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Background: We examined condom use patterns and potential population-
level effects of a hypothetical condom intervention on human immunodeficiency
virus (HIV) transmission among adolescent sexual minority males (ASMM).
Methods:Using 3 data sets: national Youth Risk Behavior Survey 2015 to
2017 (YRBS-National), local YRBS data from 8 jurisdictions with sex of
partner questions from 2011 to 2017 (YRBS-Trends), and AmericanMen's
Internet Survey (AMIS) 2014 to 2017, we assessed associations of condom
usewith year, age, and race/ethnicity among sexually active ASMM. Using a
stochastic agent-based network epidemic model, structured and parameter-
ized based on the above analyses, we calculated the percent of HIV infections
averted over 10 years among ASMM ages 13 to 18 years by an intervention
that increased condom use by 37% for 5 years and was delivered to 62% of
ASMM at age 14 years.
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Results: In YRBS, 51.8% (95% confidence interval [CI], 41.3–62.3%)
and 37.9% (95% CI, 32.7–42.3%) reported condom use at last sexual inter-
course in national and trend data sets, respectively. In AMIS, 47.3% (95%
CI, 44.6–49.9%) reported condom use at last anal sex with a male partner.
Temporal trends were not observed in any data set (P > 0.1). Condom use
varied significantly by age in YRBS-National (P < 0.0001) and YRBS-Trends
(P = 0.032) with 13- to 15-year-olds reporting the lowest use in both; age
differences were not significant in AMIS (P = 0.919). Our hypothetical in-
tervention averted a mean of 9.0% (95% simulation interval, −5.4% to
21.2%) of infections among ASMM.
Conclusions: Condom use among ASMM is low and appears to have re-
mained stable during 2011 to 2017. Modeling suggests that condom use in-
creases, consistent with previous interventions, have potential to avert 1 in
11 new HIV infections among ASMM.

A dolescent sexual minority males (ASMM) are at substantial
risk for human immunodeficiency virus (HIV) acquisition.

In the United States, male-male sex was the primary risk factor re-
corded in 94% of diagnosed HIV infections among 13- to 19-year-
old males in 2017,1 and recent cohort studies among urban
ASMM have found HIV incidences from 3.4 to 6.4/100 person-
years.2–4 Despite advances in HIV prevention, diagnoses among
U.S. ASMM remained stable from 2012 to 2017,1 indicating the
need to increase HIV prevention efforts for this population.

Condoms are highly effective at preventing HIV
transmission,5–7 but a recent meta-analysis found that 50% of
ASMM used a condom at last sex and 44% reported condomless
anal sex in the last 6 months,8 consistent with subsequent
studies.4,9–14 Similar to trends among adolescents overall15 and
adult men who have sex with men (MSM),16 1 study suggested
that condom use at last sex has been declining amongmale adoles-
cents who report only male partners.17 However, the majority of
ASMM have male and female partners,18 and previous estimates
have not been stratified by race/ethnicity or age.

Human immunodeficiency virus prevention has expanded
to include preexposure prophylaxis (PrEP) and treatment as preven-
tion,17,18 and previous epidemic modeling has demonstrated PrEP’s
potential impact on HIV incidence among ASMM.19–22 However,
low HIV testing rates23 and developmental, provider-related, and
regulatory barriers to PrEP use3 may limit antiretroviral-based pre-
vention’s potential among ASMM. Moreover, condoms are unique
in protecting against numerous sexually transmitted infections.
Multiple promising interventions to increase condom use among
ASMM and young MSM have been studied recently,24–28 although
few studies included boys in early high school or who have not
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sexually debuted. Modeling potential population-level effects of
trends in and interventions to promote condom use may motivate
and inform development and implementation of these interventions.

Here, we began by examining recent temporal patterns in
condom use among ASMM using 3 data sets. Given rapid behav-
ior change during adolescence29 and racial/ethnic disparities in
HIV burden,1 we stratified analyses by age and race/ethnicity.
We then incorporated results from these analyses into an epidemic
model to explore potential population-level effects of a hypotheti-
cal condom intervention on HIV transmission among ASMM.

