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Abstract
Purpose—To examine daily- and event-level associations of substance use with occurrence of
sex and condom nonuse among depressed youth.

Methods—Depressed, sexually active outpatients age 15–22 reported alcohol use, marijuana use,
and sex on a personal digital assistant for 2 weeks. If they reported sex, participants indicated
partner type and condom use. Data were analyzed for participants who reported both substance use
and sex events (N=39) using generalized estimating equations. Daily-level models compared the
likelihood of sex and of condom nonuse between days on which participants did or did not use
substances. Event-level models examined the likelihood of sex in the 2, 6, and 12 hours following
substance use and the likelihood of condom nonuse if substances were used in the preceding 2, 6,
and 12 hours.

Results—Participants reported 307 sex events (180 unprotected) and 391 substance use events
on 572 days. Substance use was associated with increased odds of sex on the same day, but not
after adjusting for weekend. Depressed youth were less likely to have sex within 2 hours following
substance use and more likely to have sex within 12 hours after marijuana use. There was no main
effect of substance use on condom nonuse; however, there was a significant interaction such that
on weekdays, condom nonuse was less likely when substances were used within 6 hours before
sex.
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Conclusions—The findings from this small, predominantly female sample suggest that
contextual factors, not intoxication, influence associations of substance use with sexual behavior
in depressed youth.

Keywords
Substance use; sexual intercourse; condom use; unprotected sex; adolescent; young adult; event-
level; momentary sampling

Introduction
Substance use has been linked to sexual behavior in adolescents and young adults. Young
people who use substances are more likely to have had sexual intercourse (sex) and those
who have had sex are more likely to use substances [1, 2]. Similarly, substance use and
condom non-use co-occur in youth. Hypothesized reasons for these associations include
lifestyle clustering of behaviors [3] and event-specific effects of substances on sexual
decision-making [4, 5]. For example, the alcohol myopia model postulates that intoxication
decreases ability to attend to distal cues for a behavior (e.g., knowledge about and
motivation to reduce risk) and increases focus on proximal cues (e.g., sensory input and
physiological arousal associated with a potential partner) [4, 5]. To be plausible, substance
use would have to occur close enough to sex for the individual to be intoxicated [6, 7].
However, observations of co-variation in behaviors can be confounded by individual,
relationship, and situational characteristics (e.g., personality trait, partner type, or
relationship duration) [8].

Diary and timeline follow-back calendar studies have examined substance use and sex on
the same day [9], or report of substance use at the time of [10, 11], before [7, 12–14], or
proximal to [15] sex. Although some studies have found global associations [16, 17], most
within-participant analyses have suggested that unprotected sex does not follow substance
use [7, 10, 16, 17]. In college students, drinking before sex was associated with a lower
likelihood of condom use when positive mood was increased [14]. However, analyses did
not adjust for other potentially confounding contextual information (e.g., both behaviors
may be more likely on the weekend, when positive mood is higher [18]).

Another relevant factor is the nature of the sexual partnership [8, 12, 19]. One study of male
college students found that drinking preceded unprotected sex only with casual partners
[12]. In another study of college students, drinking before sex was not related to condom use
overall, but women who drank before sex with a casual partner were more likely to use a
condom than women who did not drink [7]. The findings suggest that individuals may
follow their usual patterns of behavior regardless of intoxication (i.e., drinking is related to
sex with casual partners, with whom condom use is more likely) [10]. At least one event-
level study found that women were more likely to have sex with a new acquaintance when
the encounter involved alcohol than when it did not [20].

Most event-level studies have examined alcohol [7, 12, 20], but not cannabis or other drugs.
One study of 16- to 24-year olds found no association between cannabis use and condom
nonuse with a new partner over the previous two years [21]. However, few sexual events
were preceded by cannabis use. Further, the long recall period may have biased reporting,
especially among individuals who used cannabis heavily [22]. Because cannabis is the most
frequently used illicit drug among U.S. youth [23], studies should specifically examine
cannabis in relation to sexual behavior.
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Although event-level methodology improves investigation of causal associations between
substance use and sexual behavior, it is not without limitations. When participants are asked
to record substance use in relation to a sexual event, they may alter their behaviors or
reporting of their behaviors. Behavioral data may be biased by both recall duration and
behavior frequency [24]. Further, most studies do not collect precise information about the
timing of behavioral events. Substance use shortly before sex may influence decisions about
whether to have sex or use a condom. However, substance use preceding sex by several
hours may affect social decision-making (e.g., whether to go to a party). Investigating these
relationships requires analyses of event data ordered in time over intervals of varying
lengths.

