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Abstract Men who have sex with men (MSM) are a high-
risk population for HIV infection and this risk is increased
for those who consume alcohol. Condomless anal inter-
course (CAl) is the central transmission risk factor for this
population. This study examined whether individual dif-
ferences in working memory moderated the association
between intentions to use condoms and the frequency of
CAI among MSM who engaged in anal intercourse over a
subsequent 6-week period. Moderate- and heavy-drinking
MSM (n = 207) completed questionnaires regarding alco-
hol use and condom use intentions and an operation span
task to assess working memory at baseline. Participants
then completed 6 weeks of morning surveys via a mobile
phone app to assess anal intercourse frequency with and
without condoms. Negative binomial regression analyses
showed that the association between intentions to use
condoms and episodes of CAI during the monitoring period
was moderated by working memory such that intentions
predicted CAI for those high in working memory but not
those low in working memory. These results support the
view that self-reported intentions may be less-likely to
translate into health behaviors among those with poorer
executive functioning skills.
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Introduction

Men who have sex with men (MSM) are at increased risk
for contracting HIV, with CAI being a primary transmis-
sion route for infection (Koblin et al., 2006; McFarland
et al., 2012). Efforts to develop approaches to reduce this
risk behavior have sought to understand the processes
through which individual difference and contextual vari-
ables may influence CAI in this population (Cooper, 2010;
Maisto & Simons, 2016). Investigators have adapted the-
ories of health behavior to provide insight into the pro-
cesses through which decisions to use condoms may occur
in order to identify potential targets for change (Fisher
et al., 2002). Despite the value of these theories, there is
growing evidence to show that the predictive value of
intentions for health behavior may vary with individual
differences in self-regulatory abilities (Sheeran & Webb,
2016). The purpose of this study was to examine whether
working memory moderates the association between
intentions to use condoms and the frequency of CAI in a
sample of MSM.

Intentions are central to a number of behavior change
theories that have been applied to condom-related behav-
ior. For example, the theory of planned behavior (Ajzen &
Madden, 1986) and the information-motivation-behavioral
skills (IMB) model of behavior change (Fisher & Fisher,
2002), hold that successful condom use is influenced by the
strength of intentions to engage in that behavior. These and
other theories have emphasized the value of targeting and
measuring changes in intentions related to condom use
behavior and have utilized such changes as proximal
indicators of intervention efficacy (Fisher et al., 2002).
Similarly, researchers who have sought to experimentally
examine the causal effects of contextual risk factors, such


http://orcid.org/0000-0002-0725-9459
http://crossmark.crossref.org/dialog/?doi=10.1007/s10865-019-00090-9&amp;domain=pdf
https://doi.org/10.1007/s10865-019-00090-9

J Behav Med (2020) 43:666-671

667

as alcohol, on CAl-related decision making in the lab have
frequently used intentions as a key outcome (Maisto et al.,
2012; Shuper et al., 2017; Wray et al., 2019).

Although intentions have been shown to predict a variety of
health behaviors, including condom use/safer sex (McEachan
etal.,, 2011; Montanaro & Bryan, 2014), they typically explain a
relatively small percentage of the variance in behavioral out-
comes (Sheeran & Webb, 2016). Among MSM, for example,
intentions may account for as low as 10-15% of the variance in
predicting condom use behavior (Andrew et al., 2016). More-
over, while meta-analyses have shown that HIV-prevention
interventions appear to regularly produce changes in intentions,
they have been considerably less efficacious in changing actual
behavior (Albarracin et al., 2006; Andrew et al., 2016). This
discrepancy may be associated with the relative importance of
other elements outlined in health behavior models (e.g.,
behavioral skills) for producing behavior change (Fisher et al.,
2002), as well as other unmeasured variables that may influence
whether intentions are translated into behavior (Gollwitzer &
Sheeran, 2006; Sheeran & Webb, 2016).