METHODS

Data Sources

Youth Risk Behavior Surveillance System
Youth Risk Behavior Surveillance System (YRBSS) in-

cludes biennial national, state, territorial, tribal government, and
local school-based surveys of representative samples of 9th to
12th grade students.30 Since 2015, the national Youth Risk Behav-
ior Survey (YRBS) has included questions about sexual orienta-
tion and sex of sex partners, allowing identification of ASMM.
Some jurisdictions began including these questions as early as
2003 with increasing, sometimes inconsistent use over time. We
analyzed 2 YRBS data sets: national data from 2015 to 2017
(YRBS-National) for national representativeness and a compiled
data set of 8 jurisdictions that included these questions in all sur-
veys from 2011 to 2017 (YRBS-Trends) for trend analyses. These
jurisdictions (Delaware, Florida, Hawaii, Illinois, Michigan, New
York City, Rhode Island, San Diego) represent ~57 million people,
18% of the 2017 US population.31s In YRBS analyses, we defined
ASMM as male participants reporting any lifetime sexual contact
with men.

American Men’s Internet Survey
The American Men’s Internet Survey (AMIS) is an annual

Web-based behavioral survey of US cisgender males 15 years or
older reporting oral or anal sex with a man in the last year.32s,33s

Participants are recruited through convenience sampling using
website and social media advertisements. We analyzed 2014 to
2017 data to: (1) address potential limitations of YRBS, including
relatively few ASMM and not specifying sex of partners or sex act
type when measuring condom use, and (2) examine condom use in a
sample of ASMM who are potentially reachable through web-based
interventions and, on average, older and at higher HIV risk. Be-
cause recruitment strategies, eligibility, and outcome definitions
differ between YRBS and AMIS, comparing their sample compo-
sitions and behaviors provides insight into study design effects on
our understanding of HIV risk among ASMM. In AMIS analyses,
we defined ASMM as participants aged 15 to 18 years to match
YRBS as closely as possible.

Outcome Definitions
Our primary interest was in condom use among sexually

active ASMM. Youth Risk Behavior Surveillance System includes
1 condom use question, asked of respondents reporting 1 or more
partners in the past 3 months: “The last time you had sexual inter-
course, did you or your partner use a condom?” The American
Men's Internet Survey measures condom use in several ways; we
selected use during receptive or insertive anal sex at last sex with
the most recent male partner for comparability with YRBS and
to evaluate acts most relevant to HIV transmission. For ASMM
reporting 1 or more female partners, we also examined condom
use at most recent vaginal or anal sex with a woman.
974 Sexually Tra
Statistical Analysis
Youth Risk Behavior Surveillance System: We calculated

proportions and 95% confidence intervals (95% CIs) of condom
use at last sexual intercourse among ASMM overall and stratified
by sex of partners, age, race/ethnicity, and year in YRBS-National
and YRBS-Trends. We used separate logistic regression models to
examine associations between condom use and year (linear), age
group (ordinal), and sex of partners (binary). We compared condom
use by race/ethnicity using Rao-Scott design-adjusted χ2 tests.
Youth Risk Behavior Surveillance System analyses used survey pro-
cedures in SAS v9.4 to account for complex sample design.34s

American Men's Internet Survey: Analytic methods dif-
fered from YRBS because AMIS did not involve complex sam-
pling. We calculated proportions and 95% CIs of condom use at
last sex with male partners overall and stratified by age, race/
ethnicity, and year, and with female partners overall. We used
McNemar's test to compare use at last anal sex with most recent
male partner and at last vaginal or anal sex with most recent female
partner among ASMMwho reported both. We used Pearsonχ2 tests
to compare use at last sex with a male partner by race/ethnicity and
Mantel-Haenszel tests for trend to examine temporal trends and
ordinal associations by age. AmericanMen's Internet Survey anal-
yses used Stata v15.