Momentary sampling methods can address many limitations of other methodologies [25].
Individuals use portable electronic devices to report shortly after behaviors, minimizing
recall bias and missing data [26]. Reports may be prompted by signal, thereby not relying on
the participant to remember to make a report. Participants have multiple opportunities to
report the same phenomenon, reducing the likelihood that they will not report it. Participants
can report the time of events, allowing them to be ordered and for the time between events
to be examined. By assessing multiple events, momentary sampling can obtain a more
representative sample of behavior than with recall of one specific event (e.g., last sex). Data
on multiple sex events/person allows for within-individual analyses of sex with and without
antecedent substance use, thereby controlling for individual characteristics [27]. Momentary
sampling permits report of specific event information (e.g., partner type) that may be
difficult to recall reliably. Within-participant analyses can then determine how associations
vary across these event-specific characteristics, as well as across days [28]. Momentary
sampling can assess behaviors without linking them (i.e., without asking whether substances
were used before sex [29]), minimizing the possibility that participants change what they are
or report doing because they become aware of connections between their behaviors or
ascertain study objectives [27].

Event-level associations between substance use and sexual behaviors are of particular
interest among depressed youth, who report high levels of both substance- [30] and sex-
related risk behavior [31], including substance use before sex [6]. Research elucidating
possible causal links between these behaviors may help to explain increased rates of
sexually transmitted infections (STIs) in this population [32]. Using momentary sampling,
we examined associations between substance use and two sexual behaviors (having sex and
not using a condom) in a sample of depressed adolescents and young adults, addressing the
following questions:

Substance use and sex

1) Are depressed young people more likely to have sex on a day on which they use
substances than on non-substance-using days?

2) Are they more likely to have sex after using substances?

Substance use and condom nonuse

3) When depressed young people have sex, are they more likely to not use a
condom on a day on which they use substances than on non-substance-using
days?

4) When they have sex, are they more likely to not use a condom after using
substances?

We accounted for potential moderating factors (weekend day, partner type), and analyzed
alcohol and marijuana separately as well as together.
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Method
Participants

Depressed outpatients of two adolescent medicine clinics, a psychiatric clinic, and a young
parents’ program of a children’s hospital were recruited if they were 15–22 and reported sex
at least once/week and clinically significant depressive symptoms (Beck Depression
Inventory-II [33] score ≥ 16). Patients self-referred or were referred by their medical or
mental health provider, then completed a screening audio computer-assisted self-interview
(ACASI). Institutional review board approval was obtained with a waiver of parental
consent for participants under 18. Fifty-four young people enrolled; 52 (96%) collected
momentary data (one had technical problems, one did not make any reports). Of these, 39
(75%) reported sex and substance use each at least once during the study, and comprised the
analytic sample. One participant’s event data did not have valid times and were excluded
from the event-level analyses.

Procedure
Participants collected data for two weeks using a personal digital assistant (PDA). The PDA
signaled participants 4–6 times/day at random during their waking hours, except when they
anticipated not being able to respond (median number of signals/participant, 68, an average
of 4.8 signals/day).1 When signaled, participants answered questions on alcohol and
marijuana use and sex events since the previous signal (median signal response rate, 82.1%;
median number of reports/day, 3.7). Signal response rate was not associated with participant
age, gender, or racial/ethnic group; or signal time or day. Participants were also instructed to
make a report following sex or substance use. Event date and time were compared with
report time- and date-stamp to identify if an event was reported more than once; if so, the
report closest to the event time was analyzed.

Measures
On baseline ACASI, participants reported their age (years), gender, and whether they
(females) were or a partner (males) was currently pregnant.

