
ORIGINAL PAPER

AIDS and Behavior
https://doi.org/10.1007/s10461-024-04575-w

burden of HIV or STI infections, often unknowing of their 
status [2–6]. In 2022, 60% of new HIV diagnoses were 
among adolescents and young adults ages 13 to 24 years 
old [7], and adolescents accounted for half of the 2.5 mil-
lion new STI diagnoses in 2021 [8], with rates continuing to 
increase [9]. Sex, gender, and race inequities exist for HIV 
and STI testing and diagnoses, especially for females and 
Black adolescents [3, 6, 8, 10, 11]. The inequities to indi-
vidual HIV and STI testing can be structurally driven, where 
adolescents who are positioned at different social locations 
(e.g., age, race, gender) experience unique manifestations 
of oppression (e.g., ageism, racism, sexism) that compound 
into barriers, like healthcare-related discrimination, lack of 
comprehensive sexual health education, lack of confidential 
services, and social stigma around HIV and STIs that affect 
access to and maintenance of HIV and STI preventative ser-
vices [12–16].

Introduction

Receiving knowledge and access to testing for human 
immunodeficiency virus (HIV) and other sexually trans-
mitted infections (STIs) is critical for adolescents to feel 
empowered in maintaining their sexual and reproductive 
health and foundational for entering the HIV care contin-
uum [1]. Studies suggest that adolescents carry a significant 
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cents (n = 30,909) had a mean age of 16; 51% were male. Females engaging in substance use had increased odds of HIV 
and STI testing whereas that pattern did not reflect among males. Multiracial male adolescents had increased odds of HIV 
testing. Females engaging in condomless sex had lower odds of HIV and STI testing. This study highlights the need for 
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Despite long-standing guidelines from the Centers for 
Disease Control and Prevention (CDC), HIV and STI test-
ing rates among adolescents are low [2, 3]. Current HIV 
testing guidelines from the CDC recommend adolescents 
and adults of both sexes ages 13 to 64 test for HIV at least 
once, and those who engage in certain sexual behaviors that 
may not be health promoting (e.g., condomless sex, multiple 
sex partners) or share injection drug equipment to test for 
HIV at least once a year [17]. Current STI testing guidelines 
from the CDC recommend annual chlamydia and gonorrhea 
testing for all sexually active women younger than 25 years 
and women 25 years and older who have new or multiple 
sex partners, or a sex partner with an STI diagnosis [17]. 
Between 2005 and 2019, multiple studies have shown that 
adolescent and young adult HIV testing rates range from 
20 to 30% and that STI testing rates range from 22 to 53% 
[4, 6, 18, 19]. These ranges are concerning, as evidence has 
shown that early detection and treatment of HIV and STIs 
can improve quality of care and life [19].

There are several factors that can influence HIV and 
STI testing, including unhealthy sexual and substance use 
behaviors. Sexual behaviors have been associated with 
HIV and STI infections through the nature of sexual activ-
ity along with the nuanced transmission dynamics within 
networks of sexual partners [20, 21]. Sexual health behav-
iors associated with HIV and STI infections often involve 
engaging in condomless sex or having multiple partners [6, 
8, 22]. A study using data from the 2011 Youth Risk Behav-
ior Surveillance System (YRBSS) found that 40% of sexu-
ally active adolescents reported no condom use during their 
last sexual intercourse [21, 23]. This can be attributed to 
adolescence being a period where cognitive and emotional 
processing is growing and adapting. These changes may 
lead to unplanned behaviors, especially with regards to sex-
ual activity, that can place adolescents at risk of negative 
sexual and reproductive health outcomes, like HIV, STIs, 
and unplanned pregnancy [3, 6, 21]. For example, stud-
ies have found around 20% of sexually active adolescents 
report consuming alcohol or drugs before their last sexual 
activity [21, 24, 25]. Adolescents are in a stage where they 
are experimenting with their sexuality and substance use, 
sometimes combining the two together, which may lead 
to cognitive impairment and thereby increase the risk of 
unsafe sexual practices [26]. In addition to alcohol, stud-
ies have shown a connection between frequent cannabis 
and e-cigarette use and more frequent condomless sex [27, 
28] and a higher number of sexual partners [27, 29]. There 
are additional substance use patterns among adolescents 
that warrant investigation into their associations with HIV 
and STI testing, such as prescription pain medication mis-
use and other illicit drug use known to be prevalent among 
minority youth [30–33].

Evidence shows unhealthy sexual behaviors and sub-
stance use among adolescents increases their risk of acquir-
ing HIV and STIs [34, 35]. Studies have also found that 
students reporting unhealthy sexual behaviors and sub-
stance use are positively associated with HIV testing [3, 
19]. Previous research has explored correlates of HIV test-
ing using nationally representative data from 2013 to 2015 
[3]. There have been new trends in substance use (i.e., 
e-cigarette use has significantly risen in prevalence in the 
years since), and there is a gap in research focusing on STI 
testing and on sex/gender differences for adolescents at the 
national level. Therefore, to fill these gaps, the purpose of 
this analysis was to investigate the associations between 
unhealthy sexual behaviors and substance use with HIV and 
STI testing among adolescents in the U.S. using recent data 
and uncover any sex differences.

Methods

Participants

National data from the 2019 and 2021 Youth Risk Behav-
ior Surveillance System (YRBSS) cycles were used for this 
analysis [36]. The YRBSS is a system of biennial cross-sec-
tional surveys administered to high school students which 
captures data on six categories of health-related behaviors 
(e.g., behaviors that contribute to unintentional injuries and 
violence, sexual behaviors related to unintended pregnancy 
and sexually transmitted diseases [including HIV], substance 
use, unhealthy dietary behaviors, and physical activity) 
that contribute to the leading causes of death and disability 
among adolescents. The survey employs a sampling design 
that ensures national representation of demographic groups. 
Data used for this secondary analysis are de-identified and 
publicly available, thus no protocol approval from an insti-
tutional review board was necessary. Details of the survey 
methods can be found elsewhere [37]. In adherence with 
HIV and STI testing guidelines, adolescents who had never 
had sex were excluded from this analysis.

