI) includes chlamydia, gonorrhea, and syphilis.
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b\wald chi-square from multivariable logistic regression comparing behavior (yes vs no) among group with some characteristic compared to a referent
(REF) group.

€ Wald chi-square from multivariable logistic regression comparing behavior (yes vs no) among HIV-positive participants compared to HIV-negative
or unknown serostatus participants. Model controlled for race/ethnicity, age, NHBS residency, and website type.

4 NHBS: National HIV Behavioral Surveillance System.

Figure 1. Number of MSM participants in the American Men's Internet Survey by state, 2015.
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Abstract

Background: With adramatic increase in mobile phone usein low- and middle-income countries, mobile health (mHealth) has
great potential to connect health care services directly to participants enrolled and improve engagement of care. Rural and remote
global settings may pose both significant challenges and opportunities.

Objective: The abjective of our study was to understand the demographics, phone usage and ownership characteristics, and
feasibility among patients in rural and remote areas of Kenya of having text messaging (short messaging service, SMS)-based
mHealth intervention for improvements in antenatal care attendance and routine immunization among children in Northern
Kenya

Methods: A survey-based descriptive study was conducted between October 2014 and February 2015 at 8 health facilitiesin
Northern Kenya as part of a program to scale up an mHealth service in rural and remote regions. The study was conducted at 6
government health facilitiesin Isiolo, Marsabit, and Samburu countiesin remote and northern arid lands (NAL). Two less remote
health facilitiesin Laikipiaand Meru counties in more populated central highlands were included as comparison sites.

Results: A total of 284 participants were surveyed; 63.4% (180/284) were from NAL clinics, whereas 36.6% (104/284) were
from adjacent central highland clinics. Inthe NAL, almost half (48.8%, 88/180) reported no formal education and 24.4% (44/180)
self-identified as nomads. The majority of participants from both regions had access to mobile phone: 99.0% (103/104) of
participants from central highlands and 82.1% (147/180) of participants from NAL. Among those who had access to a phone,
there were significant differences in network challenges and technology literacy between the 2 regions. However, there was no
significant difference in the proportion of participants from NAL and central highlands who indicated that they would like to
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receive a weekly SMS text message from their health care provider (90.0% vs 95.0%; P=.52). Overall, 92.0% (230/250) of
participants who had access to atelephone said that they would like to receive aweekly SM S text message from their health care
provider. Most phone users already spent the equivalent of 626 SM S text messages on mobile credit for personal use.

Conclusions: Despite the remoteness of northern Kenya's NAL, the results indicate that the majority of pregnant women or
care givers attending the maternal, newborn, and child health clinics have access to mobile phone and would like to receive text
messages from their health care provider. mHealth programs, if designed appropriately for these settings, may be an innovative
way for engaging women in care for improved maternal and newborn child health outcomes in order to achieve sustainable

development goals.

(JMIR Public Health Surveill 2017;3(1):€5) doi:10.2196/publichealth.5386

KEYWORDS

mobile health; text messaging; prenatal care; immunization; Kenya

Introduction

It has been widely documented that routine antenatal care (ANC)
visitsis one of the most effective methodsin reducing maternal
and child mortality and morbidity. Despite calls by the World
Health Organization (WHO) for a minimum of 4 ANC visits,
two-thirds of women living in Africa are able to attend ANC
clinic only once during their gestational period [1,2]. It is
estimated that 287,000 maternal deaths occur globally each year
due to preventable complications during pregnancy and
childbirth, 95% of which occur in sub-Saharan Africa and
Southern Asia [3,4]. Furthermore, approximately 240 women
per 100,000 live births die in low-income countries compared
with only 16 women per 100,000 live births in high-income
countries. African women experience 24 times the risk of
intrapartum stillbirth compared with women in high-income
settings [5-7]. Globally, there are around 3 million neonatal
deaths and 2.65 million stillbirths each year [7]. In Kenya, the
annual maternal mortality rate is 488 per 100,000 live births,
of which only 47% of women are able to attend al 4
recommended ANC visits and the magjority of them are from
urban areas[8-10]. A further declineis seen in the remote rural
areas of Kenya such as the northern and arid lands (NAL)
whereby only 40% of pregnant women attend 4 or more ANC
visits[8].