Recent research has focused on enhancing our understand-
ing of this “gap” between intentions and behavior by identi-
fying potential moderators of the intentions-behavior
relationship (Gollwitzer & Sheeran, 2006; Sheeran & Webb,
2016). The likelihood that an individual will behave in a
manner consistent with his or her intentions is impacted by a
variety of individual difference factors. Executive functioning
skills in particular impact the association between intentions
and behavior in that they allow individuals to avoid, discern and
overcome distractions and temptations that conflict with goals
(Allan et al., 2011; Hofmann et al., 2012; Sheeran & Webb,
2016). Successful behavior change requires the ability to rep-
resent a behavioral goal standard (e.g., more frequent condom
use), identify and monitor discrepancies between the goal and
one’s present behavior, and regulate affect and behavior in
order to reach the goal. Being able to do so depends on the
strength of executive functions (Hofmann et al., 2012).

One component of executive functioning—working mem-
ory—is specifically associated with the ability to maintain
representation of goals and goal-relevant information in
memory while directing attention toward goal-relevant infor-
mation and away from distractors. These abilities are essential
for successful self-regulation efforts (Hofmann et al., 2012),
including translating behavioral goals into action (Hofmann
et al.,, 2012). In fact, working memory has been shown to
moderate explicit goal-directed cognitions for a variety of
health behaviors, including alcohol use and sexual behavior
(Hofmann et al., 2008). Previous work suggests that individuals
higher in working memory may be more successful at trans-
lating intentions into behavior (Hofmann et al., 2008) and be
less susceptible to competing automatic cognitive processes
that are incongruent with goals (Barrett et al., 2004). Although
previous work has shown that stronger condom use intentions

are associated with reduced incidence of CAI among MSM
(Teng & Mak, 2011; Montanaro & Bryan, 2014; Andrew et al.,
2016), no study has yet examined the role of working memory
in this association. Identification of individual difference fac-
tors that may impact this association would expand our
understanding of intervention mechanisms, suggest ways in
which they may be improved, and help determine the indi-
viduals for whom they may be most effective.

The current study sought to investigate whether the
association between condom use intentions and CAI is
moderated by working memory capacity. Based on previ-
ous research that has shown an association between greater
working memory and more adaptive behavioral outcomes,
it was hypothesized that individuals with more working
memory would exhibit a stronger negative association
between condom use intentions and frequency of CAL

Methods
Participants

Two hundred and seven moderate to heavy-drinking MSM
were recruited for this study though social media and posted
flyers. Eligible participants were between the ages of 21 and
50, and were currently single or in a non-monogamous rela-
tionship. Of this sample, 157 were included in the analysis for
this paper as they met the additional eligibility study criterion
of having completed the 6-week monitoring period, reporting
at least one episode of anal intercourse during that period, and
providing data within measurement ranges.'

Measures

Drinking status (i.e., moderate or heavy) was assessed by the
QFV Index, which measures the typical quantity and frequency
of beer, wine, and hard liquor consumption during the past
month (Cahalan et al., 1969). The computerized operation span
task (OSPAN; Turner & Engle, 1989) was used to assess
working memory capacity. The task requires participants to
memorize strings of letters of varying lengths while also
solving math problems. The OSPAN score was derived from
the total number of letters correctly recalled across sets. The
question “Do you intend to use a condom each time that you
have sex?”, along with a 5-point Likert scale (“No” to “Def-
initely”) was used as measure of condom use intentions at
baseline. Finally, frequency of anal intercourse and CAI
specifically was measured daily during a 6-week experience
sampling method (ESM) period with app-based morning sur-

! Three participants had morning survey scores that exceeded the
maximum range (due to data or procedural irregularities) and were
therefore not included in analyses.
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veys. ESM is an assessment strategy that involves surveying
participants on things such as behaviors, feelings, and envi-
ronment in real time over a set period of time. The 6-week
period was broken into two separate “bursts” of 3 weeks each
that were separated by a 3-week break. During each burst,
participants were presented with up to 23 morning surveys for a
maximum number of 46 for the study. Participants were
compensated at the end of each burst period based on the
number of surveys completed. Frequency of days of anal
intercourse and frequency of days of CAI were assessed based
on data from the morning surveys.

