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Abstract We used the National Longitudinal Study of
Adolescent Health (N = 14,322) to measure associations
between non-injection crack-cocaine and injection drug use
and sexually transmitted infection including HIV (STI/
HIV) risk among young adults in the United States and to
identify factors that mediate the relationship between drug
use and infection. Respondents were categorized as injec-
tion drug users, non-injection crack-cocaine users, or non-
users of crack-cocaine or injection drugs. Non-injection
crack-cocaine use remained an independent correlate of
STI when adjusting for age at first sex and socio-demo-
graphic characteristics (adjusted prevalence ratio (APR):
1.64, 95 % confidence interval (CI): 1.16-2.31) and sexual
risk behaviors including multiple partnerships and incon-
sistent condom use. Injection drug use was strongly asso-
ciated with STI (APR: 2.62, 95 % CI: 1.29-5.33); this
association appeared to be mediated by sex with STI-
infected partners rather than by sexual risk behaviors. The
results underscore the importance of sexual risk reduction
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among all drug users including IDUs, who face high sexual
as well as parenteral transmission risk.

Keywords Sexually transmitted infection - HIV - Sexual
risk behavior - IDU - Drug use - United States

Introduction

Given the persistence of the sexually transmitted infection
including HIV (STI/HIV) epidemics in the United States
(US) [1, 2], identification of the populations at greatest
infection risk remains a public health priority so that ST/
HIV testing, treatment, and prevention interventions reach
those in greatest need.

Drug users have long been recognized as priority pop-
ulations for prevention of STIs including sexually trans-
mitted HIV [3]. Elevated infection rates among drug users
result due to a multitude of STI determinants including
elevations in numbers of sex partnerships and sex trade,
decreases in condom use, and engagement in high-risk
sexual networks in which there is elevated risk of links to
STI-infected sexual partners. While use of drugs is thought
to increase levels of risk-taking, in addition, social and
economic factors such as the need to trade sex for drugs
also drive sex risk.

There exists great heterogeneity within drug using
populations, and differential sexual risk within drug-using
groups has been documented [3]. The relationship between
crack-cocaine use and sexual transmission risk is well
established [3, 4], and studies suggest that crack-cocaine
users may experience elevated risk of STI compared with
other drug-using groups. Specifically, crack-cocaine users
consistently report higher levels of sexual risk behaviors
including multiple and concurrent partnerships and sex
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trade compared with non-users of drugs and with other
drug-using populations who do not use crack-cocaine,
including injection drug users (IDUs) whose primary drug
is heroin [3-8]. Crack-cocaine use also is strongly associ-
ated with having an STI-infected sex partner [9], with
biologically-confirmed STI [5, 10-12], and with sexually-
transmitted HIV infection [13, 14]. Extant literature has
suggested that cocaine-related increases in impulsivity
drive the elevated levels of STI risk observed in cocaine
users [8], while elevations in partnership levels due to sex
trade for crack/cocaine also is well documented [3].

When assessing infectious disease risk among IDUs,
researchers and program planners have focused on the
drug-related HIV transmission risk in this group given the
high transmission efficiency of parenteral versus sexual
HIV transmission [3]. However, IDUs exhibit elevated
levels of sexual risk-taking [6, 7, 15], have links to high
risk networks and hence face elevated risk of sex with
infected partners [6, 15], and have high risk of STI [5, 10,
15, 16] and HIV infection due to sexual transmission
[17-19]. In fact, sexual HIV transmission among IDUs may
be underestimated; currently, an HIV infection detected in
an individual who reports both IDU and high-risk hetero-
sexual activity is classified as a case attributable to IDU
alone, while the potential role of heterosexual transmission
is not documented [2]. The importance of sexual risk among
IDUs likely has been underestimated [16].

Though extant research in geographically distinct sam-
ples has documented high STI/HIV risk among both non-
injection and injection drug users, no prior study, to our
knowledge, has compared biologically-confirmed sexually
transmissible infection among non-injection drug users and
IDUs versus non-users of these drugs in a large nationally-
representative sample. The strong link between drug use
and STI/HIV risk points to the need for such a study at the
national level. Given both drug use and STI risk peak in
late adolescence and early adulthood [20-23], measure-
ment of the association in a population of young adults is
warranted. In addition, though numerous studies have
documented the link between non-injection and injection
drug use and sexual risk indicators including multiple
partnerships, inconsistent condom use, and links to high-
risk networks, research that identifies the most important
determinants of infection transmission in drug-using pop-
ulations is limited. Specifically, there is a need to evaluate
the degree to which elevations in behavioral STI/HIV
determinants including multiple partnerships or unpro-
tected sex versus network factors such as elevated risk of
sex with infected partners may drive sexually transmissible
infection risk among drug users.

