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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 sexually 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 a male 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 CAS with a male partner in the past 3 months. Majority scored 3 of 9 epidemiology
questions correct (26.88%, 286/1064) and 5 of 8 transmission dynamics questions correct (25.00%, 266/1064). Participants
younger than 35 years, of non-Hispanic non-white or Hispanic race and ethnicity, with lower educational levels, and who reported
a sexual orientation other than homosexual 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 knowledge is equal and that some aspects might have a greater positive impact 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
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HIV infections; sexual minorities; social networking; risk reduction behavior; sexual behavior

Introduction
Gay, bisexual, and other men who have sex with men (GBMSM)
continue to 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 GBMSM [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 prevalence in
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 advances in our understanding of biomedical
approaches to reduce HIV transmission, such as preexposure
prophylaxis (PrEP) [5], actual 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, as it 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 sexual behavior in this community. The overall
proportions of GBMSM who reported engaging in condomless
anal sex (CAS) with a male partner within 12 months preceding
their NHBS interview were 48% in 2005, 54% in 2008, 57% in
2011, and 64% in 2014 [6,12].
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Interventions to prevent HIV transmission have been guided by
several
theoretical
approaches,
including
the
information-motivation-behavioral skills model [13], the AIDS
risk reduction model [14], the transtheoretical model of behavior
change [15], the health belief model [16], and social cognitive
theory [17]. According to the information-motivation-behavioral
skills model for individual-level changes in 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 refers generally to an individual’s knowledge
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 a true-false format 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 sexually 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 a social networking website
JMIR Public Health Surveill 2017 | vol. 3 | iss. 1 | e11 | p.2
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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 previously. In our case,
potential participants’ interests could have been broad in scope
(eg, lesbian, 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
advertisements included images of men kissing or holding hands,
the survey title (“The Prioritizing U survey: Tell us what
matters”), as well as the following call-to-action text: “Help the
University of Michigan understand what’s important to you and
your health.” Individuals who clicked through the banner
advertisements 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 criteria for 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 a male partner in the past
6 months. No monetary incentives were provided to the
participants for completing our survey. Ethical approval for this
study was obtained from the University of Michigan’s
Institutional Review Board.
Demographic information collected from all 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.
Several questions were used to elicit 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 partners in the past 3 months, sexual
positioning (insertive or receptive role), and condom use during
each encounter were used to construct another dichotomous
variable: engaged in CAS in the past 3 months versus not.
Finally, participants were asked a series of 17 knowledge-based
questions 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’s HIV 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-specific indices of detailed knowledge were created for
http://publichealth.jmir.org/2017/1/e11/
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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 analyses were conducted using SAS version 9.4 (SAS
Institute Inc). Because of our focus on whether detailed HIV
knowledge influences preventive and risky sexual behaviors
among at-risk GBMSM, we restricted our analyses 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 cumulative
logit models were used to identify factors independently
associated with each of the ordinal domain-specific indices of
detailed knowledge. Finally, 2 multivariable logistic regression
models were used to characterize 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, 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: 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% CIs.

Results
Overall, 352,997 advertising impressions resulted in 14,968
click-throughs to the survey landing page over a 4-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 a male 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
participants included in our analyses. Majority 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 “Someone you feel committed to above all 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.
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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 CAS with 2 men, and 139 (27.31%) had CAS with ≥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.
Frequency and percentage
distribution,

Tested for HIVa in the past
year (n=528),

Engaged in CASc in the past
3 months (n=509),

n (%)

n (%)b

n (%)d

18-34

315 (29.6)

184 (58.4)

188 (59.7)

35-54

435 (40.9)

212 (48.7)

212 (48.7)

≥55

314 (29.5)

132 (42.0)

109 (34.7)

Non-Hispanic white

852 (80.1)

387 (45.4)

411 (48.2)

Non-Hispanic non-whitef

94 (8.8)

57 (60.6)

42 (44.7)

Hispanic

118 (11.1)

84 (71.2)

56 (47.5)

Associate's or technical degree or lowerg

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)

Work full-time

778 (73.1)

390 (50.1)