Procedure

Participants were recruited through advertisements on
social media platforms (i.e., Grindr, Scruff, Craigslist) and
flyers posted at local community health centers and bars
that cater to an LGBT clientele. Prospective participants
were screened by phone to assess eligibility before being
enrolled into the study. Because this study also included an
alcohol administration component (discussed elsewhere)
additional exclusions criteria were employed including:
history of alcohol treatment during the past 3 years, any
lifetime history of treatment for bipolar disorder or
schizophrenia, any substance use disorder or mental health
treatment in the past 3 months, medical conditions that
contraindicate alcohol use (including HIV), and use of
medication or supplements that interact negatively with
alcohol. Because the intention question referred to inten-
tions to use condoms during sex, only participants who
completed the 6-week ESM period and reported one or
more instances of sexual intercourse with a man over that
period were included in the analyses for this study.

Analyses

A negative binomial regression analysis was used to determine
whether working memory moderated the association between
condom use intentions and frequency of CAI. Analyses con-
trolled for number of days on which anal intercourse questions
were completed (which served as the offset variable) and total
intercourse days with male partners. The interaction was pro-
bed at = 1 SD from the mean working memory score to
examine this association at different levels of working memory.

Results

The sample was predominantly White (65%) and highly
educated (92% with some college education). See Table 1 for
baseline characteristics of the sample. Regarding ESM com-
pletion rates, the mean number of ESM days completed was
45.45 of apossible 46 survey days (SD =2.33), mean morning
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Table 1 Baseline characteristics (n = 157)

Variable (%)
Race/ethnicity White 65.0
Black 11.5
Asian 8.9
Native American or Alaskan 1.3
native
Other 7.0
Mixed 4.5
Hispanic 16.6
Highest level of education* High school 8.1
Some college 56.8
Post-bachelors 35.1
Drinking status (QFV) Moderate 12.7
Heavy 86.6
M S.D.
Age 27.88 6.67
Working memory (total correct 19.01 5.04
letters)
Intent 2.49 1.40

*These data are based on a subset of the sample (n = 74) for which
level of education information was obtained

survey completion percentage was 91.04 (SD = 11.34), and
mean intercourse days with male partners was 5.31 (SD =
5.37). Finally mean CAI days with male partners was 3.60
(SD = 4.64). Partial correlations, controlling for number of
assessments completed, showed that intentions to use con-
doms was negatively associated with frequency of CAl for the
sample as a whole (pr = — 0.25, P < 0.01), while working
memory was not (pr = 0.02, P = n.s.)

See Table 2 for the results of the negative binomial
regression. The negative binomial regression analysis
revealed a significant interaction between condom use
intentions and working memory in predicting frequency of
CAI over the 6-week ESM monitoring period (alRR =

0.982; 95% CI: 0.966, 0.999, P < 0.05), adjusting for

frequency of intercourse days and diary reports. A simple
slopes analysis (probed at £ 1 SD of working memory)
revealed that condom use intentions predicted number of
condomless sex episodes for those high in working mem-
ory (b =— 1.626, P <0.01), but not for those low in
working memory (b = —0.511 P = 0.216). (See Fig. 1.)

Discussion
The results of this study suggest that the association between

the strength of intentions to use condoms and CAI may
depend on working memory capacity among moderate- and
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Table 2 Negative binomial regression results

Variable

Model 1 Model 2 Model 3 Model 4
IRR 95% CI for P IRR  95% CI for P IRR 95% CI for P IRR 95% CI for P
IRR IRR IRR IRR

Intercourse days
Intent
Working memory

Intent X working
memory

1.176 1.144,1.211 <.001 1.164 1.134,1.196 < .001 1.164 1.134,1.196 <.001 1.160 1.131, 1.191 < .001
0.848 0.773, 0.931

<.001 0.848 0.773,0.931 < .001 1.189 0.860, 1.649 0.329
1.005 0.979,1.032 0.701 1.059 1.003, 1.120 0.052
0.982 0.966, 0.999 0.045