To expand existing research on non-injection and
injection drug use and STI/HIV risk among young adults in
the US, we used Wave III of the National Longitudinal
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Study of Adolescent Health (Add Health) (N = 14,322) to
assess non-injection crack-cocaine and injection drug use,
sexual risk indicators, and biologically-confirmed infection
with Chlamydia, gonorrhea, or trichomoniasis among
young adults in the US. These STIs constitute a clear
public health concern. They are highly prevalent and un-
derdiagnosed [23-25], result in considerable morbidity
[26-29], increase HIV transmission [30-34], and can serve
as biomarkers of unprotected sex and potential exposure to
HIV. One objective of this study was to compare sexual
risk behaviors, links to infected partners, and biologically-
confirmed STI among IDUs, crack-cocaine users who did
not inject, and those who neither used crack-cocaine nor
injection drugs in order to evaluate which group was at
elevated risk of infection. We hypothesized that sexual risk
behaviors and STI would be elevated among both drug-
using groups, but that levels of STI risk would be higher
among non-injection crack-cocaine users than among IDUs
or non-users of drugs, given the elevations in impulsivity
and related sexual risk-taking associated with crack-
cocaine use [8]. The second study objective was to evaluate
the degree to which sexual risk behaviors versus sex with
an STI-infected partner may explain elevated STI levels
among the different drug-using populations in order to
better understand which factors should be targeted in
interventions designed for drug-using populations. We
hypothesized that among both non-injection crack-cocaine
users and IDUs, elevations in STI would be attributed to
increased levels of both sexual risk behaviors and sex with
STI-infected partners.

Methods

Add Health is a longitudinal cohort study designed to
investigate health from adolescence into adulthood in a
nationally-representative sample of US youth. The study
design has been described in detail elsewhere [35-40].
Wave 1 (1994-1995) data collected from adolescents and
parents were used to provide socio-demographic back-
ground characteristics on respondents. During Wave III
(2001-2002; range: 18-28 years), respondents were re-
interviewed about drug use and sexual risk. Additionally,
urine specimens were collected for determination of
Chlamydia trachomatis and Neisseria gonorrhea by ligase
chain reaction (LCR; Abbott LCx® Probe System, Abbott
Laboratories, Abbott Park, IL) and Trichomonas vaginalis
by polymerase chain reaction (PCR; Amplicor CT/NG
Urine Specimen Prep Kit, Roche Diagnostic Systems,
Indianapolis, IN). Evaluation studies suggest that urine-
based LCR detects chlamydia with a sensitivity ranging
from 80 to 96 % and a specificity ranging from 96 to
100 % in asymptomatic men and women [41, 42]. A
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systematic review of evaluations of LCR for gonorrhea
detection indicated that the sensitivity ranged from 94 to
100 % in women and from 98 to 100 % in men, and that
the specificity ranged from 99 to 100 % in women and men
[43]. The PCR assay is estimated to detect trichomoniasis
in asymptomatic men and women with a sensitivity of 91 to
92 % and a specificity of 93 to 95 % [40].

Ethical approval for this research was obtained from the
University of Florida Institutional Review Board.

Measures

Exposure: Non-injection Crack-cocaine and Injection
Drug Use

Respondents were asked, “Since June 1995, have you
injected (shot up with a needle) any illegal drug, such as
heroin or cocaine?” and “Since June 1995, have you used
any kind of cocaine—including crack, freebase, or pow-
der?” Based on these survey items, we coded a three-level
nominal categorical drug use variable indicating whether
respondents were non-injecting crack-cocaine users, IDU
(who also may have had a history of crack-cocaine use), or
non-users of crack-cocaine or injection drugs.