Epidemic Modeling
We used results from these analyses to design and parame-

terize epidemic modeling examining population-level effects of a
hypothetical condom intervention on HIV transmission among
ASMM.We used a stochastic dynamic networkmodel comprising
ASMM aged 13 to 18 years (including adolescents before and af-
ter initiation of sex with other men) and adult MSM aged 19 to
39 years (~54,000 men total), detailed elsewhere.35s,36s Features
include relationship formation and dissolution, sexual acts, HIV
care cascade, adult PrEP use, and intrahost viral dynamics. We
used approximate Bayesian computation to estimate values for 3
calibration parameters yielding simulated epidemics matching 2
HIV prevalence targets: 7% among sexually active 18-year-old
ASMM37s and 28.3% among adultMSM38s for comparabilitywith
previous models examining HIV prevention among ASMM.19–22 The
model was implemented using EpiModel.19,39s,40s Specific model
features and parameterization for condom use depended on out-
comes of the empirical analyses and are described under Results;
a preestablished decision rule required disaggregating condom
use probabilities in the model for variables significantly predicting
condom use in 2 or more of 3 data sets.

A reanalysis (personal communication, Dr. Catherine
Rasberry) of a published study11 found that being shown how to
use condoms during sex education was associated with a 1.37-fold
increase (95% CI, 1.14–1.64; estimated using Poisson regression)
in condom use among non-ASMM and no change among ASMM
in Florida high schools. Assuming this study observed no effect
among ASMM because their experiences were not represented in
local sex education curricula and in the absence of school-based in-
terventions with demonstrated effects on ASMM condom use, we
conceptualized our hypothetical intervention as a comprehensive,
LGBTQ-inclusive sex education curriculum that achieved the same
effect among ASMM. We modeled this intervention as a relative
change in condom use probabilities based on 5 parameters: cover-
age, age at intervention, effect size, effect duration, and susceptibil-
ity. In the primary analysis, our interventionwas delivered to 62%of
all ASMM (regardless of sexual debut; equal to the proportion of
ASMM shown how to use condoms during sex education in
Rasberry et al11) when they turn 14 years old (approximating
sex education in 9th grade). Condom use probabilities increased
nsmitted Diseases • Volume 48, Number 12, December 2021
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by 37% over baseline levels among intervention recipients. With-
out data regarding effect duration, we assumed the condom use in-
crease persisted 5 years after intervention initiation to cover the
modeled ASMM age range (through 18 years).

To explore potential impact of implementation strategies
for condom interventions and address uncertainty in intervention
parameters, we modeled 6 sets of scenarios. First, we examined ef-
fects of intervention coverage, varied across quartiles from 25% to
100% to reflect differential uptake of comprehensive, inclusive
sex education by schools. Second, we tested alternative effect sizes
using the lower and upper bounds of the 95%CI from the Raspberry
et al11 reanalysis, corresponding with 14% and 64% relative in-
creases in condom use. Third, we evaluated the effect of behavior
change persisting 1 to 10 years. Fourth, we hypothesized that sus-
ceptibility may depend on whether ASMM have initiated anal sex
with other males before receiving the intervention. We operation-
alized this as all ASMM receiving the intervention having an in-
creased condom use probability, only those who had had anal
TABLE 1. Characteristics of Sexually Active Adolescent Sexual Minority M

Y

n, %,

Total
Year
2011
2013
2014
2015
2016
2017

Age
≤12
13–15
16–17
18

Race/Ethnicity
Hispanic/Latinx
Non-Hispanic Black
Non-Hispanic White
Other

Sexual orientation
Gay or lesbian
Bisexual
Heterosexual
Other sexual identity
Not sure/do not know
Prefer not to answer/missing

Sex of sex partners
Male
Both

Ever tested for HIV
Yes
No
Not sure/do not know
Prefer not to answer/missing

Age at first sexual intercourse, sex of partner and act not specified† 14
Age at first oral or anal sex with a male partner
Age at first anal sex with a male partner
No. partners, last 3 mo
No. oral or anal male sex partners, last 12 months‡

Included only those who reported at least 1 partner in the last 3 months for YR
and YRBS-Trends, percents are weighted using SAS survey procedures to acco