Routine immunization among children, on the contrary, is one
of the most effective public health interventions of the 20th
century. It has dramatically reduced global child morbidity and
mortality [11]. Despite this, an estimated 19.3 million children
did not receive vaccination for diphtheria, pertussis, and tetanus
(DPT3) in 2010, one-third of which livein Africa, resulting in
approximately 1.5 million preventable desths every year [12].
In Kenya, approximately 52 infants per 100, 000 die every year,
with only 77% receiving routine immunizations [8-10]. New
and innovative strategies are required to improve ANC
attendance among pregnant women and to increase routine
immunization coverage among children.

Mobile health (mHealth) is defined as mobile communication
technologiesto support health care[13,14]. Currently, thereare
approximately 7 billion mobile phone subscribers globally, 89%
of which are in low- and middle-income countries (LMICs)
[15,16]. In Kenya, for example, mobile phone penetration was
77% in 2012, with SMS text messaging (short messaging
service, SM S)-based communication ontherise[17]. The recent
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surge in mobile phone penetration alongside reduced cost has
improved the feasibility of mHealth programsin LMICs[18].
Available data outlines mHealth’s potential and ability to
connect health care services to pregnant women and mothers
by passing different hurdles that would otherwise keep various
health services inaccessible due to cost, distance, and
accessibility [18,19]. SMS text messaging—based mHealth
interventions can play a significant role in ensuring that the
expectant mothers are followed throughout the continuum of
caretill completion of routine immunization coverage of their
child [19].

Existing literature on mobile phone use in Kenya focuses on
mobile phone penetration, trends in uptake of mobile
communication services, corporate market share, mobile
consumer-based services available, ANC visits improvement,
SMSS text message reminders and conditional cash transfer to
improve routine immunization coverage, potential for mHealth
interventions based on phone ownership and penetration, and
engagement of care [20-26]. Few studies, however, examine
the demographic characteristics of mobile phone users, their
usage patterns, ownership, and mobile phones' potential for
improving engagement with health care providers and access
to health services, specifically inaremote and rural population.

Thereisavast differencein health indicatorsfor NAL compared
withrest of the Kenya, particularly for health-seeking behavior,
maternal and child mortality, and immunization coverage. In
this study, we aimed to assess the feasibility of implementing
an SM S text messaging—based mHealth intervention intended
to connect expectant mothers and child caregivers with their
health care providersin rural and remote regions of Kenya. Our
objectives were to examine region-based differencesin mobile
phone access and mHealth perceptions among visitors to
antenatal and routine immunizations clinics in 8 regions of
northern Kenya.

Methods

Between October 13, 2014, and February 20, 2015, participants
wererecruited from antenatal and routine immunization clinics
at 8 hedth facilities in northern Kenya as part of a Grand
Challenges Canada phase 2 “transition to scale” and Amref
Health Africa as pat of government of Kenyadled
AphiaPlus/Marisha program for the health strengthening in the
region [26]. Six participating government health facilities, 2
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eachin Isiolo, Marsabit, and Samburu counties were located in
Kenya's remote NAL, and 2 clinics each were located in
Laikipia and Meru counties, which are less remote and more
densely surrounding northern region (central highlands). The
study received clearance from Amref Health Africa’s Ethics
and Scientific Review Committee on September 1, 2014. Figure
1lisagraphic depicting distribution of all 8 sites.

The study questionnaires included sections on patient
demographics, maobile phone usage patterns, the feasibility of
an SMS text messaging—based mHealth intervention, as well
asaccessibility to primary health centers. Because the proposed
mHealth intervention (Wel Tel) used weekly SM Stext messages
and allowed for shared phone access, questions related to this
were included [27]. Inclusion criteria comprised pregnant
women visiting the antenatal clinic, caregivers attending the
routine immunizations clinics for children, and the ahility to
provide informed consent. The formal sample size calculation
was not done; however, atarget of 280 completed surveys was
set. Consecutive convenience sampling was used to recruit
patients whereby health care workers at the point of triage
referred patients to study staff as patients arrived for their
scheduled ANC and routine immunization appointments.

Kazi et a

Structured questionnaires were administered in either English
or Kiswahili depending on apatient’s preference and proficiency
with English by trained study staff having command over both
languages. All participants included in the study were asked to
sign the informed consent, and thumb impression was taken
from those who wereilliterate or could not sign. Questionnaires
were administered in a private place to ensure patient
confidentiality and reduce the likelihood of response bias. No
incentive was provided for participating in this study.