Outcomes: Sexual Risk Indicators and STI

We assessed three dichotomous indicators of sexual risk based
on Wave Il data: rtwo or more partners in the past year; four or
more partners in the past year; and inconsistent condom use in
the past year defined by report of failure to use condoms all of
the time during vaginal sex in the past year. We also examined
an indicator of sex with an STl-infected partner, defined by
report of sex in the past year with at least one partner who the
respondent reported to have ever had an STI. Since this vari-
able is based on the respondent’s report of his or her partner’s
infection status rather than obtained through network tracing
and interviews with and STI testing among sex partners, we
consider this a proxy indicator of involvement in a high-risk
sexual network. We also assessed biologically-confirmed
curable STI, defined by a positive test result for Chlamydia
trachomatis, Neisseria gonorrhea, or Trichomonas vaginalis
on the Wave III urine specimen versus a negative result for all
three tests.

Data Analysis

For all analyses, we used survey commands in Stata Version
10.1 (Stata Corp., College Station, TX) to account for strati-
fication, clustering, and unequal selection probabilities,
yielding nationally representative estimates. We used bivari-
able analyses to calculate weighted prevalences of non-
injecting crack-cocaine use, injection drug use, and non-use

of crack-cocaine or injection drugs by participant socio-
demographic characteristics. We also calculated the preva-
lence of alcohol use, marijuana, crack-cocaine, crystal
methamphetamine, and other drug use among non-injecting
crack-cocaine users, IDUs, and non-users of these drugs,
respectively. We estimated unadjusted and adjusted preva-
lence ratios (PRs) and 95 % confidence intervals (Cls) for the
associations between being an IDU or a non-injecting crack-
cocaine user versus being a non-user of these drugs (the ref-
erent) and adulthood sexual risk indicators and STI using a
Poisson model without an offset, specifying a log link and
probability weights [44, 45]. In the first set of multivariable
models, we adjusted for age at first vaginal intercourse
(referred to from this point forward as age at first sex) and
socio-demographic characteristics including race/ethnicity;
gender; age; mother/primary female caretaker’s education
measured by Wave I self-report if the mother/primary female
caretaker was interviewed, otherwise by adolescent’s report;
and Wave III low functional income status in the past year,
defined by the inability of the respondent or his/her household
to pay rent/mortgage or utilities in the past year. To assess the
degree to which use of alcohol and other drugs may influence
associations between non-injection crack-cocaine and injec-
tion drug use and STI/HIV risk, in a second set of models, we
adjusted for age at first sex and socio-demographic charac-
teristics plus indicators of alcohol and other drug use in the
year prior to Wave III, including marijuana use; frequency of
getting drunk, defined as getting drunk at least once per week,
less than once per week but more than one to two days in the
past year and one to two days in the past year versus never in
the past year; and crystal methamphetamine use.

When disproportionate STI levels were observed among
non-injection crack-cocaine users and IDUs, we explored
whether the sexual risk indicators—multiple partnerships,
inconsistent condom use, or sex with an infected partner—-may
have accounted for the elevated infection levels in these
populations. Specifically, we compared associations between
drug use indicators and STI adjusted for age at first sex and
socio-demographic characteristics with associations further
adjusted for hypothesized sexual risk behavior mediators:
multiple partnerships, consistent condom use, and sex with an
infected partner. If the associations between drug use and STI
were attenuated on further adjustment for the sexual risk
intermediates, we assumed these variables mediated the
association between drug use and STL

All models used complete case analysis. Approximately
4 % of respondents or less were missing on all exposures,
outcomes, and covariates, with the exception of two vari-
ables. Eighteen percent of respondents had missing data for
the indicator for biologically-confirmed STI; of the Wave
III participants, 7.9 % refused to provide a urine specimen,
1.6 % were unable to provide a urine specimen, 2.9 %
provided urine specimens that could not be processed due
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to shipping or laboratory problems, and 6.6 % did not have
results for all 3 STI tests. In addition, 10 % were missing
data on mother/primary female caretaker’s education.
While the prevalence of missing or incomplete STI and
mother/primary female caretaker’s education data was not
associated with race/ethnicity, missing data on these vari-
ables was more common among males than females and
was associated with increasing age.