397 (51.0)

Work part-time

121 (11.4)

63 (52.1)

59 (48.8)

165 (15.5)

75 (45.5)

53 (32.1)

Homosexual or gay

897 (84.3)

453 (50.5)

451 (50.3)

Otheri

167 (15.7)

75 (44.9)

58 (34.7)

Single

422 (39.7)

223 (52.8)

139 (32.9)

Partnered: monogamousj

462 (43.4)

185 (40.0)

274 (59.3)

Partnered: open relationshipk

180 (16.9)

120 (66.7)

96 (53.3)

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)

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 (38.8)

242 (58.6)

208 (50.4)

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)

Characteristic

Age group, yearse

Race and ethnicity

Educational level

Employment status

h

Other

Sexual orientation

Relationship status

Region

Know people living with HIV

Know people who died of HIV-related complications

a

HIV: human immunodeficiency virus.

b

Percentages indicate the proportion who had been tested for HIV in the past year within each stratum of demographic and behavioral characteristics.

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

XSL• FO
RenderX

JMIR Public Health Surveill 2017 | vol. 3 | iss. 1 | e11 | p.5
(page number not for citation purposes)

JMIR PUBLIC HEALTH AND SURVEILLANCE

Sharma et al

c

CAS: condomless anal sex.

d

Percentages indicate the proportion who engaged in CAS in the past 3 months within each stratum of demographic and behavioral characteristics.

e

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

f

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

Includes 110 with an associate's or technical degree, 261 with some college education, 77 with a high school diploma or General Educational Development
(GED), and 9 with some high school education.
h

Includes 78 retired, 30 unemployed, 26 who are collecting disability, 18 students, and 13 other.

i

Includes 139 bisexual, 10 heterosexual or straight, 13 questioning or unsure, 2 queer, and 3 other.

j

Described as “You and your partner are exclusively having sex with one another.”

k

Includes 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 selected 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 selected for questions
pertaining to transmission dynamics ranged from 21.05% (for
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question 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
response validity for almost all questions. The 2 domain-specific
indices of detailed knowledge were not correlated (Spearman
rank correlation coefficient=.03, P=.28).

JMIR Public Health Surveill 2017 | vol. 3 | iss. 1 | e11 | p.6
(page number not for citation purposes)

JMIR PUBLIC HEALTH AND SURVEILLANCE

Sharma et al

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 HIVa epidemiology (cor- Validity of selected
response,
rect answer)

Tested for HIV in the
past year (n=528),

Engaged in CASc in the past
3 months (n=509),

n (%)

n (%)b

n (%)d

Correct

250 (23.5)

124 (49.6)

115 (46.0)

Incorrect

814 (76.5)

404 (49.6)

394 (48.4)

Correct

531 (49.9)

264 (49.7)

256 (48.2)

Incorrect

533 (50.1)

264 (49.5)

253 (47.5)

Correct

287 (27.0)

140 (48.8)

134 (46.7)

Incorrect

777 (73.0)

388 (49.9)

375 (48.3)

Correct

302 (28.4)

154 (51.0)

150 (49.7)

Incorrect

762 (71.6)

374 (49.1)

359 (47.1)

Correct

427 (40.1)

210 (49.2)

214 (50.1)

Incorrect

637 (59.9)

318 (49.9)

295 (46.3)

Correct

506 (47.6)

257 (50.8)

243 (48.0)

Incorrect

558 (52.4)

271 (48.6)

266 (47.7)

Correct

230 (21.6)

112 (48.7)

123 (53.5)

Incorrect

834 (78.4)

416 (49.9)

386 (46.3)

Correct

222 (20.9)

116 (52.3)

116 (52.3)

Incorrect

842 (79.1)

412 (48.9)

393 (46.7)

Correct

610 (57.3)

324 (53.1)

305 (50.0)

Incorrect

454 (42.7)

204 (44.9)

204 (44.9)

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

2. Approximately how many people in the United States are currently
living with HIV? (1.2 million)

3. What percentage of all those living with HIV in the United States
do not know that they are infected? (14%)

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)