Prior to the study, questionnaires were devel oped and underwent
forward and backward translation to ensure semantic
consistency, and were piloted at one of the field sites before
being rolled out. The research staff received 2-day training on
research ethics, providing informed consent, administering the
study questionnaire, and the study protocols to be followed
throughout the course of the study. Continuous monitoring by
study coordinators occurred throughout the study to ensure that
data were collected as per the study protocol. All data was
double entered into an Access program and analyzed using IBM
SPSS Statistics version 23, with a level of significance in
reference to a 2-tailed, type 1 error set as <0.05. Univariate
analysiswas performed using the chi-square test or Fisher exact
test for dichotomous variables and the Mann-Whitney test for
continuous variables.

Figure 1. Geographic distribution of the eight sites participating in baseline survey in Kenya.
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Results

Distribution of the respondents among study sitesand popul ation
demographics at the study sites are shown in Table 1. Overall,
284 participants completed the survey from the 8 hedlth
facilities. Specifically, 63.4% (180/284) from the NAL clinics
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(Samburu, Isiolo, and Marsabit counties), and 36.6% (104/284)
patients participated from central highlands (Meru and Laikipia
counties). Overall, 98.6% (280/284) of the participants were
females, and the median age of participants was 26 years
(interquartile range, IQR 23-30 years). Forty-four percent
(125/284) of participants were pregnant women visiting the
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ANC clinic, whereas 56.0% (159/284) were caregiversof infants  attending the immunization clinic for routine immunizations.
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Table 1. Baseline characteristics of participants, by region.

Kazi et a

Characteristics Northern arid land (n=180)  Adjacent site (n=104) Total (N=284)
Visited department, n (%)
Antenatal care 72 (40.0) 53 (51.0) 125 (44.0)
Immunization 108 (60.0) 51 (49.0) 159 (56.0)
Facilities, n (%)
Isiolo district hospital 19 (11.0) 19(6.7)
Kinna health center 31(17.2) 31 (10.9)
Marala district hospital 30 (16.7) 30 (10.6)
Kisimamodel health center 58 (32.2) 58 (20.4)
Marsabit districts hospital 21 (11.7) 21(7.9)
Moyale district hospital 21(11.7) 21(7.4)
Meru level 5 hospital 53 (51.0) 53 (18.7)
Nanyuki reference hospital 51 (49.0) 51 (18.0)
Age, median (IQR?) 27 (23-30) 24 (22-29) 26 (23-30)
Gender, n (%)
Female 176 (97.8) 104 (100.0) 280 (98.6)
Male 4(2.2)
Marital status, n (%)
Single 8 (4.4) 15 (14.4) 23(8.1)
Married 164 (91.1) 84 (80.8) 248 (87.3)
Separated, widowed, or dating 8(4.4) 5(4.8) 13 (4.6)
Number of children, median (IQR) 2(1-9 1(1-1) 2(1-3)
Nomadic lifestyle, n (%) 44 (24.4) 7(6.7) 51 (18.0)
Formal education, n (%)
None 88 (48.9) 2(L9) 90 (31.7)
Primary 57 (3L.7) 30(28.8) 87 (30.6)
Secondary 24 (13.3) 41 (39.4) 65 (22.9)
College or University 11(6.2) 31(29.8) 42 (14.8)
Religion, n (%)
Christian 97 (53.9) 99 (95.2) 196 (69.0)
Islam 76 (42.2) 3(29) 79(27.8)
Others 7(3.9) 2(1.9) 9(3.)
Formally employed, n (%) 93 (51.7) 50 (48.0) 143 (50.3)
Preferred spoken language, n (%)
Swahili 77 (42.8) 48 (46.1) 125 (44.0)
Kiborana 54 (30.0) 54 (19.0)
Samburu 38 (211) 38(13.3)
Kimeru 3(16) 25(24.0) 28(9.9)
English 4(2.2) 18 (17.3) 22(7.7)
Other 4(22) 13 (12.5) 17 (6.0)

Distance from health center in minutes, mean (min-max)

64 (2-300, N=166)

35 (5-300, n=102)

53 (2-300, N=268)

