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Introduction

Although the efficacy of pre-exposure prophy-
laxis (PrEP) as a preventive strategy for HIV 
has been demonstrated in several clinical trials 

(Grant et al., 2010; McCormack et al., 2016; 
Molina et al., 2017), a high level of adherence 
is crucial to its success (Molina et al., 2015, 
2017). One of the psychosocial determinants 
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influencing PrEP adherence is the level of self-
perceived risk of HIV infection (Koenig et al., 
2013). Indeed, higher PrEP adherence has been 
found in several clinical trials in individuals 
perceiving high HIV risk (Koenig et al., 2013). 
This suggests that differences in PrEP efficacy 
observed in trials to date reflect, at least to 
some extent, participants’ risk perception lev-
els. Koenig et al. (2013) also pointed out that 
poor PrEP adherence may result from incorrect 
risk assessment by trial participants. Moreover, 
in the FEM-PrEP trial, which exclusively 
included women, HIV incidence was only 6 per 
cent lower in those provided PrEP (versus 
those not), with 70 per cent of the participants 
having a low self-perceived risk (Corneli et al., 
2014). Furthermore, participants perceiving 
high risk had good adherence to PrEP in that 
study. (Corneli et al., 2014). In the context of 
on-demand (i.e. based on sexual activity) PrEP, 
one study showed that participants who per-
ceived high risk were more likely to adhere to 
PrEP (Sagaon-Teyssier et al., 2018).

All these results are in line with health 
behavioural models which consider risk percep-
tion to be one of the main determinants of health 
behaviours (Ajzen, 1991; Catania et al., 1994; 
Janz and Becker, 1984; Paicheler, 1997; Rogers, 
1983). However, the relationship between HIV 
risk perception and sexual behaviour is com-
plex. Perceived high risk does not always pre-
dict safe sexual behaviours (Akwara et al., 
2003). This complex association has been high-
lighted in several studies, especially concerning 
the relationship between condom use and risk 
perception. Condomless sex has been reported 
in HIV-positive men who have sex with men 
(MSM) and in HIV-negative heterosexual men 
with a perceived low risk of HIV transmission 
(Brooks et al., 2009; Kalichman et al., 2016). 
However, in a study by Woodward et al. (2014), 
perceived high risk was not associated with 
safer sexual behaviours in male or female refu-
gees, irrespective of HIV serostatus. This coun-
ter-intuitive effect of risk perception on sexual 
behaviours highlights the complexity of this 
link and suggests the importance of taking into 
account study context and conditions.

Risk perception is often considered a purely 
individual process, whereby interactions with 
and the influence of other people (i.e. sharing 
emotions, beliefs, knowledge, actions and 
norms) are not considered (Paicheler, 1997). 
HIV risk perception should be studied as a pro-
cess where interactions with sexual partners 
and the social context surrounding the sexual 
encounter play a crucial role. From the meth-
odological point of view, risk perception is 
often studied using cross-sectional data. Little 
is known about its evolution, especially in rela-
tion to health-related behaviours (Ogden, 2011).

In France, both daily and on-demand PrEP 
protocols are currently available in real-world 
situations. The latter comprises the protocol 
used in the ANRS-IPERGAY trial which ended 
in 2016 (Haute Autorité de Santé, 2017). In that 
trial, on-demand PrEP was based on sexual 
activity. The treatment schedule involved tak-
ing PrEP before and after risky sex. Anticipating 
sexual risk is crucial in this context, and risk 
perception may constitute a key element for 
PrEP adherence.

One longitudinal study from the ANRS-
IPERGAY trial pointed out the positive asso-
ciation between risk perception and PrEP 
adherence in the on-demand context (Sagaon-
Teyssier et al., 2018). However, risk perception 
was used only as an explanatory variable and 
was not explored over time. The present analy-
sis aimed to investigate whether different HIV 
risk perception trajectories exist and their pos-
sible relationship to PrEP adherence and con-
dom use. This study used self-reported data 
from the open-label extension (OLE) phase of 
the ANRS-IPERGAY trial, which offered a 
more realistic setting than the trial’s initial dou-
ble-blind phase to study behavioural aspects 
related to risk.