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

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

7. Who had the highest percentage of newly identified HIV-positive
test results in 2010? (Transgender individuals or those who do not
identify with their assigned sex at birth)

8. Specifically among young people aged 13-24 years, what percentage
of all new HIV infections did young men who have sex with men account for in 2010? (72%)

9. Among gay and bisexual men in 2013, _____ accounted for the
largest estimated percentage of HIV diagnoses followed by _____
and _____. (African Americans, Whites, Hispanics or Latinos)

a

HIV: human immunodeficiency virus.

b

Percentages indicate the proportion who had been tested for HIV in the past year within each stratum of response validity.

c

CAS: condomless anal sex.
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d

Percentages indicate the proportion who engaged in CAS in 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.
Questions assessing detailed knowledge about HIVa transmission dynamics Validity of selected response,
(correct answer)

Tested for HIV in the
past year (n=528),

Engaged in CASc in the
past 3 months (n=509),

n (%)

n (%)b

n (%)d

Correct

486 (45.7)

254 (52.3)

233 (47.9)

Incorrect

578 (54.3)

274 (47.4)

276 (47.8)

Correct

493 (46.3)

252 (51.1)

238 (48.3)

Incorrect

571 (53.7)

276 (48.3)

271 (47.5)

Correct

348 (32.7)

170 (48.9)

160 (46.0)

Incorrect

716 (67.3)

358 (50.0)

349 (48.7)

Correct

224 (21.1)

106 (47.3)

105 (46.9)

Incorrect

840 (78.9)

422 (50.2)

404 (48.1)

Correct

734 (69.0)

379 (51.6)

366 (49.9)

Incorrect

330 (31.0)

149 (45.2)

143 (43.3)

Correct

707 (66.4)

359 (50.8)

343 (48.5)

Incorrect

357 (33.6)

169 (47.3)

166 (46.5)

Correct

653 (61.4)

338 (51.8)

310 (47.5)

Incorrect

411 (38.6)

190 (46.2)

199 (48.4)

Correct

676 (63.5)

345 (51.0)

337 (49.9)

Incorrect

388 (36.5)

183 (47.2)

172 (44.3)

1. The estimated probability of HIV infection per-act of receptive anal
intercourse (receiving the penis into the anus, also known as bottoming)
without any means of prevention is _____ per 10,000 exposures. (138)

2. The estimated probability of HIV infection per-act of insertive anal
intercourse (inserting the penis into the anus, also known as topping)
without any means of prevention is _____ per 10,000 exposures. (11)

3. The estimated probability of HIV infection per-act of receptive
vaginal intercourse (receiving the penis into the vagina) without any
means of prevention is _____ per 10,000 exposures. (8)

4. The estimated probability of HIV infection per-act of insertive
vaginal intercourse (inserting the penis into the vagina) without any
means of prevention is _____ per 10,000 exposures. (4)

5. The estimated probability of acquiring HIV from kissing without
any means of prevention is _____ per 10,000 exposures. (0)

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)

7. The estimated probability of acquiring HIV from a mosquito bite
without any means of prevention is _____ per 10,000 exposures. (0)

8. What is the probability of acquiring HIV from receptive or insertive
oral sex without using any means of prevention? (Extremely low)

a

HIV: human immunodeficiency virus.

b

Percentages indicate the proportion who had been tested for HIV in the past year within each stratum of response validity.

c

CAS: condomless anal sex.

d

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

Table 4 presents results from our cumulative logit models used
to identify factors independently associated with each of the
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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 knowledgeable 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 findings were observed for participants with a bachelor’s
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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.
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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.
Characteristic

Detailed HIVa epidemiology knowledgeb Detailed HIV transmission dynamics
knowledged
aORc (95% CI)
aOR (95% CI)

Age group, yearse
18-34

Reference

Reference

35-54

0.79 (0.59-1.07)

1.48 (1.10-2.01)f

≥55

0.70 (0.50-1.00)

1.56 (1.10-2.21)f

Non-Hispanic white

Reference

Reference

Non-Hispanic non-whiteg

1.11 (0.75-1.63)