Results
Young Adult Sociodemographic Characteristics
The analytic sample was approximately equal in gender

(49 % female, 51 % male) (Table 1). Approximately 68 %
were White, 16 % were African American, 12 % were

Latino, 1 % was Native American, and 4 % were Asian
American. Among respondents, half of their mothers/pri-
mary female caretakers attained a college education or
greater (50 %), one-third attained only a high school edu-
cation (34 %), and 16 % attained less than a high school
education. Fourteen percent of respondents reported diffi-
culty paying for housing or utilities in the past year.
Among young adults, 10 % reported non-injection
crack-cocaine use and 1 % reported injection drug use
since 1995, when the Wave I interview occurred. Though
no significant age differences were observed between non-
injection crack-cocaine users and IDUs, women were
less likely than men to be drug users (Table 1). Native
Americans were much more likely to report non-injection
crack-cocaine and injection drug use (15 % and 4 %,
respectively) than Whites (12 % and 1 %, respectively),
Latinos (10 % and 1 %, respectively), and Asian Americans

Table 1 Prevalence of drug use by socio-demographic characteristics among 14,322 young adults aged 18-28 years in the United States

N? Weighted

Prevalence of Non-injection Crack/cocaine Use,
% Injection Drug Use, and Non-Use of Crack/cocaine
and/or Injection Drugs by Socio-demographic

X? P value for differences
in drug use by
characteristic

Characteristics

Weighted %
Non-injection %

Weighted  Weighted %

Non-use of crack/

crack/cocaine  Injection cocaine and/or
use drug use injection drugs
Socio-demographic characteristics
Sex
Female 7,563 49.2 7.8 0.9 91.3 <0.0001
Male 6,759 50.8 12.5 1.4 86.0
Race/ethnicity
White 7,741 67.6 12.2 1.4 86.5 <0.0001
African American 3,042 16.0 2.7 0.4 96.9
Latino 2,340 119 10.1 1.1 88.8
Native American 136 0.8 15.2 4.1 80.8
Asian American 1,026 3.7 6.0 0.5 93.5
Age (years)
18-20 3,295 28.6 11.1 1.0 87.8 0.4264
21-22 5,012 332 10.3 1.1 88.6
23-28 6,015 383 9.5 1.3 89.2
Socio-economic background
Education of mother/primary
female caretaker (wave 1)
< High school graduate 2,177 16.2 7.7 0.7 91.6 0.0017
High school graduate 3,966 339 9.2 1.1 89.7
>College 6,676 49.8 11.4 1.4 87.2
Respondent/household could not
afford housing/utilities in past year
(wave III)
No 12,217 86.2 9.6 1.1 89.3 <0.0001
Yes 1,941 13.8 139 1.7 84.4

? Totals may not sum to 14,322 due to missing values

@ Springer



AIDS Behav (2013) 17:1185-1194

1189

Table 2 Use of alcohol, marijuana, and other drugs among non-injection crack/cocaine users, injection drug users, and non-users of crack/

cocaine and/or injection drugs

Weighted percent reporting use of alcohol, marijuana,
and other drugs among non-injection crack/cocaine

X? P value for differences in alcohol and drug use by non-
injection crack/cocaine use and injection drug use status

users, injection drug users, and non-users of crack/

cocaine and/or injection drugs

Non-injection Injection  Non-user of crack/
crack/cocaine drug user cocaine and/or injection
user drugs
Wave 11l substance use
Got drunk at least once 322 20.2 8.4 <0.0001
per week in the past
year
Used Marijuana in the 79.6 73.1 27.3 <0.0001
past year
Used crack/cocaine since  100.0 70.9 0.0 <0.0001
wave
Used crack/cocaine in 63.3 453 0.0 <0.0001
the past year
Used crystal 35.8 62.9 1.8 <0.0001
methamphetamine
since wave |
Used crystal 16.8 41.9 0.6 <0.0001
methamphetamine in
the past year
Used other drugs® since 75.3 774 10.0 <0.0001
wave |
Used other drugs® in the  48.6 51.2 5.2 <0.0001
past year

# Respondents were asked to report on use of any other illegal drugs, such as LSD, PCP, ecstasy, mushroom s, inhalants, ice, heroin, or

prescription medicines not prescribed for you

(6 % and 0.5 %, respectively), while African Americans were
much less likely than other groups to report non-injection
crack-cocaine and injection drug use (3 % and 0.4 %,
respectively). High maternal education was associated with
higher levels of drug use, while low functional income status
was associated with higher levels of use.