Measures

Demographics

Demographics include age and race/ethnicity. Age was 
assessed with the YRBSS question, “How old are you?” 
Students could respond “12 years old or younger,” “13 
years old,” “14 years old,” “15 years old,” “16 years old,” 
“17 years old,” or “18 years old or older.” Students aged 13 
years and younger were excluded from the analysis due to 
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small sample size and limited exposure to HIV/STI testing 
[38]. Race/ethnicity was based on a variable created by the 
CDC in which responses were coded “non-Hispanic Black,” 
“non-Hispanic White,” “Hispanic,” “Asian,” “Native Amer-
ican or Alaskan Native,” and “Native Hawaiian or Pacific 
Islander.” The latter three groups were collapsed into an 
“Other” category for the purposes of sufficient sample size 
for stepwise modeling.

Outcomes

HIV Testing

The YRBSS asked students “Have you ever been tested for 
HIV, the virus that causes AIDS? (Do not count tests done 
if you donated blood.)” Responding “yes” was considered 
ever having been tested for HIV; responding “no” was con-
sidered never having been tested.

STI Testing

The YRBSS asked students “During the past 12 months, 
have you been tested for a sexually transmitted disease 
(STD) other than HIV, such as chlamydia or gonorrhea?” 
Responding “yes” was considered ever having been tested 
for an STI; responding “no” was considered never having 
been tested.

Predictors

Sex of Sexual Partners

The YRBSS asked, “During your life, with whom have you 
had sexual contact?” Students could respond “I have never 
had sexual contact,” “with females,” “with males,” or “both 
sexes.” YRBSS then created a pre-calculated variable Sex 
of sexual partners which took into consideration the sex of 
the student and their selection for this question. Resulting 
categories were “never had sex,” “opposite sex only,” “same 
sex only,” and “both sexes.” Those who never had sex were 
not included in this analysis.

Number of Sexual Partners

The YRBSS asked, “In the last 3 months, with how many 
people have you had sexual intercourse?” Students could 
respond with “I have never had sexual intercourse,” “No 
partners” (treated as the reference category), “One partner,” 
and “More than one partner.” The use of this variable in the 
current analysis was treated as a categorical variable and did 
not include those who had never had sex.

Condomless Sex

The YRBSS asked, “The last time you had sexual inter-
course, did you or your partner use a condom?” Students 
could respond with “I have never had sexual intercourse,” 
“Yes,” and “No.” For the purpose of this analysis, individu-
als who reported never having sexual intercourse were not 
included.

Drugs or Alcohol Use before Sex

The YRBSS asked, “Did you drink alcohol or use drugs 
before you had sexual intercourse the last time?” Students 
could respond with “I have never had sexual intercourse,” 
with possible responses: “Yes,” or “No.” Those who had 
never had sexual intercourse were not included in the 
analysis.

Current Substance Use Frequency

The YRBSS asked participants who had reported ever using 
these respective substances, “During the past 30 days, on 
how many days did you have at least one drink of alcohol?” 
In line with previous literature [39], students were identified 
as infrequent alcohol users if they reported drinking alcohol 
0–3 days in the past 30 days; mild users if they reported 
drinking 3–9 days in the past 30 days; and frequent users 
if they reported more than 10 days in the past 30 days. The 
YRBSS asked the same question of cannabis use and e-ciga-
rette use; the same definitions applied to all classifications of 
substance use. Each variable was analyzed independently.

Lifetime Cocaine Use

The YRBSS asked, “During your life, how many times have 
you used any form of cocaine, including powder, crack, or 
freebase?” Students who reported at least one time were 
considered to have ever tried an illicit drug and were com-
pared to students who reported zero times.

Lifetime Prescription Pain Medication Misuse

The YRBSS asked, “During your life, how many times have 
you taken prescription pain medicine without a doctor’s pre-
scription or differently than how a doctor told you to use it?” 
Students who reported at least once were compared to those 
who reported zero times.

Procedures

Univariate analyses described the distribution of demo-
graphics, predictors, and HIV and STI testing. Stepwise 
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did not, 56% had never had sex, and 15% did not respond. 
About 82% of students reported using e-cigarettes 0–3 
days in the past 30 days, 6% reported 3–9 days, and 12% 
reported more than 10 days. Alcohol use in the past 30 days 
was reported by 89% for 0–3 days, 9% for 3–9 days, and 
2% for more than 10 days. Cannabis use was reported by 
88% for 0–3 days, 6% for 3–9 days, and 6% for more than 
10 days. Around 97% of the sample never used cocaine and 
3% reported usage at least once. Prescription drug misuse 
was reported by 13% of the students, while 87% reported 
no misuse. (Table 1).

Table 2 displays the odds of HIV testing for males in the 
sample. In Model 1, compared to White males, the odds of 
STI testing were 1.05 times greater for Black males (95% 
Confidence Interval [CI]: 1.00, 1.10) and 1.07 times greater 
for Multiracial males (95% Confidence Interval [CI]: 1.00, 
1.16), however, the p-values for these estimates were not 
significant. The odds of HIV testing were 1.01 times greater 
for older male students (95% CI: 1.00, 1.02; p = 0.026). 
Males who reported having sexual partners of both the same 
and opposite sex had 1.14 times greater odds of HIV test-
ing compared to males who only reported having sexual 
partners of the opposite sex (95% CI: 1.03, 1.26). The odds 
of HIV testing were 1.14 times greater for those reporting 
increasing number of sex partners (95% CI: 1.07, 1.21). 
Model 2 saw similar results to Model 1. Age, sex of sexual 
partner, and number of sex partners remained significant in 
all three models.