3 QR: interquartile range.
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When compared with participants from central highlands, a
higher proportion of participantsfrom the NAL weremorelikely
to be married (91.1% vs 80.8%; P=.01) and self-identify as
nomadic (24.4% vs 6.7%; P<.001). Therewerelarge differences
in the proportion of participants who had received formal
education: 48.9 % (88/180) of respondents from NAL reported
having no formal education compared with 1.9% (2/104) from
central highlands (P<.01). Similarly, amuch higher proportion
of participants from the central highlands clinics could
understand (98.0% vs 52.2%; P<.001) and read (91.3% vs
46.7%; P<.001) common Swahili words (“mambo,” “sawa,”
and “ shida’) when compared with participantsfrom NAL. Fifty
percent (142/284) of the participants were employed of which
the most common occupation was cited as a business.

Overall, 74.3% of participants (211/284) owned amobile phone
across all sites. However, a significantly higher proportion of
participants from central highlands owned their phones when
compared with participants from NAL (94.2% vs 62.8%;
P<.001). Out of those who did not own a mobile phone 53.4%
(39/73) did have shared access to a mobile phone with (83.3%
vs 51.5%; P<.001) citing shared access in central highlands as
compared to NAL. This indicated that the majority of
participants from both the central highlandsand NAL had some
access to a mobile phone (99.0% vs 82.1%, P<.001).

A higher proportion of those from NAL were more likely to
experience network challenges (27.1% vs 14.6%; P<.001).
However, 92.1% (35/38) in NAL and 93.3% (14/15) at adjacent
site participants were able to overcome the network coverage
issues and only 9.2% (26/284) reported of a problem with
keeping their phone battery charged overall. Further participants
from NAL were less likely to be able to send an SMS text

Table 2. Regional differencesin mobile phone access.

Kazi et a

message (55.0% vs 95.1%; P<.001) when compared with
participantsfrom central highlands. Of thosewho were not able
to send an SM Stext message, 93.7% (59/63) in NAL and 80.0%
(4/5) in adjacent sites mentioned that atrusted individual could
respond on their behalf. Tables 2 and 3 show phone ownership
and usage characteristics and SM S text messaging and maobile
phone related outcomes.

Despiteregional differences, there was no significant difference
in the proportion of participants from NAL and central
highlands, who indicated that they would like to receive a
weekly SMS text message from their health care provider
(95.0% vs 97.0%; P=.52). Overall, more than 91.6% (230/251)
of participants who had accessto amobile phone indicated that
they would like to receive a weekly SMS text message from
their health care provider. Of these, 51.2% (124/242) preferred
SMSS text message as their mode of communication, whereas
48.8% (118/242) favored a phone call. Regiona variances
existed. Participants (78.2% vs 31.9%; P<.001) in central
highlands preferred SMS text message compared with NAL,;
however, participants (68.1% vs 21.8%; P<.001) in NAL
preferred phone calls as opposed to central highlands. Further,
62.5% (157/251) of responders preferred receiving SMS text
messages in Swahili. Moreover, 49.4% (124/251) cited no
time-of-day preference for receiving SMS text messages, and
40.6% (102/251) responded in favor of receiving 1 SMS text
message per week. The average amount of money spent on a
mobile phone by patients in the survey every month was 664
KSH (US $6.57), equivalent to about 170 minutes of talk time
or morethan 626 SM Stext messages. The mean distance of the
participants home from health care center was 53 minutes
(n=268/284).

Characteristic Northern arid land (n=180)  Adjacent region (n=104) Total (n=284) P value
Telephone access®, n (%) <.001
Access to telephone 147 (81.7) 103 (99.0) 250 (88.0)
No access to telephone 32(17.8) 1(1.0) 33(11.6)
Own phone 113 (62.8) 98 (94.2) 211 (74.3)
Shared phone 34 (18.9) 5(4.8) 39(13.7)
No telephone access 32(17.8) 1(1.0) 33(11.6)

8Mlissing data: 1 northern arid land.
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Table 3. Regional differencesin SMS text messaging— and phone-related outcomes, among those who had access to mobile phone.