Use of Alcohol and Other Drugs among Non-injection
Crack-cocaine Users and IDUs

Non-injection crack-cocaine users and IDUs reported dis-
proportionate use of alcohol, marijuana, crack-cocaine, crys-
tal methamphetamine, and/or other illicit drugs compared
with non-users of these drugs (Table 2). One-third of non-
injection crack-cocaine users (32 %) and one-fifth of IDUs
(20 %) reported getting drunk at least once per week in the
year prior to Wave III versus less than one-tenth of non-users
(8 %). Nearly 80 % of non-injection crack-cocaine users and
73 % of IDUs versus 27 % of non-users used marijuana in the
past year. While 100 % of non-injection crack-cocaine users
had, by definition, used crack-cocaine since Wave I and 63 %
had used crack-cocaine in the past year, injection drug users
also reported high levels of crack-cocaine use since Wave [

(71 %) and in the past year (45 %). IDUs also were more
likely than non-injection crack-cocaine users to report crystal
methamphetamine use since Wave 1 (63 % versus 36 %,
respectively) and in the past year (42 % versus 17 %,
respectively).

Sexual Risk Indicators and STI

In the year prior to Wave III, the weighted prevalence of
two or more sex partnerships was 28 %, four or more sex
partnerships was 8 %, inconsistent condom use was 78 %,
and sex with an STI-infected partner was 8 %. The
weighted prevalence of STI was 6 %; 4 % were infected
with Chlamydia, 0.4 % were infected with gonorrhea, and
2 % were infected with trichomoniasis.

Associations: Drug Use Category and Sexual Risk
Indicators

Compared to those who had not used crack-cocaine or
injection drugs, non-injection crack-cocaine users and
IDUs were more likely to report having two or more sex
partnerships in the past year (crack-cocaine PR: 1.81, 95 %
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Table 3 Prevalence ratios (PRs) and 95 % confidence intervals (CIs) for the associations between non-injection crack/cocaine use and injection
drug use versus non-users of crack/cocaine and injection drugs (referent) and adulthood sexually transmitted infection (STI) risk among young

adults aged 18-28 years in the United States

Weighted Unadjusted

Adjusted PR: Fully-adjusted PR:

PR adjusted for age at adjusted for age at first
first vaginal vaginal intercourse, socio-
intercourse demographic characteristics,
and socio- and other substance use”
demographic

characteristics®

%
2 + Partners in past year
Non-user of crack/cocaine and/or injection drugs 26.0
Crack/cocaine user, non-user of injection drugs 47.0
Injection drug user (may have used crack/cocaine) 37.7
4 + Partners in past year
Non-user of crack/cocaine and/or injection drugs 6.9
Crack/cocaine user, non-user of injection drugs 17.9
Injection drug user (may have used crack/cocaine) 13.5
Inconsistent condom use (< all of the time) in the past year
Non-user of crack/cocaine and/or injection drugs 77.0
Crack/cocaine user, non-user of injection drugs 87.2
Injection drug user (may have used crack/cocaine) 91.8
Sex with an STl-infected partner in the past year
Non-user of crack/cocaine and/or injection drugs 5.9
Crack/cocaine user, non-user of injection drugs 9.5
Injection drug user (may have used crack/cocaine) 14.4
Biologically confirmed current STI
Non-user of crack/cocaine and/or injection drugs 6.1
Crack/cocaine user, non-user of injection drugs 7.1
Injection drug user (may have used crack/cocaine) 10.2

Referent
1.81 (1.65-1.98)
1.45 (1.07-1.97)

Referent
2.59 (2.19-3.06)
1.95 (1.15-3.29)

Referent
1.13 (1.09-1.17)
1.19 (1.12-1.27)

Referent
1.62 (1.31-2.00)
2.44 (1.48-4.01)

Referent
1.17 (0.82-1.65)
1.69 (0.85-3.38)

Referent
1.54 (1.38-1.71)
1.28 (0.93-1.77)

Referent
2.13 (1.79-2.53)
1.66 (0.98-2.82)

Referent
1.11 (1.07-1.15)
1.15 (1.06-1.24)

Referent
1.63 (1.29-2.06)
2.24 (1.22-4.10)

Referent
1.64 (1.16-2.31)
2.62 (1.29-5.33)

Referent
1.19 (1.06-1.34)
1.19 (0.85-1.65)

Referent
1.46 (1.18-1.81)
1.33 (0.78-2.28)

Referent
1.09 (1.05-1.13)
1.12 (1.02-1.22)

Referent
1.30 (0.98-1.71)
1.57 (0.74-3.32)

Referent
1.55 (1.03-2.33)
2.10 (0.80-5.53)