Table 3 displays the odds of HIV testing for females in 
the sample. In Model 1, the odds of HIV testing were 1.02 
times greater for older female students (95% CI: 1.01, 1.04). 
The odds of HIV testing were 1.06 times greater for those 
reporting increasing number of sex partners (95% CI: 1.01, 
1.12). Females who reported using drugs or alcohol before 
their last sexual encounter were 1.09 times greater odds of 
HIV testing (95% CI: 1.04, 1.14). The odds of HIV test-
ing were 0.92 times lower for those reporting condomless 
sex (95% CI: 0.88, 0.96). Model 2 saw similar results to 
Model 1; however, odds for drugs or alcohol use before sex 
was no longer significant; in addition, odds of HIV test-
ing were 0.92 times lower for female students reporting 
“Other” race (i.e., Native American, Alaskan Native, Native 
Hawaiian, Pacific Islander, or Asian) (95% CI: 0.86, 0.98). 
Additionally, female students who reported 3–9 days of can-
nabis use in the past 30 days had 1.08 greater odds (95% 
CI: 1.01, 1.15) of HIV testing and 1.12 times greater odds 
for female students reporting more than 10 days of canna-
bis use in the past 30 days (95% CI: 1.04, 1.20). Model 3 
had similar results (apart from sex of sex partners which 
lost significance in Model 3); in addition, female students 
reporting lifetime cocaine use had 1.15 times greater odds 
of HIV testing (95% CI: 1.04, 1.28) and female students 

multivariable logistic regression models determined odds of 
HIV and STI testing (outcomes) stratified by sex (males and 
females). We were limited to the options for sex provided 
by the YRBSS. Stepwise modeling consisted of sequen-
tially testing three models. We employed stepwise model 
selection techniques guided by the Akaike Information Cri-
terion (AIC) to optimize model fit. Model 1 estimated odds 
of the outcomes by demographics (race/ethnicity and age), 
and sex behaviors (sex partner type, number of sex part-
ners, drugs and alcohol use before sex, and condom use). 
Model 2 extended Model 1 by containing demographics, 
sex behaviors, and additionally including current substance 
use frequency (past 30 days e-cigarette, alcohol, and can-
nabis use). Model 3 further extended Model 2 by contain-
ing demographics, sex behaviors, current substance use 
frequency, and additionally including lifetime cocaine use 
and lifetime prescription drug misuse. Analytic procedures 
were adapted from Outlaw and colleagues (2022) which 
explored HIV testing and demographic and behavioral cor-
relates using stepwise regression modeling [3]. The current 
analysis builds upon these models to include e-cigarette use 
which rose in prevalence in the years since the analysis of 
previous YRBSS data (2013 and 2015), focus on frequency 
of use, and added focus on STI testing using the latest avail-
able data. Appropriate sampling weights were applied, and 
survey estimations were implemented to account for the 
sampling design [37]. To evaluate multicollinearity within 
our models, Variance Inflation Factor (VIF) analysis was 
employed. P-values were presented for interval estimates 
with a lower bound of 1.00. Analyses were conducted using 
R statistical software version 4.3.1 [40].

Results

The YRBSS 2019–2021 sample of students (total weighted 
n = 30,909) had a mean age of 16 years (linearized standard 
error [SE]: 0.03) and was 51% males and 49% females. 
White participants formed the majority at 51%, followed 
by 26% Latino or Hispanic, 12% Black, 5% Multiple, and 
6% other ethnicities (including Native American/Alaskan, 
Native Hawaiian, Pacific Islander, or Asian). Approxi-
mately 34% of students identified as having opposite-sex 
partners, 2% had same-sex partners, and 5% had both, while 
45% reported having no sexual intercourse and 14% did not 
respond. The average number of sexual partners reported 
was 1 (mean = 0.77, linearized SE: 0.03). In the last three 
months, 59% reported never having had sexual intercourse, 
9% did not have any partners, 17% had one partner, and 
4% had more than one partner. For condom use during sex, 
17% did not use condoms and 13% did. Drug or alcohol use 
before sex was reported by 6% of students, whereas 23% 
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Table 1  Demographic characteristics of Youth in the 2019–2021 YRBS (unweighted n = 30,909, weighted n = 30,909)
Weighted mean or n SE or Weighted %

Sex
Male 15,645 51.2
Female 14,891 48.8
Race/ethnicity
White 15,318 50.9
Black 3,653 12.1
Latino/Hispanic 7,735 25.7
Multiple 1,551 5.2
Native American/Alaskan, Native Hawaiian, Pacific Islander, or Asian 1,830 6.1
Age (years) (weighted mean (SE)) 15.83 0.03
Sex partner type
Never had sex

14,003 45.3

Opposite 10,420 33.7
Same 605 2.0
Both 1,446 4.7
Missing/nonresponse 4,434 14.3
Number of sex partners (weighted mean (SE)) 0.77 0.03
Number of sex partners
Never had sex
None in the last 3 months
One partner in the last 3 months
More than 1 partner in the last 3 months
Missing/nonresponse

18,363
2,707
5,263
1,264
3,313

59.4
8.8
17.0
4.1
10.7

Condomless sex
Never had sex
Yes
No
Missing/nonresponse
Drugs or alcohol use before sex
Never had sex
Yes
No
Missing/nonresponse

18,366
5,119
4,045
3,380
17,299
1,701
7,212
4,697

59.4
16.6
13.1
10.9
56.0
5.5
23.3
15.2

Frequency of current electronic cigarette use
0–2 days in the past 30 days 23,668 82.1
3–9 days in the past 30 days 1,692 5.9
More than 10 days in the past 30 days 3,467 12.0
Frequency of current alcohol use
0–2 days in the past 30 days 25,560 88.5
3–9 days in the past 30 days 2,627 9.1
More than 10 days in the past 30 days 685 2.4
Frequency of current cannabis use
0–2 days in the past 30 days 26,621 88
3–9 days in the past 30 days 1,902 6.3
More than 10 days in the past 30 days 1,724 5.7
Lifetime cocaine use
0 times 27,268 96.9
At least once 878 3.1
Lifetime prescription drug misuse
0 times 25,831 86.9
At least once 3,897 13.1
Missing observations presented if missing > 10%
Abbreviation: SE, standard error.
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Table 2  Odds of testing for HIV infection for males in the 2019 and 2021 YRBS cycles using stepwise modeling
OR (95% CI)
M1 Characteristics 
(weighted n = 4,985)

M2 Characteristics + Alco-
hol + Cannabis + Vaping 
(weighted n = 4,031)