On momentary reports, participants indicated if they had sex, and if so, identified partner
type (main, new, other; dichotomized as main vs. non-main) and whether a condom was
used (condom nonuse; yes, no). Participants reported the date (today, yesterday, or calendar
date) and time (to the nearest 15-minute interval) of sex events. Similarly, participants
reported if they had used alcohol or marijuana (substance use) and the date and time of use.

Data Analysis
Analyses were performed using SAS 9.2 (Cary, NC). Generalized estimating equations
(GEE) with a binary outcome and a logit link function were used to account for within-
participant clustering of observations and assumed a compound symmetric covariance
structure. Analyses examined alcohol and marijuana together and separately, and explored
interactions of substance use with partner type and weekend (one interaction term at a time).
Daily-level analyses examined the co-occurrence of substance use and sex behaviors on the
same day, without regard to order and according to date (so behaviors close in time but
crossing midnight would not be identified as co-occurring). In contrast, event-level analyses

1The PDA was programmed to emit one signal at random within each 3-hour block during each participant’s self-identified waking
hours, no closer than 30 minutes apart. Therefore, a participant who was awake from 7 am to 10 pm would be signaled five times, a
participant who was awake from 9 am to 2 am would be signaled six times, and a participant who was awake from 9 am to 9 pm
would be signaled four times. Additionally, the PDA was programmed not to emit a signal at times when participants indicated that
they would be unable to respond (e.g., on Sunday from 10 am to 11 am while at church).
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examined the behaviors in order, such that substance use preceded sex, and distanced in time
by hours (regardless of date).

Substance use and sex—To examine whether days on which depressed youth used
substances were more likely to be days on which they had sex, we created daily summaries
of events for each participant and tested for associations within the same calendar day.
Models adjusted for age, gender, pregnancy status, and weekend day (Friday or Saturday
[34]).

To test associations between substance use and subsequent sex, we created time blocks of 2
hours following each substance use event and compared the odds of a sex event in these
blocks to the odds of a sex event in blocks more distant from substance use (Figure 1a). The
2-hour window was consistent with other research [6] inferring the substance’s immediate
effects. Similar models examined the likelihood of sex within 6 and 12 hours after a
substance use event, more intermediate and distant intervals during which behaviors may
occur sequentially owing to individual or contextual factors. The blocks distant from
substance use excluded time 2, 6, or 12 hours before substance use (to avoid a reverse
association) and varied in length; models adjusted for block duration. Models also adjusted
for age, gender, pregnancy status, proportion of reports in a block with a weekend time (3
pm Friday through 11:59 pm Sunday [18]), and proportion of reports in a block made at
each of four times of day (12 midnight–5:59 am, 6 am–11:59 am, 12 noon–5:59 pm, 6 pm–
11:59 pm).

Substance use and condom nonuse
For days on which sex occurred, we examined associations between using substances and
having unprotected sex on the same day. Models adjusted for age, gender, pregnancy,
weekend day, and having any sex events with a non-main partner on the day.

To determine whether substance use before sex was associated with condom nonuse, we
created windows of 2, 6, and 12 hours before sex events and compared the odds of condom
nonuse if substance use had vs. had not occurred (Figure 1b). Each model controlled for age,
gender, pregnancy, whether the sex event occurred on a weekend, sex event time of day, and
if sex was with a non-main partner.

Results
Descriptive statistics

Participants were severely depressed (median BDI-II score, 30), mostly female (85%) and
black (39%) or Hispanic (28%), with a median age of 18. They reported coitarche at a
median age of 15, a median of 4 partners in their lifetime, and a median of 3 sex events in
the previous week. Nearly one-half (44%) reported multiple partners in the past 3 months,
41% had been treated for an STI, and 67% had used substances before sex. Two male
participants had pregnant partners.

Participants reported 307 unique sex events (1–17 events/participant; median, 3.3 events/
week/participant). One-half (51%) reported not using a condom with some sex events, 28%
did not use a condom with any events, and 21% reported using a condom with each sex.
One-third (33%) had sex with a non-main partner at least once. Participants reported 391
unique substance use events; 92% used alcohol (1–17 alcohol events/participant) and 79%
used marijuana (1–25 marijuana events/participant).