*The majority of the YRBS-Trends sample was from Florida (33%), Illinois
Delaware, Hawaii, Rhode Island, and San Diego. YRBS-National and AMIS ar

†YRBS assessed age at first sexual intercourse as follows: “How old were y
‡Missing data for 200 (14%) AMIS respondents.
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sex with another male before receiving the intervention (sexually
debuted), or only those who had not had anal sex with another
male before receiving the intervention. Finally, timing of sex edu-
cation differs across jurisdictions, with possible benefits to inter-
vening at later ages when more ASMM have begun having sex
with other males or when intervention effects cover a period of
higher risk. We therefore examined (A) independent effects of im-
plementing an intervention affecting all ASMM at different ages
(13–18 years) and (B) joint effects of an intervention affecting
only sexually debuted ASMM, varying intervention age from 13
to 18 years and effect duration from 1 to 5 years.

For each scenario, we conducted 100 simulations and cal-
culated means and 95% simulation intervals (SIs, middle 95% of
observed values, reflecting the inherent stochasticity inherent in
the specified model) for HIV prevalence among 18-year-olds after
10 years as well as number of infections averted per 100,000
person-years at risk and percentage of infections averted (PIA)
compared with no intervention over 10 years among ASMM aged
ales Participating in the YRBS and AMIS

RBS-National YRBS-Trends* AMIS

or median (IQR) n, %, or median (IQR) n, %, or median (IQR)

193 953 1386

— 30% —
— 23% —
— — 9%
53% 24% 26%
— — 30%
47% 23% 36%

0% 1% —
16% 18% 6%
63% 52% 40%
21% 30% 54%

13% 22% 26%
19% 21% 5%
61% 47% 58%
8% 11% 12%

29% 25% 68%
24% 35% 23%
24% 28% 1.4%
— — 0.4%
23% 10% 0.9%
— — 6.1%

39% 39% 81%
61% 61% 19%

24% 30% 36%
65% 56% 61%
11% 14% 1%
— — 1%

.2 (12.6–14.9) 13.9 (12.3–15.4) —
— — 15 (14–16)
— — 16 (15–17)

1 (1–1.31) 1 (1–2.87) —
— — 3 (1–5)

BS or 12 months for AMIS and have condom use data. For YRBS-National
unt for complex sample design.34s

(30%), Michigan (20%), and New York City (11%); ≤2.5% each were from
e both national data sets.
ou when you had sexual intercourse for the first time?”

r 2021 975
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13 to 18 years. All simulations included background PrEP use by
adult MSM beginning 3 years before our intervention’s implemen-
tation with 20% coverage among those meeting CDC guidelines,41s

averaging the 2 most recent National HIV Behavioral Surveillance
MSM cycles.42s We assumed no PrEP use among ASMM to evalu-
ate potential independent effects of condom use by ASMM and be-
cause PrEP was approved for adolescents in 2018 with limited
uptake to date.

RESULTS

Study Population
Among 14,861 men participating in the 2015 and 2017 na-

tional YRBS cycles, 12,555 (84%) provided data on sex of part-
ners, of whom 448 (3.6%) reported male partners. Of these
ASMM, 200 (45%) were currently sexually active, of whom 193
(97%) responded to questions about condom use and were in-
cluded in this analysis.

Among 70,637 male participants in the YRBS-Trends data
set, 62,537 (89%) provided data on sex of partners, of whom 3118
(5.0%) reported male partners. Of these, 1006 (32%) were cur-
rently sexually active, with 953 (95%) responding to condom
use questions and included in this analysis.