M3 Characteristics + Alcohol, 
Cannabis, + Vaping + Illicit 
Cocaine Use + Prescription Drug 
Misuse (weighted n = 3,890)

Race/ethnicity
White Ref. Ref. Ref.
Black 1.05 (1.00, 1.10) (p = 0.060) 1.03 (0.98, 1.08) 1.03 (0.98, 1.08)
Latino/Hispanic 1.03 (0.98, 1.09) 1.02 (0.97, 1.08) 1.02 (0.96, 1.08)
Multiple 1.07 (1.00, 1.16) (p = 0.070) 1.09 (1.00, 1.19) (p = 0.059) 1.09 (1.00, 1.19) (p = 0.060)
Other 1.02 (0.93, 1.12) 1.00 (0.91, 1.10) 1.00 (0.91, 1.11)
Age 1.01 (1.00, 1.02) (p = 0.026) 1.01 (1.00, 1.03) (p = 0.032) 1.02 (1.00, 1.03) (p = 0.029)
Sex of sexual partner
Opposite Ref. Ref. Ref.
Same 1.05 (0.96, 1.16) 1.07 (0.96, 1.19) 1.07 (0.96, 1.19)
Both 1.14 (1.03, 1.26) 1.16 (1.04, 1.30) 1.16 (1.04, 1.30)
Number of sex partners in the past 3 months
No partners Ref. Ref. Ref.
One partner 1.03 (0.99, 1.06) 1.02 (0.99, 1.06) 1.02 (0.98, 1.06)
More than one partner 1.14 (1.07, 1.21) 1.13 (1.06, 1.21) 1.13 (1.06, 1.22)
Condomless sex
No Ref. Ref. Ref.
Yes 1.00 (0.97, 1.03) 1.03 (0.99, 1.06) 1.03 (0.99, 1.06)
Drugs or alcohol use before sex
No Ref. Ref. Ref.
Yes 1.00 (0.97, 1.04) 0.99 (0.94, 1.04) 0.99 (0.94, 1.04)
Frequency of current electronic cigarette use
0–3 days in the past 30 days Ref. Ref.
3–9 days in the past 30 days 0.95 (0.89, 1.01) 0.94 (0.89, 1.01)
More than 10 days in the past 30 days 0.97 (0.92, 1.02) 0.97 (0.92, 1.02)
Frequency of current alcohol use
0–3 days in the past 30 days Ref. Ref.
3–9 days in the past 30 days 1.01 (0.95, 1.07) 1.01 (0.94, 1.07)
More than 10 days in the past 30 days 1.05 (0.97, 1.14) 1.05 (0.97, 1.14)
Frequency of current cannabis use
0–3 days in the past 30 days Ref. Ref.
3–9 days in the past 30 days 1.02 (0.96, 1.07) 1.02 (0.97, 1.08)
More than 10 days in the past 30 days 1.06 (1.00, 1.12) (p = 0.053) 1.05 (0.99, 1.12)
Lifetime cocaine use
No Ref.
Yes 0.98 (0.92, 1.05)
Lifetime prescription drug misuse
No Ref.
Yes 1.03 (0.98, 1.09)
Notes: Models were built based on stepwise modeling; M1 model contains participant demographic characteristics including race/ethnicity 
and age, and sexual behaviors including sex of sexual partner, number of sex partners in the last three months, condomless sex, and drugs or 
alcohol before sex. M2 model contains substance use predictors (frequency of current alcohol, cannabis, and e-cigarette use) in addition to the 
predictors from the previous model. M3 model contains illicit substance use behaviors (cocaine use and prescription drug misuse) in addition 
to the predictors from the previous models
Bolded estimates indicate statistical significance (p < 0.05)
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Table 3  Odds of testing for HIV infection for females in the 2019 and 2021 YRBSS cycles using stepwise modeling
OR (95% CI)
M1 Characteristics 
(weighted n = 4,629)

M2 Characteristics + Alco-
hol + Cannabis + Vaping 
(weighted n = 3,821)

M3 Characteristics + Alcohol, 
Cannabis, + Vaping + Illicit 
Cocaine Use + Prescription Drug 
Misuse (weighted n = 3,658)

Race/ethnicity
White Ref. Ref. Ref.
Black 1.04 (0.97, 1.12) 1.03 (0.96, 1.12) 1.03 (0.96, 1.12)
Latino/Hispanic 1.01 (0.96, 1.07) 1.00 (0.95, 1.06) 1.00 (0.95, 1.05)
Multiple 1.01 (0.92, 1.11) 1.00 (0.90, 1.11) 1.01 (0.91, 1.12)
Other 0.96 (0.88, 1.05) 0.92 (0.86, 0.98) 0.92 (0.86, 0.98)
Age 1.02 (1.01, 1.04) 1.03 (1.01, 1.05) 1.03 (1.02, 1.05)
Sex of sexual partner
Opposite Ref. Ref. Ref.
Same 1.03 (0.94, 1.12) 1.01 (0.91, 1.11) 1.00 (0.90, 1.10)
Both 1.06 (1.01, 1.12) 1.07 (1.00, 1.14) (p = 0.042) 1.05 (0.99, 1.12)
Number of sex partners in the past 3 months
No partners Ref. Ref. Ref.
One partner 1.00 (0.96, 1.05) 0.98 (0.94, 1.02) 0.98 (0.93, 1.02)
More than one partner 1.06 (0.98, 1.14) 1.03 (0.95, 1.11) 1.03 (0.95, 1.11)
Condomless sex
No Ref. Ref. Ref.
Yes 0.92 (0.88, 0.96) 0.93 (0.89, 0.96) 0.93 (0.90, 0.97)
Drugs or alcohol use before sex
No Ref. Ref. Ref.
Yes 1.09 (1.04, 1.14) 1.03 (0.97, 1.10) 1.03 (0.97, 1.10)
Frequency of current electronic cigarette use
0–3 days in the past 30 days Ref. Ref.
3–9 days in the past 30 days 0.96 (0.90, 1.03) 0.95 (0.89, 1.02)
More than 10 days in the past 30 days 1.02 (0.96, 1.08) 1.00 (0.94, 1.06)
Frequency of current alcohol use
0–3 days in the past 30 days Ref. Ref.
3–9 days in the past 30 days 0.98 (0.93, 1.03) 0.97 (0.92, 1.02)
More than 10 days in the past 30 days 1.04 (0.92, 1.17) 1.01 (0.89, 1.15)
Frequency of current cannabis use
0–3 days in the past 30 days Ref. Ref.
3–9 days in the past 30 days 1.08 (1.01, 1.15) 1.08 (1.01, 1.15)
More than 10 days in the past 30 days 1.12 (1.04, 1.20) 1.11 (1.04, 1.19)
Lifetime cocaine use
No Ref.
Yes 1.15 (1.04, 1.28)
Lifetime prescription drug misuse
No Ref.
Yes 1.05 (1.00, 1.11) (p = 0.081)
Notes: Models were built based on stepwise modeling; M1 model contains participant demographic characteristics including race/ethnicity 
and age, and sexual behaviors including sex of sexual partner, number of sex partners in the last three months, condomless sex, and drugs or 
alcohol before sex. M2 model contains substance use predictors (frequency of current alcohol, cannabis, and e-cigarette use) in addition to the 
predictors from the previous model. M3 model contains illicit substance use behaviors (cocaine use and prescription drug misuse) in addition 
to the predictors from the previous models
Bolded estimates indicate statistical significance (p < 0.05)
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Discussion