0.63 (0.43-0.92)f

Hispanic

0.90 (0.63-1.28)

0.70 (0.49-0.99)f

Associate's or technical degree or lowerh

Reference

Reference

Bachelor’s degree

1.01 (0.78-1.30)

1.74 (1.35-2.25)f

Master’s or doctoral degree

1.36 (1.04-1.79)f

2.41 (1.82-3.17)f

Work full-time

Reference

Reference

Work part-time

0.72 (0.50-1.04)

0.80 (0.55-1.14)

Otheri

0.73 (0.53-1.00)

1.06 (0.77-1.45)

Homosexual or gay

Reference

Reference

Otherj

0.82 (0.60-1.13)

0.57 (0.41-0.78)f

Single

Reference

Reference

Partnered: monogamousk

1.00 (0.78-1.28)

0.90 (0.70-1.15)

Partnered: open relationshipl

1.34 (0.97-1.85)

0.99 (0.72-1.36)

West

Reference

Race and ethnicity

Educational level

Employment status

Sexual orientation

Relationship status

Region
Reference

Midwest

0.71 (0.52-0.97)

f

0.86 (0.63-1.18)

Northeast

0.71 (0.50-0.99)f

0.80 (0.57-1.13)

South

0.91 (0.68-1.22)

0.95 (0.71-1.28)

No

Reference

Reference

Yes: 1-2 people

0.89 (0.67-1.17)

1.11 (0.83-1.47)

Yes: ≥3 people

0.95 (0.71-1.27)

1.76 (1.31-2.36)f

No

Reference

Reference

Yes: 1-2 people

0.85 (0.63-1.15)

0.98 (0.73-1.32)

Yes: ≥3 people

0.95 (0.69-1.31)

0.80 (0.58-1.10)

Know people living with HIV

Know people who died of HIV-related complications

a

HIV: human immunodeficiency virus.
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b

Ordinal 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).
c

aOR: adjusted odds ratio.

d

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).
e

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

f

These results indicate a statistically significant association.

g

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

Includes 110 with an associate's or technical degree, 261 with some college education, 77 with a high school diploma or General Educational Development
(GED), and 9 with some high school education.
i

Includes 78 retired, 30 unemployed, 26 who are collecting disability, 18 students, and 13 other.

j

Includes 139 bisexual, 10 heterosexual or straight, 13 questioning or unsure, 2 queer, and 3 other.

k

Described as “You and your partner are exclusively having sex with one another.”

l

Includes 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 CAS in
the past 3 months are summarized in Table 5. After adjusting
for other characteristics, increasing levels of detailed knowledge
about HIV epidemiology were not significantly associated with
either of these analytical outcomes. However, increasing levels
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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.
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Table 5. Factors independently 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 HIVa in the past year

Engaged in CASc in the past 3 months

aORb (95% CI)

aOR (95% CI)

Detailed HIV epidemiology knowledged

1.01 (0.93-1.11)

1.06 (0.97-1.17)

Detailed HIV transmission dynamics knowledgee

1.10 (1.01-1.20)f

1.05 (0.96-1.15)

18-34

Reference

Reference

35-54

0.53 (0.37-0.77)f

0.46 (0.32-0.67)f

≥55

0.44 (0.29-0.67)f

0.33 (0.22-0.52)f

Non-Hispanic white

Reference

Reference

Non-Hispanic non-whiteh

1.81 (1.13-2.90)f

0.82 (0.51-1.30)

Hispanic

2.67 (1.70-4.18)f

0.82 (0.54-1.26)

Associate’s or technical degree or loweri

Reference

Reference

Bachelor’s degree

0.92 (0.67-1.26)

0.76 (0.56-1.04)

Master’s or doctoral degree

1.20 (0.85-1.68)

1.77 (0.54-1.08)

Work full-time

Reference

Reference

Work part-time

1.06 (0.69-1.65)

0.90 (0.58-1.40)

1.04 (0.71-1.53)

0.55 (0.37-0.83)f

Homosexual or gay

Reference

Reference

Otherk

0.93 (0.63-1.36)