Among 39,591 MSM participating in AMIS from 2014 to
2017, 2353 (5.9%) were aged 15 to 18 years, of whom 1773
(75%) reported anal sex with men in the last year. Of these,
1528 (86%) reported having anal sex the last time they had sex
with their most recent male partner, 1386 (91%) of whom
TABLE 2. Condom use At Last Sex* Among Adolescent Sexual Minority

YRBS-National

Overall 51.8% (41.3–62.3%)
Study year
2011 —
2013 —
2014 —
2015 51.6% (38.9–64.3%)
2016 —
2017 52.0% (33.7–70.3%)
P† 0.971

Age
≤ 12 —
13–15‡ 35.4% (14.0–56.7%)
16–17 61.8% (49.2–74.5%)
18 52.1% (33.0–71.1%)
P§ <0.0001

Race/ethnicity
Hispanic/Latinx 28.7% (13.8–43.7%)
Non-Hispanic Black 69.6% (46.8–92.3%)
Non-Hispanic White 53.7% (37.6–69.9%)
Other 60.1% (27.2–92.9%)
P|| 0.047

For YRBS-National and YRBS-Trends, analyses are weighted using SAS su
*YRBS and AMIS assessed condom use at last sex differently as follows: Y

partner in the last 3 months. It did not define “sexual intercourse” or specify the
who reported ever having had sexual intercourse, who separately reported sexu
tive”), and who provided data regarding condom use.12,34s AMIS assessed condo
male partner in the last year. The denominator included all ASMMwho reported
with their most recent male sex partner, and who provided data about condom u

†P values from analyses of linear temporal trends in condom use from logisti
‡AMIS only recruited participants ages 15 years and older. As a result, the

15-year-olds represented 86% and 84% of this category in the National and Tre
§P values from analyses of the association between age as an ordinal v

Mantel-Haenszel test for trend in AMIS.
||P values from analyses of the association between race/ethnicity and condom

in AMIS.

976 Sexually Tra
responded to questions about condom use at last sex and were in-
cluded in this analysis.

Table 1 compares sociodemographics and sexual behaviors
among ASMM in our analyses. Notably, ASMM in AMIS were
older on average and more likely to report being gay and having
exclusively male partners than in either YRBS data set. The
YRBS-Trends was the most racially/ethnically diverse with 53%
ASMM of color; YRBS-National included fewer Hispanic/Latinx
ASMM and AMIS fewer non-Hispanic Black ASMM.

Condom Use
Table 2 presents condom use at last sex overall and by age,

year, and race/ethnicity across data sets. In YRBS, among ASMM
in high school with 1 or more sex partners in the past 3 months,
51.8% (95% CI, 41.3–62.3%) and 37.9% (32.7–42.3%) reported
using a condom at last sexual intercourse in national and trend data
sets, respectively. Use did not differ between ASMMwho reported
only male partners versus male and female partners in either data
set (P > 0.6 for both; results not shown).

Among 15- to 18-year-old ASMM reporting anal sex with
1 or more male partners in the last year in AMIS, 47.3% (95% CI,
44.6–49.9%) reported condom use at last anal sex with a male
partner. A similar proportion of those in AMIS reporting vaginal
or anal sex with 1 or more female partners in the last year reported
condom use at last vaginal or anal sex with a female partner
(51.4%; 95% CI, 45.1–57.7%). Among those reporting sex with
male and female partners, condom use at last sex was similar be-
tween partner types (49.7% female, 45.7% male; P = 0.41).
Males by Study Year, Age, and Race/Ethnicity

YRBS-Trends AMIS

37.9% (32.7–42.3%) 47.3% (44.6–49.9%)

42.4% (35.4–49.4%)
34.8% (26.2–43.4%) —

— 47.9% (38.7–57.2%)
37.9% (26.1–49.6%) 49.7% (44.4–55.1%)

— 49.3% (44.3–54.2%)
36.3% (26.5–46.1%) 43.7% (39.3–48.2%)

0.368 0.126

11.8% (0.0–25.1%) —
31.8% (21.2–42.4%) 54.8% (43.5–65.7%)
37.8% (31.0–44.7%) 44.8% (40.6–49.0%)
46.6% (34.3–58.8%) 48.3% (44.6–51.9%)

0.032 0.919

32.6% (23.4–41.7%) 46.2% (41.0–51.5%)
49.6% (35.7–63.5%) 41.5% (29.4–54.4%)
35.6% (27.8–43.4%) 48.3% (44.8–51.8%)
45.3% (31.4–59.3%) 46.6% (38.8–54.6%)