This study examined associations between unhealthy 
sexual and substance use behaviors and HIV/STI testing 
among a national sample of adolescents. There were sig-
nificant differences in HIV/STI testing regarding race and 
sex in the sample. Among adolescent males, age, number 
of sexual partners, and having sexual partners of both sexes 
were associated with increased odds of HIV and STI test-
ing; Black, Latino/Hispanic, and Multiracial identity were 
associated with increased odds of STI testing. Key find-
ings for females in this study were “Other” racial identity 
(i.e., Native American/Alaskan, Native Hawaiian, Pacific 
Islander, or Asian) associated with decreased odds of HIV 
testing, having sexual partners of both sexes, mild cannabis 
use, and lifetime cocaine use associated with increased odds 
of HIV testing; age and frequent cannabis use were both 
associated with increased odds of HIV and STI testing, and 
condomless sex associated with decreased odds of HIV and 
STI testing.

Sexual Health Behaviors

In the analysis, we had mixed findings for HIV and STI test-
ing odds among adolescents engaging in unhealthy sexual 
behaviors linked to increased HIV and STI incidence. The 
association between the number of sexual partners and 
increased odds of HIV and STI testing aligns with previous 
literature, reflecting public health messaging around sexual 
behavior and HIV and STI testing to be fairly accepted by 
adolescents [2, 19]. The finding of males reporting sexual 
partners of both sexes having increased odds of HIV and 
STI testing is a marked improvement from a previous study 
using YRBSS data from 2005 to 2013 illustrating a small 
proportion of sexual minority adolescent males reporting 
HIV or STI testing [41]. These results imply public health 
successes in sexual health behavior messaging towards ado-
lescents. However, the finding of condomless sex associated 
with decreased odds of HIV and STI testing among ado-
lescent females is contrary to previous literature [19, 42]. 
This raises questions on the possible barriers that arise for 
adolescent females and testing for HIV and STIs. One pos-
sible barrier for adolescent females could involve the power 
dynamics of contraception control in the female’s relation-
ship [42]. This finding warrants further exploration of this 
phenomenon, as this is concerning, and future research 
could aid in the development of sensitive interventions 
geared to increase HIV and STI testing rates among adoles-
cent females.

reporting lifetime prescription drug misuse had 1.05 times 
greater odds of HIV testing (95% CI: 1.00, 1.11), however, 
this was not statistically significant (p = 0.081).

Table 4 displays the odds of STI testing for males in the 
sample. In Model 1, compared to White males, the odds of 
STI testing were 1.08 times greater for Black males (95% 
Confidence Interval [CI]: 1.03, 1.12), 1.06 times greater for 
Latino/Hispanic males (95% CI: 1.01, 1.10), and 1.14 times 
greater for Multiracial males (95% CI: 1.05, 1.23). The odds 
of STI testing were 1.01 times greater for older male stu-
dents (95% CI: 1.00, 1.02, p = 0.019). Males who reported 
having sexual partners of both the same and opposite sex had 
1.11 times greater odds of STI testing compared to males 
who only reported having sexual partners of the opposite 
sex (95% CI: 1.02, 1.22). The odds of STI testing were 1.15 
times greater for those reporting increasing number of sex 
partners (95% CI: 1.09, 1.22). Males who reported using 
drugs or alcohol before their last sexual encounter were 
1.04 times greater odds of STI testing (95% CI: 1.01, 1.08). 
Model 2 saw similar results to Model 1, however odds for 
Latino/Hispanic males and drug or alcohol use before sex 
were no longer significant. Substance use variables were 
not statistically significant. Age and sex of sexual partner 
remained significant in all three models; cocaine use, and 
prescription drug misuse were not statistically significant in 
Model 3.

Table 5 displays the odds of STI testing for females in 
the sample. In Model 1, the odds of STI testing were 1.05 
times greater for older female students (95% CI: 1.03, 1.07). 
No associations were found for race/ethnicity among female 
students. The odds of STI testing were 1.10 times greater for 
those reporting increasing number of sex partners (95% CI: 
1.02, 1.18). Females who reported using drugs or alcohol 
before their last sexual encounter were 1.05 times greater 
odds of STI testing (95% CI: 1.00, 1.10, p = 0.042). The 
odds of STI testing were 0.91 times lower for those report-
ing no condom use during their last sexual intercourse (95% 
CI: 0.87, 0.95). Model 2 saw similar results to Model 1; 
however, odds for number of sexual partners and drugs or 
alcohol use before sex were no longer significant; in addi-
tion, odds of STI testing were 1.08 times greater for female 
students reporting 3–9 days of cannabis use in the past 30 
days (95% CI: 1.00, 1.17, p = 0.049) and 1.12 times greater 
for female students reporting more than 10 days of cannabis 
use in the past 30 days (95% CI: 1.03, 1.21). Age and con-
domless sex remained significant in all three models; fre-
quent (> 10 days) use of cannabis use remained significant 
in models 2 and 3.
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Table 4  Odds of testing for sexually transmitted infections (STIs) for males in the 2019 and 2021 YRBSS cycles using stepwise modeling
OR (95% CI)
M1 Characteristics 
(weighted n = 4,837)