Characteristics Northern arid land (n=147)  Surrounding northernregion Total (n=250) P value
(n=103)

Experienced network challenges®, n (%) <.001
No 102 (72.9) 88 (85.4) 190 (76.0)
Yes 38(27.1) 15 (14.6) 53 (21.2)

Problem keeping a phone chargedb, n (%) 41
No 124 (87.9) 94 (91.3) 218(89.3)
Yes 17 (12.1) 9(8.7) 26 (10.7)

Preferred mode of communication®, n (%) <.001
Text message 45 (31.9) 79(78.2) 124 (49.6)
Telephone call 96 (68.1) 22 (21.8) 118 (47.2)

Areableto send an SM'S text message®, n (%) <.001
Yes 77 (55.0) 97 (95.1) 174 (69.6)
No 63 (45.0) 5(4.9) 68 (27.2)

Would like to receive a weekly SM S text message from HCPS, n (%) 53
Yes 132 (95.0) 98 (97.0) 230 (92.0)
No 7 (5.0) 3(3.0) 10 (4.0)

3Mlissing data: 7 northern arid lands.

PMissi ng data: 6 northern arid lands.

®Missing data: 6 northern arid lands and 2 surrounding northern regions.
IMissi ng data: 7 northern arid lands and 1 surrounding northern region.

®Missing data: 8 northern arid lands and 2 surrounding northern region.

Discussion

Principal Findings

There is a sdignificant potentia for using mHealth
communication to strengthen health services for maternal,
newborn, and child health (MNCH) in remote underserved aress,
where access to health services can otherwise be extremely
limited. This study described the patients' access to mobile
phones in the health context in a remote rural population with
a high proportion of pastoralists and where maternal and child
morbidity and mortality are disproportionately high. The
majority of women and caregivers attending ANC and routine
immunization clinics had access to a mobile phone—82.1% in
NAL and 99.0% in the more popul ated highlands—and overall
92.0% of the participants indicated that they would like to
receive weekly SMS text messages. The millennium
development goals for maternal child health have not been
successfully achieved by 2015 at multiple LMICs including
Kenya. There is a broad consensus that mHealth can play an
essential roleinimproving the use of maternal and child health
services, which may ultimately support in decreasing morbidity
and mortality toward achieving a sustainabl e devel opment goal
of lessthan 70 maternal deaths per 100,000 live births globally
by 2030 [28].

The mobile phone ownership and access detailed in this study
were similar to those in other studies conducted among women
attending antenatal care at primary health centers in LMIC

http://publichealth.jmir.org/2017/1/e5/

settings [29-31]. There was a significantly high proportion of
participants from central highlands who owned mobile phones
compared with NAL (94.2% vs 62.8%). Similarly, 69.6% of
the participantsin central highlandswere ableto send SM Stext
messages compared with only 55.0% in NAL. Although around
half of the population in NAL was not able to send the SMS
text messages, a vast mgjority among them, 92.6%, trusted
someone who could send a message in their place. Social
innovations such as utilizing shared phone access, combined
with technological innovations, arelikely important to maximize
the reach to the magjority of the population who may benefit
from this support. In addition, if the messaging can be kept
simple, there may be an eagerness for women with even minimal
literacy to learn some basic texting. Thisindicates asignificant
opportunity for mHealth-based interventions to strengthen
MNCH programs in the region considered among the most
remote placesin the world.

Throughout the region, there was high acceptance among the
participants to receive SMS text messages (92%) from health
care providersinquiring about individual’s health. Importantly,
68.1% of NAL responder's and 21.8% in the adjacent sites
preferred phone call versus text messaging respectively. This
was similar to astudy conducted by Cormick et a in Argentina,
where respondentsfrom rural pollution compared with the urban
setup preferred talking on a phone versus texting [29]. In
addition to literacy, women might be wary of potential risk
brought about by stigma if afamily member or friend became
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privy to a patient's medical condition through SMS text
messaging. This suggeststhat the content of SM Stext messages
be carefully considered, and before implementing an SM S text
message-based mHealth intervention, some advocacy of the
intervention and teaching of SMS content and use might be
required for improved acceptability. Combining phone calls
with SMS text messages may also overcome some of the
barriers.