0.099 0.707

rvey procedures to account for complex sample design.34s

RBS assessed condom use at last sexual intercourse among those with ≥1
sex of partner at last sexual intercourse. The denominator included ASMM
al intercourse with ≥1 partner in the past 3 months (“currently sexually ac-
m use at last anal sex among those reporting anal sex with their most recent
anal sex with men in the past 12 months, who reported anal sex at last sex
se at last anal sex with this partner.
c regression models in YRBS and Mantel-Haenszel test for trend in AMIS.
13- to 15-year-old category includes only 15–year-old ASMM. In YRBS,
nds data sets, respectively.
ariable and condom use from logistic regression models in YRBS and

use from Rao-Scott design-adjustedχ2 tests in YRBS and Pearson χ2 test

nsmitted Diseases • Volume 48, Number 12, December 2021



Condom Use in Adolescent Sexual Minority Males
In YRBS-National, condom use varied significantly by
age and was highest among 16- to 17-year-olds (61.8%), followed
by 18-year-olds (52.1%) and 13- to 15-year-olds (35.4%)
(P < 0.0001). In YRBS-Trends, condom use steadily increased
across age groups from 11.8% among 12-year-olds and younger
to 46.6% among 18-year-olds (P = 0.032). In AMIS, condom
use was consistent across age (P = 0.919). No temporal trends
were observed overall or within age groups in any data set
(P > 0.05 for all).

In both YRBS samples, the frequency of reporting condom
use at last sexual intercourse was highest among non-Hispanic
Black ASMM, followed by ASMM of “other” racial/ethnic cate-
gories, then non-Hispanic White, then Hispanic/Latinx ASMM
(Table 2). However, these differences were only significant in
YRBS-National, and no differences by race/ethnicity were ob-
served in AMIS.

Population-Level Effects of Changes in
Condom Use

Agewas significantly associated with condom use in 2 data
sets and, therefore, met the criterion for inclusion in the model
based on our decision rule. Study year and race/ethnicity did not
meet this criterion; thus, condom use remained stable over time
and did not differ between racial/ethnic groups in the model. We
selected YRBS-Trends as the source of age-specific marginal
Figure 1. Effect of hypothetical condom use intervention on HIV prevale

Sexually Transmitted Diseases • Volume 48, Number 12, Decembe
condom use estimates (13- to 15-year-olds = 31.8%, 16- to
17-year-olds = 37.8%, 18-year-olds = 46.6%), as we considered
this data set to represent a good balance between precision and
representativeness. We specified age mixing between ASMM
and adult MSM using data from a diverse cohort study of
Chicago-area ASMM.43s Condom use is a dyadic process between
people of potentially different ages. We thus back-calculated the
unique set of 1-sided age-specific probabilities that yielded the
abovementioned marginal probabilities across modeled partner-
ships given reported age mixing, assuming that condom use for
2 ASMM reflected the mean of their 1-sided age-specific values
and for an ASMM-adult pair reflected the ASMM's age-specific
value. These 1-sided values were 13- to 15-year-olds, 28%; 16- to
17-year-olds, 38%; 18-year-olds, 55%.

The simulation of our primary hypothetical intervention,
which resulted in a 1.37-fold increase in condom use among
62% of all ASMM beginning at age 14 years and lasting 5 years,
averted 9.0% of HIV infections among ASMM over 10 years
(PIA; 95% SI, −5.4% to 21.2%) or 60.4 infections per 100,000
person-years at risk (number of infections averted; 95% SI,
−32.5 to 149.2). After 10 years, HIV prevalence among 18-year-
olds was 4.0% (95% SI, 3.0%–5.0%) with the intervention com-
pared with 4.7% (3.7%–5.8%) without, a 14% difference (Fig. 1).