M2 Characteris-
tics + Alcohol + Canna-
bis + Vaping (weighted 
n = 3,961)

M3 Characteristics + Alcohol, 
Cannabis, + Vaping + Illicit 
Cocaine Use + Prescription Drug 
Misuse (weighted n = 3,849)

Race/ethnicity
White Ref. Ref. Ref.
Black 1.08 (1.03, 1.12) 1.06 (1.01, 1.10) 1.06 (1.01, 1.11)
Latino/Hispanic 1.06 (1.01, 1.10) 1.04 (0.99, 1.09) 1.04 (0.99, 1.10)
Multiple 1.14 (1.05, 1.23) 1.13 (1.05, 1.21) 1.13 (1.05, 1.21)
Other 1.00 (0.93, 1.06) 0.97 (0.91, 1.04) 0.97 (0.90, 1.04)
Age 1.01 (1.00, 1.02) 

(p = 0.019)
1.02 (1.01, 1.03) 1.02 (1.01, 1.03)

Sex of sexual partner
Opposite Ref. Ref. Ref.
Same 1.05 (0.96, 1.15) 1.07 (0.97, 1.17) 1.07 (0.97, 1.18)
Both 1.11 (1.02, 1.22) 1.13 (1.03, 1.25) 1.13 (1.02, 1.24)
Number of sex partners in the past 3 months
No partners Ref. Ref. Ref.
One partner 1.02 (0.99, 1.05) 1.02 (0.99, 1.05) 1.02 (0.99, 1.05)
More than one partner 1.15 (1.09, 1.22) 1.12 (1.06, 1.19) 1.12 (1.05, 1.19)
Condomless sex
No Ref. Ref. Ref.
Yes 1.00 (0.98, 1.03) 1.03 (0.99, 1.06) 1.03 (1.00, 1.06)
Drugs or alcohol use before sex
No Ref. Ref. Ref.
Yes 1.04 (1.01, 1.08) 1.02 (0.98, 1.06) 1.02 (0.97, 1.07)
Frequency of current electronic cigarette use
0–3 days in the past 30 days Ref. Ref.
3–9 days in the past 30 days 0.96 (0.90, 1.03) 0.97 (0.90, 1.04)
More than 10 days in the past 30 days 0.98 (0.94, 1.02) 0.98 (0.94, 1.02)
Frequency of current alcohol use
0–3 days in the past 30 days Ref. Ref.
3–9 days in the past 30 days 1.00 (0.96, 1.06) 1.00 (0.95, 1.06)
More than 10 days in the past 30 days 1.09 (0.99, 1.19) 1.07 (0.97, 1.18)
Frequency of current cannabis use
0–3 days in the past 30 days Ref. Ref.
3–9 days in the past 30 days 1.01 (0.96, 1.07) 1.00 (0.95, 1.06)
More than 10 days in the past 30 days 1.04 (0.99, 1.09) 1.03 (0.98, 1.08)
Lifetime cocaine use
No Ref.
Yes 1.04 (0.98, 1.11)
Lifetime prescription drug misuse
No Ref.
Yes 1.01 (0.97, 1.06)
Notes: Models were built based on stepwise modeling; M1 model contains participant demographic characteristics including race/ethnicity 
and age, and sexual behaviors including sex of sexual partner, number of sex partners in the last three months, condomless sex, and drugs or 
alcohol before sex. M2 model contains substance use predictors (frequency of current alcohol, cannabis, and e-cigarette use) in addition to the 
predictors from the previous model. M3 model contains illicit substance use behaviors (cocaine use and prescription drug misuse) in addition 
to the predictors from the previous models
Bolded estimates indicate statistical significance (p < 0.05)
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Table 5  Odds of testing for sexually transmitted infections (STIs) for females in the 2019 and 2021 YRBSS cycles using stepwise modeling
OR (95% CI)
M1 Characteristics 
(weighted n = 4,494)

M2 Characteristics + Alco-
hol + Cannabis + Vaping 
(weighted n = 3,745)

M3 Characteristics + Alcohol, 
Cannabis, + Vaping + Illicit 
Cocaine Use + Prescription Drug 
Misuse (weighted n = 3,614)

Race/ethnicity
White Ref. Ref. Ref.
Black 1.05 (0.97, 1.14) 1.09 (1.00, 1.19) (p = 0.066) 1.09 (1.00, 1.19) (p = 0.064)
Latino/Hispanic 1.00 (0.95, 1.05) 1.01 (0.96, 1.06) 1.01 (0.96, 1.06)
Multiple 1.00 (0.92, 1.08) 0.98 (0.91, 1.07) 0.99 (0.91, 1.08)
Other 0.93 (0.85, 1.02) 0.95 (0.86, 1.04) 0.95 (0.86, 1.05)
Age 1.05 (1.03, 1.07) 1.05 (1.03, 1.08) 1.05 (1.03, 1.08)
Sex of sexual partner
Opposite Ref. Ref. Ref.
Same 0.98 (0.90, 1.06) 0.97 (0.88, 1.07) 0.97 (0.88, 1.07)
Both 1.03 (0.98, 1.08) 1.02 (0.96, 1.08) 1.01 (0.95, 1.08)
Number of sex partners in the past 3 months
No partners Ref. Ref. Ref.
One partner 1.01 (0.97, 1.05) 0.99 (0.95, 1.03) 0.98 (0.94, 1.02)
More than one partner 1.10 (1.02, 1.18) 1.07 (0.98, 1.17) 1.06 (0.97, 1.16)
Condomless sex
No Ref. Ref. Ref.
Yes 0.91 (0.87, 0.95) 0.92 (0.88, 0.97) 0.93 (0.89, 0.98)
Drugs or alcohol use before sex
No Ref. Ref. Ref.
Yes 1.05 (1.00, 1.10) 