As described in the text, an offset variable was used in all four models to account for differences in the number of completed morning surveys

received from each participant

w

Working Memory

Instances of Condomless Anal Intercourse (CAl)

1 2 3 4

o

Intentions to Use Condoms

Fig. 1 Simple slopes analysis of impact of working memory capacity
on the relationship between condom-use intentions and instances of
CAI

heavy-drinking MSM. For individuals with greater working
memory capacity, intentions were significant predictors of
subsequent behavior. On the other hand, individuals with
lower levels of working memory exhibited no significant
association between intentions and rates of CAL

The results of this study are consistent with research that
has shown working memory to be a moderator of explicit
goal-directed processes and subsequent behavior (Hofmann
et al., 2008; Hofmann et al., 2008). Behavioral intentions
can be seen as a reflection of an individual’s behavioral
goals, therefore this study is consistent with past research
showing the process of translating such goals into behavior
is at least partially moderated by individual differences in
working memory (and other executive functions associated
with self-regulation; Hofmann et al., 2012).

These findings also suggest that, for individuals with
lower working memory capacity, intentions related to
condom use behavior may be less likely to guide behavior.
It should be noted that stronger working memory does not
lead to increased condom use but rather increases the
likelihood that individuals act on their intentions. Situa-
tional factors that impair working memory capacity, such
as alcohol consumption, may also interact with working
memory capacity to interfere with goal-directed behavior
(Hogarth et al., 2012; Finn et al., 1999). There are a variety
of additional processes through which dispositionally lower
working memory may impact self-regulatory effort such as
those relating to sexual risk behavior. Lower working
memory may decrease the ability to identify response
conflict and consequently reduce the activation of behav-
ioral inhibition systems (Gray, 1982) in highly tempting
contexts (Hirsh et al., 2011). This behavioral disinhibition
effect may be exacerbated under situational conditions that
further impact working memory such as alcohol intoxica-
tion (Finn et al., 1999) leading to heightened risk behavior.

Results suggest that future efforts to increase condom
use among MSM may benefit from consideration of indi-
vidual differences in working memory capacities. In
addition to efforts to modify behavioral intentions, those
with lower levels of executive functioning abilities may
benefit from interventions designed to increase their
executive functioning (Klingberg, 2010). This approach
has been shown to be helpful in intervention efforts tar-
geting behavior change and self-regulation (Bickel et al.,
2011; Houben et al., 2016; Houben et al., 2011). In addi-
tion, interventions/prevention efforts may benefit from
adjunctive elements that address factors that can interfere
with executive functioning, such as alcohol use (Marteau
et al., 2012).

There are limitations to note with regard to this study.
First, all participants in this sample were recruited from
two urban areas in the northeastern region of the United
States, which may limit the generalizability of these find-
ings to MSM in other areas of the country. Most partici-
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pants were recruited through social media websites/smart
phone applications, which resulted in a sample that over-
represented MSM with access to these online services.
Additional research is needed in order to determine whe-
ther these findings apply to more diverse samples. Another
limitation is the intention variable used in this study. The
gap between the predictive validity of intentions and
behavior may be, in part, due to the qualities of behavioral
intention measures (Webb & Sheeran, 2006; Sheeran &
Webb, 2016). For example, the intention measured in the
current study referred generally to one’s intention to use
condoms and thus does not refer to any specific timeframe
or consider variations on a person’s intention based on
extenuating factors such as partner type. Although we may
not expect the impact of working memory to change based
on such factors, this will be important to consider in future
work.

Overall, these findings show that individuals high in
working memory exhibit a stronger association between
condom use intentions and CAl, such that higher intentions
to use condoms predict greater condom use during sexual
behavior. Given that intentions are often an important
target of behavior change interventions, these findings
suggest that it would be beneficial to address executive
functioning in intervention efforts to reduce risky sexual
behavior among moderate to heavy drinking MSM for
those with low levels of working memory capacity.
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