4 Multivariable models included adjustment for age at first vaginal intercourse, race/ethnicity, gender, age, mother/primary female caretaker’s

education, and Wave III low functional income status in the past year

° Multivariable models included adjustment for age at first vaginal intercourse, race/ethnicity, gender, age, mother/primary female caretaker’s
education, and Wave III low functional income status in the past year, marijuana use in the year prior to Wave III, frequency of getting drunk in
the year prior to Wave III, and crystal methamphetamine use in the year prior to Wave III

¢ Confirmed to have a positive test result with Chlamydia trachomatis, Neisseria gonorrhea or Trichomonas vaginalis

CI: 1.65-1.98; IDU PR: 145, 95% CI. 1.07-1.97)
(Table 3). In analyses adjusting for age at first sex, race/
ethnicity, gender, age, mother/primary female caretaker’s
education, and Wave III low functional income status in
the past year the association between crack-cocaine use and
two or more partnerships remained (adjusted prevalence
ratio (APR): 1.54, 95 % CI: 1.38-1.71), but the association
between injection drug use and two or more partnerships
weakened and lost significance (APR: 1.28, 95 % CI:
0.93-1.77). In analyses adjusting for age at first sex, socio-
demographic factors, and alcohol and other drug use, the
association between crack-cocaine use and two or more
partnerships weakened considerably but appeared to
remain (APR: 1.19, 95 % CI: 1.06-1.34), while the asso-
ciation between IDU and the outcome weakened and was
no longer significant.
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Non-injection crack-cocaine users and IDUs also were
much more likely than non-users to report having four or
more sex partnerships in the past year (crack-cocaine PR:
2.59, 95 % CI. 2.19-3.06; IDU PR: 1.95, 95 % CI:
1.15-3.29). In analyses adjusting for age at first sex and
socio-demographic factors, moderate to strong associations
appeared to remain between non-injection crack-cocaine
use and four or more partnerships (APR: 2.13, 95 % CI:
1.79-2.53) and between injection drug use and four or
partnerships (APR: 1.66, 95 % CI: 0.98-2.82). In models
adjusting for age at first sex, socio-demographic factors,
and alcohol and other drug use, the association between
non-injection crack-cocaine use and four or more partner-
ships remained (APR: 1.46, 95 % CI: 1.18-1.81), but the
association between injection drug use and four or part-
nerships weakened and lost significance.
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In both unadjusted and analyses adjusted for age at first
sex, socio-demographic factors, and alcohol and other
drug use, weak associations were observed between non-
injection crack-cocaine and injection drug use and
inconsistent condom use in the previous year (crack-
cocaine APR: 1.09, 95 % CI: 1.05-1.13; IDU APR: 1.12,
95 % CI: 1.02-1.22).

Non-injection crack-cocaine users and IDUs were
much more likely to report having sex with an STI-
infected partner than non-users (crack-cocaine PR: 1.62,
95 % CI: 1.31-2.00; IDU PR: 2.44, 95 % CI: 1.48-4.01).
In analyses adjusting for age at first sex and socio-
demographic factors, the associations between non-injec-
tion crack-cocaine and injection drug use and sex with an
infected partner generally remained (crack-cocaine APR:
1.63, 95 % CI: 1.29-2.06; IDU APR: 2.24 (1.22-4.10)).
In analyses adjusting for age at first sex, socio-demo-
graphic factors, and alcohol and other drug use, the
associations weakened and were no longer statistically
significant.

Associations: Drug Use Category
and Biologically-Confirmed STI

In unadjusted analyses, there were no significant associa-
tions between either non-injection crack-cocaine or injec-
tion drug use and having a biologically-confirmed STI
(Table 3). However, in analyses adjusting for age at first
sex, race/ethnicity, gender, age, mother/primary female
caretaker’s education, and Wave III low functional income
status in the past year both non-injection crack-cocaine
users and IDUs were much more likely to have a biologi-
cally-confirmed STI than non-users of either drug (crack-
cocaine APR: 1.64, 95 % CI: 1.16-2.31; IDU APR: 2.62,
95 % CI: 1.29-5.33). The unadjusted estimate was strongly
confounded by race/ethnicity given the strong association
between race/ethnicity and STI, with African Americans
disproportionately infected, and between race/ethnicity and
drug use, with African Americans less likely than other
race/ethnic groups to be drug users. When race/ethnicity
was removed from the adjusted model, the PRs decreased
from 1.64 to 1.06 (95 % CI: 0.74—1.52) for crack-cocaine
and from 2.62 to 1.66 (95 % CI: 0.81-3.43) for IDU,
highlighting the important confounding effect of this var-
iable. Fully-adjusted models that included controls for age
at first sex, socio-demographic factors, and alcohol and
other drug use indicated moderate associations between
non-injection crack-cocaine and biologically-confirmed
STI (crack-cocaine APR: 1.55, 95 % CI: 1.03-2.33),
though the association between IDU and STI weakened and
was no longer statistically significant (APR: 2.10, 95 % CI:
0.80-5.53).