Methods

Design of the ANRS-IPERGAY trial

The ANRS-IPERGAY trial, conducted in France 
and Canada, provided sexual activity–based 
antiretroviral prophylaxis for HIV prevention to 
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high-risk MSM (Molina et al., 2015). The trial 
included HIV-negative males or transgender 
women who had sex with men, were aged 
⩾18 years and were at high risk of HIV acquisi-
tion. High risk was defined as reporting con-
domless anal sex with at least two different 
partners during the previous 6 months. During 
follow-up visits (every 2 months), participants 
benefitted from individual, tailored risk-reduc-
tion counselling by community-based coaches. 
They were also provided with condoms and 
lubricants and were tested for HIV and other 
sexually transmitted infections (STIs) (Molina 
et al., 2015).

The double-blind randomization trial started 
in February 2012, and thanks to the drug’s 
effectiveness in terms of HIV incidence reduc-
tion, the placebo arm was discontinued in 
November 2014. The trial then continued as an 
OLE study until June 2016 (Molina et al., 
2017). Public health authorities and ethics com-
mittees in France (Comité de Protection des 
Personnes, Paris, Ile de France IV) and Canada 
(Comité d’éthique de la recherche, Montreal, 
QC) approved the amendment to the initial pro-
tocol in order to implement the OLE phase.

The on-demand PrEP treatment schedule 
was as follows: two pills 2–24 hours before sex, 
followed by a third and fourth pill 24 and 
48 hours after the first dose. For participants 
with multiple consecutive sexual intercourses, 
the schedule was one pill per day for each day 
sexual intercourse occurred and one pill 24 and 
48 hours after the most recent intercourse 
(Molina et al., 2015).

Participants and questionnaires

The present analyses were performed on 361 
participants in the OLE phase, accounting for 
5277 analysable questionnaires.

During follow-up, from M0 to M18 of the 
OLE phase, participants completed an online 
questionnaire every 2 months. The question-
naire covered sociodemographic characteris-
tics, alcohol and recreational drugs use, sexual 
behaviours, HIV risk perception, condom use 
and PrEP adherence during their most recent 
sexual intercourse.

Outcomes

The present analyses were performed using 
three outcomes: (1) Risk perception of HIV 
infection was self-assessed by participants 
using a scale from 1 to 10, that is, from low- to 
high-risk perception; (2) Self-reported PrEP 
adherence was classified into two categories: 
correct PrEP use (i.e. at least one pill taken 
within 24 hours before sex and one pill taken 
within 24 hours after sex) and suboptimal PrEP 
use (any other use) versus no use (no pills taken 
within 48 hours before or after sex); and (3) 
condom use was classified in two categories: 
condom use versus no condom use.

The three outcomes were measured with 
regard to the most recent sexual intercourse 
and computed for each point-time during 
follow-up.

Statistical analysis

First, group-based trajectory modelling with 
censored normal specification was imple-
mented to identify different trajectories con-
cerning HIV risk perception levels. The same 
model was then used again, but this time with 
logistic specification, to identify trajectories of 
PrEP adherence and condom use. All models 
were implemented for the whole follow-up of 
the OLE phase (Jones et al., 2001). Group-
based trajectory modelling identifies similar 
behavioural patterns among individuals to 
determine distinctive trajectories and to char-
acterize individuals within each trajectory 
(Jones and Nagin, 2007). One of its main 
advantages is that it can be used even with 
missing values (Nagin and Odgers, 2010a). In 
our study, participants could be included, pro-
vided they completed questionnaires for at 
least two time-points over the follow-up (Jones 
et al., 2001). The optimal number of trajecto-
ries determined by the model was identified 
using the Bayesian Information Criterion 
(BIC). The factors associated with the proba-
bility of membership of each trajectory esti-
mated through the specification of the fixed 
explanatory variables (Jones and Nagin, 2007; 
Nagin and Tremblay, 2001). In addition, time-
varying factors (the number of sexual partners, 
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location, sexual positioning and recreational 
drug use during the most recent sexual inter-
course) were evaluated to estimate their effects 
on each trajectory evolution over time.

Joint group-based trajectory modelling was 
implemented to separately investigate the links 
between HIV risk perception and both PrEP 
adherence and condom use. (Nagin and Odgers, 
2010a, 2010b; Nagin and Tremblay, 2001).

All statistical analyses were performed using 
SAS software (version 9.4).