Supplemental Digital Content 2 (http://links.lww.com/OLQ/
A687) presents complete results for other scenarios. In summary,
the PIA increased linearly as intervention coverage increased from
nce among 18-year-old ASMM compared with no intervention.
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Figure 2. Percent of HIV infections averted among ASMM by hypothetical condom use intervention, independently varying effect duration
and age at delivery.

Katz et al.
3.7% (95% SI, −11.9% to 18.5%) at 25% coverage to 13.5% (0.9%–
25.9%) at 100% coverage, representing a PIA of approximately 1.4%
for every 10% increase in intervention coverage. Varying effect size
also resulted in an approximately linear increase in PIA from 5.7%
(−9.7% to 21.0%) with a 1.14-fold increase in condom use to
11.6% (−0.2% to 25.4%) with a 1.64-fold increase. By contrast,
changing the duration of intervention effect resulted in a rapid and
roughly linear rise in PIA from 1.2% (−13.8% to 15.0%) at 1 year
to 9.0% (−5.4% to 21.2%) at 5 years, at which point additional in-
creases in duration effect up to 10 years did not affect PIAs (Fig. 2).
Fourth, when varying age at intervention delivery, the PIA increased
from 7.5% when implementing at age 13 years to 9.1–9.7% at ages
Figure 3. PIA among ASMM by hypothetical condom use intervention a
varying effect duration and age at delivery.

978 Sexually Tra
14 to 16 years, then decreased at older ages to a low of 6.1% at
18 years (Fig. 2). Fifth, the PIA was 4.4% (95% SI, −12.2% to
18.5%) if the intervention was only effective among sexually debuted
ASMM and 8.0% (−2.3% to 18.3%) when effective only among
ASMM before sexual debut, compared with 9.0% (−5.4% to
21.2%) when effective among all ASMM. Finally, we examined
the effects of varying both age at intervention implementation
and duration of behavior change when only sexually debuted
ASMM were affected by the intervention (Fig. 3). Implementa-
tion at age 17 years yielded the highest PIA (range, 3.9%–
7.1%) at all effect durations except 4 years, followed by imple-
mentation at age 16 years. The intervention had little impact on
ffecting only ASMM who had had anal sex before the intervention,
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PIAs when its effect duration was short and it was implemented
at younger ages.
DISCUSSION
Across 3 U.S. samples, we found that 38% to 52% of sex-

ually active ASMM reported using condoms at last sex and that
these percentages remained stable from 2011 to 2017. We ob-
served inconsistent patterns in condom use across age groups
and race/ethnicity, with some indication that use may be higher
among 16- to 17-year-olds than 13- to 15-year-olds and that Black
ASMM, despite or as a result of having the highest HIV preva-
lence,1 may have the highest use. Our model suggests that in-
creases in condom use consistent with previous interventions
have potential to avert 1 in 11 new HIV infections among ASMM
and that timing condom use interventions correctly and achieving
sustained effects will be critical to their success.

Overall estimates of condom use at last sex among sexually
active ASMM were relatively similar across data sets and sex of
partners, ranging from 38% in YRBS-Trends to 52% in YRBS-
National, and consistent with other studies among ASMM.8–12

Differences in populations and local condom and sex education
policies and programs in jurisdictions included in YRBS-Trends
versus the rest of the United States may have contributed to dispar-
ities between YRBS estimates. However, despite differences in
populations, sampling strategies, and outcome measurement be-
tween YRBS and AMIS, national estimates from the 2 studies were
similar (51.8%vs 47.3%). Indeed, estimates from all 3 data sets con-
verged at age 18 years, when we would expect school-based versus
online sampling and differences in definitions of sex to have the
least impact as the proportion of ASMM online and who have
had anal sex with other males increases with age. Combined with
our finding that condom use did not differ by sex of partners, this
suggests that not specifying type of sex and partner sex may not
significantly affect ASMM condom use estimates from YRBS.

Although ASMM reported lower condom use than adult
MSM16 and other adolescents,12 it is encouraging that we did
not observe declines in condom use as has been noted in these
other populations.15,16 Another study of ASMM in YRBS ob-
served a decline in condom use from 2005 to 2015,9 but men
who have sex with bothmen and women, who represent a majority
of ASMM in YRBS,14 were excluded; included jurisdictions var-
ied by year such that differences in underlying populations may
have contributed to observed trends; and the decrease occurred
primarily from 2005 to 2007.