Evaluation of Potential Mediators of Associations
between Drug Use Category and STI

We sought to evaluate whether the high levels of STI
observed among crack-cocaine users and IDUs could be
attributed to sexual risk behaviors including multiple
partnerships or consistent condom use or to elevated risk of
links to high-risk networks as indicated by sex with an STI-
infected partner. The association between non-injection
crack-cocaine use and STI in models adjusted for age at
first sex and socio-demographic characteristics (APR: 1.64,
95 % CI: 1.16-2.31; Table 3) did not materially change
when further adjusting for indicators of multiple partner-
ships, inconsistent condom use, and sex with an STI-
infected partner in the past year (APR: 1.59, 95 % CI:
1.08-2.34). Hence, the analyses suggested that these sexual
risk indicators, as measured in Add Health, did not explain
the moderate elevations in STI levels observed among non-
injection crack-cocaine users.

The association between IDU and STI when adjusting
for age at first sex and socio-demographic factors (APR:
2.62, 95 % CI: 1.29-5.33) was weakened somewhat but
essentially remained when further adjusting for multiple
partnership and inconsistent condom use variables (APR:
2.34, 95 % CI: 1.06-5.17). When a separate model was
estimated that included age at first sex, socio-demographic
factors, multiple partnership indicators, inconsistent con-
dom use, and the addition of sex with an STI-infected
partner, the association weakened by 20 % and was no
longer significant (APR: 1.88, 95 % CI: 0.75-4.73). The
analyses suggested that elevated risk among IDUs is more
likely attributed to elevated risk of sex with infected
partners than to elevated levels of multiple partnerships and
inconsistent condom use.

Discussion

Among young adults in the US, in analyses adjusting for
age at first sex and socio-demographic factors, injection
drug use was independently associated with over twice the
prevalence of biologically-confirmed STI, and non-injec-
tion crack-cocaine use was associated with moderate ele-
vations in infection. While prior studies have documented
the association between both non-injection and injection
drug use and STI [5, 10, 15, 16], existing research has been
somewhat limited by small sample size, restricted geo-
graphic scope, and focus on specific racial/ethnic popula-
tions. The current study documents high levels of STI
among both non-injection crack-cocaine users and IDUs at
the national level across race and gender sub-populations.
The findings provide further support for the call that both
non-injection crack-cocaine users and IDUs constitute

@ Springer



1192

AIDS Behav (2013) 17:1185-1194

priority populations for STI testing, treatment, and pre-
vention interventions.

Our findings highlight the high vulnerability of IDUs to
STI that has been observed previously [15-17]. While use
of injection drugs may contribute to risk-taking that
increases STI risk, elevated partnership levels among
IDUs, in part due to trading sex for money or drugs, are
well documented [3]. In the context of documenting high
HSV-2 infection levels among IDUs in New York City,
Des Jarlais et al. (2009) indicated that sexual transmission
likely plays an important role in the transmission of HIV
among IDUs. The study suggested that the role of sexual
HIV transmission among IDUs may be underestimated due
to limitations of the system used by CDC to classify causes
of HIV cases [16]. Our findings provide further support for
the need to consider expanding the CDC classification
system to include a combined category of IDU and high-
risk heterosexual sex so that the potential for sexual
transmission among IDUs is documented. In addition, our
findings highlight a need to emphasize both safer sex as
well as safer injection practices in HIV prevention pro-
grams designed for IDUs [15, 17].

This study assessed the degree to which sexual risk
behaviors including multiple partnerships and inconsistent
condom use and/or sex with an STI-infected partner may
mediate the relationship between drug use and STI. Our
analyses suggested that elevated STI levels among IDUs
were less likely due to elevations in multiple partnerships
or inconsistent condom use, but, rather, due to elevated risk
of sex with infected partners, a proxy for involvement in a
high-risk sexual network. Prior studies also have indicated
that IDUs experience elevated STI/HIV risk due to
involvement in high-risk networks [6, 15]. Our results
indicate that STI/HIV prevention messages targeting IDUs
must emphasize their disproportionate risk of contact with
someone who is infected and hence the importance of
consistent condom use. Though IDUs likely face high
infectious disease risk as a result of their involvement in
high-risk social and sexual networks, prior research has
indicated that IDU risk networks also may serve as
important platforms for dissemination of STI/HIV control
and prevention programs [46].