0.81 (0.54-1.20)

Single

Reference

Reference

Partnered: monogamousl

0.57 (0.42-0.76)f

3.10 (2.30-4.19)f

Partnered: open relationshipm

1.79 (1.21-2.66)f

2.34 (1.59-3.45)f

West

Reference

Reference

Midwest

0.59 (0.40-0.87)f

1.11 (0.76-1.63)

Northeast

0.61 (0.40-0.92)f

1.10 (0.73-1.67)

South

0.84 (0.59-1.20)

1.02 (0.71-1.45)

Age group, yearsg

Race and ethnicity

Educational level

Employment status

j

Other

Sexual orientation

Relationship status

Region

Know people living with HIV
No

Reference

Reference

Yes: 1-2 people

1.59 (1.13-2.24)

f

2.05 (1.45-2.91)f

Yes: ≥3 people

3.05 (2.12-4.40)f

2.27 (1.57-3.29)f

No

Reference

Reference

Yes: 1-2 people

0.84 (0.59-1.21)

0.99 (0.69-1.42)

Know people who died of HIV-related complications
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Yes: ≥3 people
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Tested for HIVa in the past year

Engaged in CASc in the past 3 months

aORb (95% CI)

aOR (95% CI)

0.68 (0.46-1.01)

0.63 (0.42-0.93)f

a

HIV: human immunodeficiency virus.

b

aOR: adjusted odds ratio.

c

CAS: condomless anal sex.

d

Ordinal 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).
e

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).
f

These results in italics indicate a statistically significant association.

g

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

h

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

Includes 110 with an associate's or technical degree, 261 with some college education, 77 with a high school diploma or General Educational Development
(GED), and 9 with some high school education.
j

Includes 78 retired, 30 unemployed, 26 who are collecting disability, 18 students, and 13 other.

k

Includes 139 bisexual, 10 heterosexual or straight, 13 questioning or unsure, 2 queer, and 3 other.

l

Described as “You and your partner are exclusively having sex with one another.”

m

Includes 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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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 differences were more pronounced
in the knowledge domain of HIV transmission dynamics
compared with HIV epidemiology. Younger participants, racial
and ethnic minorities, those with a lower educational level, those
who did not identify as homosexual or gay, and those who
personally knew fewer than 3 people living with HIV were
significantly less knowledgeable about HIV transmission
dynamics. In light of our result that increasing levels of 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 CAS in 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 biomedical 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
sexually active GBMSM should be tested for HIV at least
annually [11], and those who have multiple partners or use illicit
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 NHBS wherein more than two-thirds of 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, this task
may be achieved by encouraging them to access publicly
available information on CDC’s HIV 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 increases in 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 potentially yield
substantial prevention benefits. Previous research with racial
and ethnic minorities has found a correlation between subjective
HIV knowledge and testing [28]. Furthermore, the variety of
acceptable 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, almost half of our
participants reported having engaged in CAS in the past 3
months, more than a third of whom had 2 or more male partners.
According to a recent meta-analysis, the risk of HIV acquisition
through sexual contact is the greatest for receptive CAS, ranging
from 102 to 186 per 10,000 exposures [31]. Therefore, it is a
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 sexually 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 GBMSM
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
contrasts with previous research among GBMSM that has linked
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 a greater awareness of specific factual
details might not be necessary to effect risk reduction. Another
explanation for our null result could be that theoretical constructs
other than information, such as motivation to practice preventive
behaviors, might be more influential 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 individuals 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].

Strengths and Limitations
Strengths of our study include evaluating associations 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, it is unlikely
that the same individual 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 efforts targeting
members of this community.

underrepresentation of racial and ethnic minority GBMSM in
our sample is analogous to previous Web-based research studies
[44]. Reduced access to 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.

However, we acknowledge there are several limitations to our
study. Caution must be exercised in generalizing results to users
of other social networking websites, all Web-using GBMSM,
and those in the general 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

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 as important as educating those who
are sexually active regarding transmission dynamics.
Researchers and practitioners designing public health messages
targeting GBMSM should bear in mind that not all 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.

Conclusions
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