(p = 0.042)
0.98 (0.94, 1.03) 0.98 (0.93, 1.04)

Frequency of current electronic cigarette use
0–3 days in the past 30 days Ref. Ref.
3–9 days in the past 30 days 1.00 (0.94, 1.07) 1.01 (0.95, 1.08)
More than 10 days in the past 30 days 1.05 (0.99, 1.12) 1.04 (0.98, 1.11)
Frequency of current alcohol use
0–3 days in the past 30 days Ref. Ref.
3–9 days in the past 30 days 0.98 (0.94, 1.03) 0.97 (0.93, 1.02)
More than 10 days in the past 30 days 1.05 (0.96, 1.16) 1.03 (0.93, 1.14)
Frequency of current cannabis use
0–3 days in the past 30 days Ref. Ref.
3–9 days in the past 30 days 1.08 (1.00, 1.17) (p = 0.049) 1.08 (1.00, 1.18) (p = 0.066)
More than 10 days in the past 30 days 1.12 (1.03, 1.21) 1.12 (1.03, 1.21)
Lifetime cocaine use
No Ref.
Yes 1.07 (0.96, 1.20)
Lifetime prescription drug misuse
No Ref.
Yes ` 1.02 (0.97, 1.09)
Notes: Models were built based on stepwise modeling; M1 model contains participant demographic characteristics including race/ethnicity 
and age, and sexual behaviors including sex of sexual partner, number of sex partners in the last three months, condomless sex, and drugs or 
alcohol before sex. M2 model contains substance use predictors (frequency of current alcohol, cannabis, and e-cigarette use) in addition to the 
predictors from the previous model. M3 model contains illicit substance use behaviors (cocaine use and prescription drug misuse) in addition 
to the predictors from the previous models
Bolded estimates indicate statistical significance (p < 0.05)
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to adolescents identifying as non-Hispanic White, high-
lighting potential barriers such as poor sexual and reproduc-
tive health access or pervasive stigma and misconceptions 
[49]. These findings are not only supported by the litera-
ture but also parallel other recent sexual reproductive health 
prevention trends around higher testing for certain minori-
tized groups. Results from a 2024 study utilizing IBM Mar-
ketScan Medicaid claims data found that more chlamydia 
and gonorrhea (two of the most common STIs) tests were 
ordered for Black youth than their White and Hispanic 
counterparts [50]. These findings underscore the need for 
more culturally sensitive interventions which recognize the 
racialized and gendered dynamics that may limit HIV/STI 
testing to improve rates among these communities of ado-
lescents [3]. Additionally, while the study was not able to 
include the experiences of minoritized intersex youth, these 
findings encourage additional researcher and practitioner 
efforts in understanding how they experience and navigate 
HIV/STI testing.

Recommendations

These racial and sex differences in testing behaviors may 
have implications for culturally competent, sex- and gender-
responsive intervention and care. While sexual orientation 
was not explicitly included in the present analysis (though 
sex of sexual partners was included), given the prevalence 
of HIV among Black men in the U.S. who have sex with 
men (MSM) and the continued public health efforts towards 
destigmatization and community engaged-education, sex-
ual orientation should be explored in a future analysis [51]. 
However, as there has been a focus on the sexual health 
practices of this group, researchers and practitioners may 
have unintentionally rendered invisible the needs of/out-
reach efforts to other groups such as female Native Ameri-
can, Alaskan Native, Native Hawaiian, Pacific Islander, or 
Asian adolescents. Additionally, our results showing sub-
stance use and age were associated with increased odds 
of STI testing may align with current literature support-
ing current sex-based medical bias. Yumori and colleagues 
found in their 2021 study that women were less likely to be 
adequately screened for HIV (15.1% vs. 25.8%) and Lid-
don and colleagues found in their 2022 study that younger 
girls were less likely to be properly screened for STIs [42, 
52]. Practitioners guided by biases may overlook the need 
to conduct routine screenings for younger female identi-
fied adolescents unless there are evident risk factors such as 
substance use. Younger females may also feel more uncom-
fortable disclosing their needs around sexual reproductive 
health due to gendered and racist stereotypes surrounding 
the sexuality of certain groups. These findings highlighting 
how, while we may have made strides in addressing some of 

Sex Differences in Substance Use

Findings from our analysis reveal an interesting pattern indi-
cating that adolescent females engaging in substance use 
and potential polysubstance use have increased odds of HIV 
and STI testing where males do not. For example, among 
adolescent females in the sample, frequent (> 9 days in past 
30) cannabis use remained associated with a greater odd of 
STI testing through iterations of stepwise modeling. For 
HIV testing, mild and frequent cannabis use, and lifetime 
cocaine use were associated with higher odds of testing, 
however, to our knowledge, limited studies have investi-
gated the associations between cannabis or cocaine use and 
STI testing [3]. A previous study using 2005 to 2011 YRBSS 
data, reflecting a consistent trend between these substances 
and HIV testing [3]. Since cannabis use is associated with 
lower condom use among adolescents, we suspect adoles-
cent females engaging in these behaviors are more likely 
to be knowledgeable of these risks and may have greater 
engagement with healthcare that offers HIV and STI tests 
[43, 44]. However, our finding that condomless sex is associ-
ated with lower odds of testing even after adjusting for can-
nabis use raises a contradiction. Several researchers suggest 
that higher odds of STI testing among adolescent females 
may be attributed to standard reproductive and gynecologi-
cal care for this population [45, 46]. However, this does not 
provide a comprehensive understanding of the pattern of 
substance use. Further research should continue to elucidate 
these substance-specific patterns found in order to better tai-
lor HIV and STI testing promotion interventions. Our find-
ings highlight the strong association between engaging in 
sexual health behaviors and the use of substances with HIV 
and STI testing. Understanding this co-occurrence is crucial 
for developing HIV and STI testing-focused interventions 
for adolescents as they continue to develop and negotiate 
autonomy over their health and behaviors.