Non-injection crack-cocaine use was a stronger and
more consistent correlate of elevated partnership levels
than injection drug use, as has been observed in prior
studies [3-8]. Crack-cocaine use is associated with higher
levels of disinhibition and impulsivity, factors that drive
sex risk, compared with use of other drugs such as opiates
[8]. While non-injection crack-cocaine use was associated
with both sexual risk behaviors and STI, our analyses failed
to demonstrate that the sexual risk indicators, as measured
in Add Health, accounted for the elevations in STI
observed among non-injection crack-cocaine users. It is
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possible that sexual risk variables were not accurately
measured in Add Health. Different indicators of elevated
partnership levels, unprotected sex, and/or sex with infec-
ted partners may mediate the association between non-
injection crack-cocaine user and STI. Nonetheless, robust
associations between non-injected crack-cocaine use and
both risk behaviors and infection suggest that prevention
and treatment of crack-cocaine use, an important public
health concern in itself, may reduce the high levels of
partnership exchange levels that drive STI/HIV epidemics.

We observed high levels of polydrug use among non-
injection crack-cocaine users and IDUs. Adjusted analyses
suggested that sexual risk among crack-cocaine users and
IDUs, in part, may be due to high levels of alcohol and
other drug use in this population. Of particular note is the
high level of crystal methamphetamine use observed
among both non-injection crack/cocaine users and IDUs,
given the strong consistent association between metham-
phetamine use and sexual risk taking [47-51]. The current
study highlights the need for sexual risk reduction inter-
ventions for injectors and non-injectors to address polydrug
use.

Conduct of research on drug use and STI in a general
population sample presents limitations. Selection bias may
have resulted if the school-based sampling frame omitted
the adolescents who were at greatest risk of injection drug
and crack-cocaine use because they were not enrolled in
school; hence, the sample of Add Health respondents who
reported use of these drugs may not represent other drug-
using populations. In addition, because injection drug use
is an uncommon event in the general population, despite
the large Add Health sample, we did not have an adequate
number of IDUs to enable comparison between IDUs who
did versus who did not use crack-cocaine, a limitation
given prior research has suggested that IDUs who used
crack-cocaine have a higher risk of STI/HIV-related
behaviors than non-crack-using IDUs [6, 7]. Another lim-
itation with respect to assessment of drug use in Add
Health is that, given the general nature of questions that
assessed injection drug use—in which respondents were
asked if they had ever injected any illegal drug, such as
heroin or cocaine—we cannot know which drugs were
injected in the sample. In addition, the indicators of sexual
risk-taking included in this analysis present limitations.
Self-reported measures of STI, sex with infected partners,
and sexual risk behaviors are known to suffer from recall
and self-presentation bias. To most effectively measure sex
with an STI-infected partner, for example, we would need
to conduct a network study in which we measured bio-
logically confirmed current infection for index cases and
partners. Since such network data are not available in Add
Health, we used the indicator of sex with a partner who had
ever had an STI as a proxy measure. It is possible that a
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biomarker of sex with an infected partner may have sug-
gested that this variable accounted for elevated levels of
STI among crack-cocaine users as well as in IDUs. In
addition, indicators of multiple partnerships were included,
though STI risk would be minimal if condoms were used
consistently within these partnerships. However, we elec-
ted to examine multiple partnerships as an indicator of risk
because the rate of partnership exchange is an important
STI determinant. Further, because inconsistent condom use
is commonly measured in drug using populations [3], drug
users in this dataset who report multiple partnerships likely
face elevated STI risk.

This study documents high STI/HIV risk among both non-
injection crack/cocaine users and IDUs. Given the apparent
roles of both non-injection and injection drug use in the cur-
rent STI/HIV epidemics, these populations should be priori-
tized for further development, evaluation, and dissemination
of STI/HIV treatment and prevention interventions. The
results highlight the particular vulnerability of IDUs to sexu-
ally transmissible infection and suggest that sexual transmis-
sion of HIV transmission may play a greater role in the
epidemic among IDUs than is currently indicated.
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