A number of SM S text message—based interventions have been
quite effective in different programs, particularly in treatment
adherence, smoke cessation, health care appointment attendance,
antenatal care attendance, and compliance for immunization
[29-34]. Also, adding incentives to SMS text messages have
shown a positive association. However, there is a cost
implication for scaling up thismodel at the country level [25,29].
The major focus up till now has been on SMS text message as
reminders or educational messages for improvement in
behavioral change related to MNCH in LMIC settings
[24,32,33]. The Wel Tel service proposed in this study population
utilized two-way SMS text messages that checked women's
status and provided an opportunity for triage of any health issues
they had on astandardized basis. Given the mobile phone access
and acceptability in both the ANC and post-delivery
immunization population, there is potential to maximized
interventions that can be delivered along the continuum of care
from early pregnancy and through childbirth to the newborn
period, through the immunization period in the first years of
life. Two-way SM Stext message—based models compared with
one-way SMS text message or a combination of automated
voice message or a phone call needs to be assessed [34]. This
isessential for understanding mHealth role for animprovement
in health-seeking and vaccine coverage behavior in LMIC setup
[30,32-35].

A significant hindrance for SM S text message—based mHealth
interventions is the level of education and literacy in some
populations. Compared with participants from NAL there was
a statistically significant difference in participants in central
highlands, who had received formal education and could
understand and write common Swahili words (Mambo, Sawa,
and Shida). Thereisalimitation of sending only 160 characters
as SM S text messages, which becomes even lesser if trandlated
into another language. However, these restrictions might help
in making the message simple and understandable, especially
to low-literacy population [33]. One example is Wel Tel-based
model in Kenya, inwhich single-word text “Mambo” in Swahili
(“How are you?’ in English) was sent once aweek to patients
starting antiretroviral therapy who were asked to respond as
“Sawa’ or “Shida’ (“fineor not fing”). In case of receiving “ not
fine” message, the health care providers caled the patients to
inquire regarding their status. This simple engagement in
mHealth model helped improve antiretroviral therapy adherence
and viral suppression [26]. Similar engagement in care model
can be used among women and caregivers attending ANC and
immunization clinicsto bring the needed behavioral changefor
improvement in the ANC attendance by pregnant women to
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least 4 visitsduring pregnancy and vaccination coverage to 90%
as recommended by WHO.

Although peoplein remote settings may stand the most to benefit
from mHealth, there are several unique challenges. Mobile
phone network challenges were encountered only by one-fifth
of the participants, morelikely in the remote regions, and among
them, more than 90% were able to overcome the network
coverage problem. Further, less than 10% of participants
reported challenges with keeping their phones charged.
Similarly, most small shops had a small fee for charging
services. Home solar charging units are becoming increasingly
popular. Our study supportsthe evidence demonstrating arapid
increase in mobile phone access among pregnant women and
caregivers of children eligible for routine immunization both
globally and in Africa, including in some of the most remote
regions of Africa such as northern Kenya. Overall, however,
these results are encouraging and show the potential for SMS
text messaging—based mHealth interventions in improving
communication of health care providerswith patientsand clinic
attendants to improve engagement in care and adherence.

Limitations

There are anumber of limitations to this study. The study was
limited to patientsenrolled in MNCH servicesin selected health
facilitiesin northern Kenya's NAL, and the results may not be
generalized to women who never attended the clinic for MNCH
care. Thismay be better assessed by acommunity-based survey.
Thisstudy wasal so of limited sample size and used a convenient
sampling method. In this case, acompromise was madeto allow
for rapid evaluation of the intended population for critical
phone-related heath characteristics that could assist
implementation of an already funded project. Nonetheless, this
survey provides new information and insight into the potential
for mHealth programs in MNCH in remote pastoral regions.
Additional studies are encouraged to evaluate the
cost-effectiveness, infrastructure, and human resources required
to implement behavioral change through simple mobile phone
and SM S text messaging—based interventions.

Conclusions

In conclusion, despite remoteness, the majority of the pregnant
women and caregivers visiting the antenatal care and routine
immuni zati on facilities had access to mobile phones and showed
high acceptability for weekly SMS text messages in northern
Kenya. Maobile phone accessis not, however, evenly distributed,
and some popul ations have lower levels of literacy or accessto
mobile phones or reliable network connections. Using |ow-cost
interventions such as SM S text messaging with simplelanguage
or by enabling voice calling that islocally appropriate may help
overcome some of these challenges. It isimportant for programs
aiming to reach those who typically haveleast health care access
to understand the details around phone access and ownership.
This study indicates that people living in remote regions, with
often poor access to quality health services, may aso be able
to harness the mobile phone revolution and be beneficiaries of
mHealth innovations.
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