Sex and Racial Disparities

Contextualizing these results within a frame that considers 
the intersectional impact of race and sex provides invalu-
able insights for future application and research. Males who 
were older and self-identified as Black, Latino, and Mul-
tiple races had higher odds of STI testing but this effect was 
not found for females. This could indicate a combination 
of higher exposure to sexual and reproductive health mes-
sages due to race, developmental stage, and urgency due 
to the historical disproportionate impact of the HIV/AIDS 
epidemic on gay, bisexual and questioning men [7, 47, 48]. 
In contrast, adolescent females identifying as Native Ameri-
can/Alaskan, Native Hawaiian, Pacific Islander, or Asian 
reported significantly lower odds of HIV testing compared 
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explore more sophisticated modeling strategies to refine 
these estimates. Additionally, the close AIC values between 
two sequential models (e.g., Model 2 and Model 3 for STI 
in males) raise considerations about the trade-off between 
model complexity and fit. Such observations are crucial for 
discussing the model selection process, emphasizing that 
more complex models do not always equate to significantly 
better model performance. Additionally, there were several 
interval estimates that, while not crossing 1.00, had a lower 
bound of 1.00. In these cases, p-values were presented upon 
which significance was interpreted. Despite these limita-
tions, the present study has notable strengths for examining 
correlates of HIV and STI testing among adolescents. The 
population-based sample included nationally representative 
data, increasing the generalizability of results. The sample 
size also enabled adequately powered analyses to evaluate 
sex differences in associations between demographics, sex-
ual health behaviors, substance use, and HIV/STI testing.

Implications

These findings highlight the importance of the role of how 
HIV and STI testing patterns are socially and structurally 
racialized, as well as the nuance of substance use behaviors 
that vary between the male and female adolescents in this 
sample. In addition to the need for scaling HIV and STI test-
ing for young people to prevent new cases of HIV and STIs, 
there is a need for tailored services that are more accessible, 
confidential, and culturally sensitive. One of which are opti-
mizing school clinics as sites for investment in HIV preven-
tative service, which has been shown to be a feasible and 
acceptable outlet for adolescents to receive sexual health 
promotion services [3, 54–56]. Such programming has also 
been beneficial in streamlining routine testing and care but 
also reduced barriers (e.g., geographic access, timely and 
rapid testing, In accordance to the literature, adolescents 
who reported using substances were highly associated with 
increased HIV and STI testing [43, 57, 58]. It is possible that 
they are also likely to experience more frequent encounters 
with healthcare providers, harm reduction, and other com-
munity programs. Thus, it is also necessary that contin-
ued investment in these points of service remain upkept to 
ensure routine HIV and STI testing is maintained for ado-
lescents. Our findings regarding the associations between 
multiple sex partners and HIV testing are consistent with 
previous literature on polyamorous and non-monogamous 
relationships [59–61]. These patterns show that adolescents 
who engage in sex with multiple partners may feel more 
empowered to negotiate safer sex practices but also aware 
of the importance of routine HIV and STI testing. However, 
these forms of relationships outside of the socially normal-
ized monogamous relationships remain heavily stigmatized 

the disparities in consistent, effective sexual health outreach 
and educations, future research should continue to examine 
these sex and substance use interaction patterns to better tai-
lor HIV and STI testing promotion interventions.

Strengths & Limitations

Findings must be considered within the context of a few 
limitations. While this cross-sectional study provides infor-
mation on correlates associated with lifetime STI and HIV 
testing, possible confounding factors were not assessed, and 
causal inference cannot be drawn. National YRBSS data 
are representative of public and private school students in 
grades 9–12 in the 50 states and the District of Columbia. 
Thus, results are not generalizable to adolescents who do 
not attend high school and may face even greater barriers to 
STI and HIV testing than their peers. Alcohol, cannabis, and 
e-cigarette use frequencies were assessed in the past 30 days, 
potentially excluding adolescents who previously engaged 
in the use of these substances. Frequencies of cocaine use 
and prescription pain medicine misuse were assessed in the 
student’s lifetime, potentially grouping students who tried 
either substance once and never again with students who 
currently engage in use of either substance. Outcome mea-
sures were limited to single items assessing whether stu-
dents had ever been tested for HIV or have been tested for 
STIs in the past year. Disruptions in access to sexual health 
services caused by the COVID-19 pandemic likely affected 
HIV and STI testing results, and STI testing results in partic-
ular [53]. The binary assessment of sex required transgender 
adolescents to choose between disclosing their sex assigned 
at birth and current gender identity and provided nonbinary 
adolescents with no means of expressing their identity. All 
measures were self-reported and vulnerable to recall and 
social desirability biases, which may have affected estimates 
of sexual health behaviors, substance use, and HIV and STI 
testing. Additionally, while it is always our goal to involve 
youth in research pertaining to their health outcomes, this 
analysis was not part of a larger funded study and therefore 
authors were restricted in the use of an advisory board to 
receive feedback regarding the analysis and interpretation 
of the results. Regarding the statistical approach, moderate 
multicollinearity was detected in the adolescent male statis-
tical models between race and other variables, as indicated 
by elevated Variance Inflation Factors (VIFs). This finding 
points to a potential overlap in the explanatory capacity of 
these variables. To ensure transparency in our analytical 
procedures, this potential multicollinearity has been flagged 
in this section, and the detailed VIF results are submitted as 
supplementary material. While this did not deter our ana-
lytical goals, conclusions drawn from the affected models 
should be interpreted with caution. Further research could 
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amongst healthcare providers, despite previous research 
that show that individuals in monogamous relationships do 
not necessarily result in less risk of acquiring HIV or STIs 
[60–62]. Therefore, HIV and STI testing efforts should also 
encompass broader models beyond traditional sexual and 
romantic relationships.

Conclusion

In conclusion, data from the YRBSS 2019 and 2021 cycles 
provides important insight on the HIV and STI testing 
behaviors of adolescents. Findings underscore the intri-
cate connection between substance use, other sexual health 
behaviors, and HIV and STI testing, pointing to the need for 
tailored interventions that consider the nuanced impact of 
risk among this population.
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