Participants completed reports on 572 days (96% of days enrolled, on average); 39% of days
contained at least one sex event, 38% of which included at least one episode without a
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condom. Forty-two percent of days contained a report of substance use (22% with alcohol,
27% with marijuana). On 108 days (19%), participants reported both having sex and using
substances. Sex, alcohol use, and marijuana use were disproportionately reported on
weekend days (33%, 40%, and 34% of events, respectively).

Participants made 2,450 momentary reports. Of the 307 sex events, 59% were unprotected
and 17% were with a non-main partner. Of the 391 substance use events, 47% involved
alcohol and 63% involved marijuana; 9% included both substances.

Substance use and sex
Daily level—Sex occurred on 45% of days with and 35% of days without substance use
(Table 1). In the unadjusted daily-level model, substance use was associated with increased
odds of sex on the same day (odds ratio [OR] = 1.44, p = 0.049; Table 2). After controlling
for age, gender, pregnancy, and weekend day, this association was no longer significant. The
estimate for substance use changed by < 10% when the individual-level covariates were
added (β= 0.3677 to β = 0.3431), then by nearly 23% when weekend day was added (to β =
0.2652), suggesting a confounding effect. Similarly, same-day alcohol use was significantly
associated with sex in the unadjusted model (OR = 1.50, p = 0.04), but not once the co-
variates were included.

Event level—With increasing block duration, sex was more likely following substance use
(unadjusted percentages: 8% of 2-hour blocks, 18% of 6-hour blocks, and 30% of 12-hour
blocks; Table 1). However, for the same block duration, the proportion of blocks during
which sex occurred was consistently lower following substance use than at other times (32%
– 45%). Similar patterns were seen for alcohol and marijuana.

In adjusted event-level analyses, depressed youth were less likely to have sex within 2 hours
following substance use, compared to other times (Table 2; adjusted OR [AOR] = 0.44, p =
0.048). Sex was not more or less likely to occur in the 6 or 12 hours following substance
use. While none of the adjusted alcohol models was significant, the adjusted odds of sex
within 12 hours after marijuana use were more than 5 times the odds of sex at other times (p
= 0.006). None of the models exploring interactions with weekend was significant (all ps >
0.28).

Substance use and condom nonuse
Daily level—Condom nonuse was reported on 44% of sex days with and 32% of sex days
without substance use (Table 3). Daily-level GEE models showed that participants were not
more likely to report condom nonuse on days with vs. without substance use (Table 4).
Similarly, condom nonuse was not associated with either alcohol or marijuana use on the
same day. Interactions with weekend day and partner type were not significant (all ps >
0.13).

Event level—Approximately one-half (45%–52%) of sex events preceded by substance
use were unprotected, whereas almost two-thirds (63%–64%) of sex events without
antecedent substance use were unprotected (unadjusted percentages; Table 3). None of the
main-effects models showed an association between substance use before sex and condom
nonuse (Table 4). However, the interaction between substance use within 6 hours before sex
and weekend was significant. On weekdays, the odds of not using a condom when
substances were used within the previous 6 hours were 0.45 times the odds when substances
were not used (p = 0.037); there was no difference in condom nonuse according to substance
use on the weekend (AOR = 1.29, p = 0.45). Interactions between substance use and partner
type were not significant (all ps > 0.10).
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Discussion
This study supports the view that in depressed young people substance use is linked to
sexual behavior in a contextually-dependent manner, but not owing to a causal relationship.
Sex and substance use were likely to co-occur within a day, but the association was no
longer significant after accounting for weekend. As in previous research with adolescents
[18, 34, 35], study youth were more likely both to have sex and to use substances on the
weekend, when out of school or work and engaged in leisure activities.

When we considered timing of sex in relation to substance use, sex was less, not more likely
to occur within 2 hours of substance use, contrary to intoxication-based theories [4, 36].
Study youth were in predominantly main partnerships and may have preferentially had sex
when not intoxicated. Additionally, depressed individuals may use substances following
certain affective states (e.g., high positive and/or negative affect [37]) and have sex after
others (e.g., low positive affect [38]).