Our epidemic model demonstrated that increases in con-
dom use by ASMM consistent with those observed from an inter-
vention among non-ASMM adolescents could avert up to 13.5%
of HIV infections among ASMM over 10 years. Results varied
by intervention coverage, effect size and duration, age at delivery,
and susceptibility. Universal coverage resulted in the highest
population-level effect across all analyses, suggesting the impor-
tance of promoting access to effective, inclusive sex education na-
tionally. Varying effect duration, age at delivery, and susceptibility
illustrated that timing interventions correctly and implementing in-
terventions with sustained effects is critical. Interventions must be
effective during later adolescence when ASMM experience the
greatest HIV risk due to increasing sexual activity23 and mixing
with adult MSM,44s but implementing too late misses opportuni-
ties to prevent a substantial proportion of infections or may result
in lower intervention effect if ASMM establish condom use norms
at first anal sex. Depending on effect duration and susceptibility,
intervening between ages 14 and 17 years may be most effective.
Most U.S. school districts require relatively few instructional hours
for sex education,45s which may limit the size and duration of its
Sexually Transmitted Diseases • Volume 48, Number 12, Decembe
effects on condom use46s,47s and, especially when delivered in
middle school or early high school, its potential impact on HIV in-
cidence. Routinely providing inclusive, evidence-based sex educa-
tion or other condom interventions in sequenced and repeated
doses across grade levels may ensure sustained effects and address
uncertainty regarding the best time for intervention delivery. For
similar reasons, implementing the intervention at age 14 years in
our primary analysis delayed the impact on HIV prevalence until
at least year 3, limiting the potential PIA over 10 years.

The study has limitations. Condom use measures in our
empirical analyses relied on self-report and were therefore subject
to recall error and social desirability bias. Measuring condom use
at last sexmay reduce recall error but may not reflect use over longer
periods or across partner types and contexts.48s In YRBS-National,
ASMM were few and only identifiable from 2015–2017, the juris-
dictions in YRBS-Trends are not nationally representative, and
AMIS’ representativeness is unknown. In addition, we modeled
condom use as homogeneous within age group, relied on YRBS-
Trends, and used adolescents' condom probabilities for partnerships
with adultMSM. Themodel does not include potential transmission
from female partners despite many ASMM reporting sex with
males and females. However, because HIV prevalence is low among
female adolescents in the United States,1 this is unlikely to influence
transmission significantly. We modeled condom use effects in
isolation despite many interventions to increase condom use, such
as sex education, also aiming to affect other behaviors impacting
HIV transmission, for example, delaying sexual debut or increas-
ing PrEP use. The 95% SIs for PIAs are wide, in part, due to the
relatively small number of 13- to 18-year-olds in the model. In ad-
dition, our HIV prevalence targets were selected for comparabil-
ity against previous models in this population and come from
prospective studies in Atlanta; they may, therefore, overestimate
HIV transmission among ASMM in the United States. Finally, when
available, school-based condom interventions for ASMMmay differ
in effectiveness and implementation from our hypothesized interven-
tion. Research is needed to identify effective, scaleable interventions
for ASMM.

Increasing condom use could reduce HIV burden among
ASMM and, unlike HIV-specific interventions like PrEP, impact
other sexually transmitted infections with major adolescent burdens
and prevent pregnancies among female partners. Characterizing ef-
fect size and duration, potential reach, and costs of condom inter-
ventions can inform effective implementation. While considerable
work has explored these domains for heterosexual adolescents,49s

ASMM have not received similar attention, despite greater HIV
incidence and many existing sexual health curricula not address-
ing their needs. Research is needed to identify the most effective,
efficient strategies for improving condom use among ASMM and
explore the relative effectiveness of implementing condom and
other behavioral interventions independently and in combination
on the HIVepidemic in this population.
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