In other research [6], high-risk young couples with at least one depressed member were
more likely than nondepressed couples to report using alcohol or marijuana before sex when
recalling their behaviors over 60 days. Studies that compare behaviors between people may
detect differences in individual characteristics (e.g., psychological symptoms or
dispositional make-up), whereas studies that compare behaviors between situations, within
participants, may detect differences in environment, relationships, and intoxication that can
better inform theories about causality [8]. Future research into psychological and social
contexts of substance use (e.g., using when more vs. less depressed, using alone vs. with an
intimate partner vs. with others) would aid in understanding the associations with sexual
behavior, as will more research on the partners [6].

In contrast to the findings for the 2-hour window, sex was more likely within 12 hours after
marijuana use. The association strengthened once time of day and weekend were included,
supporting to the concept of behavioral patterns being embedded in a socioenvironmental
context. This may be especially true for marijuana, which is used across a wider range of
times and situations than alcohol [35]. It is less plausible that intoxication from marijuana
directly increases the likelihood of sex within 12 hours of use; serum concentrations of
cannabinoids decrease substantially by 6 hours after smoking marijuana [39]. Participants
may have used marijuana over several hours, but varied in how they reported event time,
limiting precision of the time window. We did not examine amount used or self-perceived
intoxication, which may influence sexual decision-making and behavior [15].

Consistent with most previous diary and event-level research [10, 19, 21], in general we did
not observe an association between substance use and condom nonuse either on the same
day or when the events were temporally ordered. However, depressed youth were less likely
to have unprotected sex if they had used substances within the past 6 hours on a weekday.
There may be differences in nature of substance use and/or sex (independent of partner type,
which was in the models) according to when in the week the behaviors occur. Depressed
youth may use less substance during the week vs. the weekend, impairing less their ability to
engage in protected sex. Depending on the day of the week, they may use substances for
different reasons, in different social settings, and with different people in ways that can
influence the likelihood of not using a condom. Similarly, after using substances, they may
have sex under different conditions on weekdays vs. weekend (e.g., weekday sex may be
more likely at home where condoms are more readily available). On the weekend, positive
mood is higher [18], which has been associated with condom nonuse following alcohol use
[14].
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We did not find evidence for a relationship between substance use and condom nonuse with
a casual or new partner, in contrast to some event-level studies [12, 20]. In our sample,
relatively few sex events occurred outside of a main partnership, so we may have not had the
power to detect small or medium effects. Further, the small sample (especially of males) did
not permit examination of potential differences by gender [6] or other individual-level
characteristics. Additionally, the findings may be influenced by selection bias.

This study improved on previous event-level research by locating substance use and sexual
events in time and analyzing links between events over varying time intervals to better
assess the plausibility of intoxication hypotheses. Future research should determine dose and
duration of substance use. This study also evaluated alcohol and marijuana events
separately, consistent with research indicating substance-related differences in the temporal
and social context of use [35]. Using computer-based reporting, collecting data in near-real
time, and assessing substance use and sexual events independently minimized recall and
responding biases [26, 27, 40]. As with most behavioral research, this study was limited by
the validity and reliability of self-report. Additionally, the findings for heterosexually active
youth may not generalize to those in same-sex partnerships.

Disentangling the causal, co-varying, and sequential relationships between substance use
and sexual behavior in depressed youth has implications for interventions to reduce risk in
this already-vulnerable population. Our research suggests that it is important to acknowledge
differential patterns of risk according to contextual factors and help these young people to
consider event-specific conditions in developing individualized strategies for reducing risk.
Messages that focus solely on reducing unsafe sex as a result of intoxication will fail to
recognize how the likelihood of sex and condom use may be higher or lower after using
substances, depending on whether use occurs on the weekend and what substance is used.
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Figure 1.
Structure of analyses for event-level associations between substance use and sex (A) and
between substance use and condom nonuse (B) across 2-, 6-, and 12-hour time intervals.
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