Fixed explanatory variables. Sociodemographic 
characteristics and sexual behaviours accord-
ing to HIV risk perception trajectories were 
assessed at baseline of the ANRS-IPERGAY 
trial and included the following: educational 
level (>high school/⩽high school), active 
employment (yes/no), housing comfort (com-
fortable/uncomfortable), main partner (yes/ 
no), quality of environment of life (socially 
deprived/not socially deprived neighbourhood), 
anxiolytic use (yes/no), antidepressant use (yes/
no) and mean number of sexual partners during 
the previous 2 months and sexual intercourses 
during the previous 4 weeks. Furthermore, the 
following variables related to the most recent 
sexual intercourse were assessed at baseline: 
located in a public location (yes/no), recrea-
tional drug use (yes/no), cannabis use (yes/no), 
alcohol use (yes/no) and receptive anal inter-
course (yes/no).

Time-varying explanatory variables. Receptive 
anal intercourse (versus insertive or both) and 
recreational drug consumption (alcohol, canna-
bis and other drugs) were classified into two 
categories: yes/no.

Sexual intercourse location was classified 
into two categories: (1) private locations, 
including one’s home, the partner’s home or 
other private space (e.g. hotel) and (2) public 
locations, including sex clubs, backrooms, 
parks or other public spaces.

All these time-varying variables were meas-
ured for the most recent sexual intercourse at 
each time-point over follow-up.

The number of sexual partners during the 
previous 2 months was also recorded.

Data for all these variables were collected in 
each follow-up questionnaire.

Results

Concerning the main characteristics of the 
361 participants (Table I of the Supplementary 
Material), the median (interquartile range 
(IQR)) age was 37 (30–44) years. At baseline, 
91.3 per cent of participants declared having an 
education level higher than high school and 
83.1 per cent reported they were in active 
employment. Less than half of the respondents 
(41.4%) had a main partner. Recreational drug 
use in the previous 12 months was reported by 
44.1 per cent of the participants. Furthermore, 
26.4 per cent used anxiolytics and 14.8 per 
cent, antidepressants. The median (IQR) num-
ber of sexual intercourses in the previous 
4 weeks was 9.5 (5–15) and the median (IQR) 
number of sexual partners during the previous 
2 months was 7 (3–15).

Trajectories of risk perception

From the group-based trajectory model, three 
distinct trajectories were found for HIV risk 
perception (Figure 1): ‘low-risk perception’ 
(62.3% of the 361 participants) with an esti-
mated mean score of 2.2, ‘medium-risk percep-
tion’ (30.5% of the 361 participants) with an 
estimated mean score of 4.6 and ‘high-risk per-
ception’ (7.2% of the 361 participants) with an 
estimated mean score of 7.5.

The post-estimation characteristics for each 
trajectory of risk perception (Table II of the 
Supplementary Material) showed that no dif-
ference existed between trajectories in terms 
of sociodemographic characteristics. With 
regard to behavioural characteristics, a sig-
nificant difference was observed in terms of 
the number of sexual partners in the previous 
2 months (p = 0.004) and recreational drug use 
during the previous 12 months (p = 0.02). More 
specifically, participants perceiving high risk 
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declared more sexual partners (17.2) than their 
medium-risk counterparts (15.1). In turn, the 
latter declared more partners than those per-
ceiving low risk (9.5). Recreational drug use 
in the previous 12 months was reported more 
frequently by participants perceiving high 
(50%) and medium (54.1%) risk than those 
perceiving low (38.5%) risk. Furthermore, 
those perceiving low risk tended to declare 
having a main partner more often than the 
other two trajectories (45.3% versus 37.9% 
and 23.1% for medium and high risk, respec-
tively; p = 0.06). Further more, those perceiv-
ing high and medium risk tended to use 
recreational drugs more frequently during 
their most recent sexual intercourse than their 
low-risk counterparts (38.5%, 47.3% and 
33.8%, respectively; p = 0.06).

Factors affecting the shapes of the 
risk perception trajectories

Multivariate analysis showed the effect of time-
varying factors on the evolution of risk percep-
tion within each risk perception trajectory 
(Table 1).

The number of sexual partners was posi-
tively associated with HIV risk perception in 
all three trajectories. This effect was stronger 
in those perceiving high risk, with an average 
increase of 0.18 (p < 0.001) per each additional 
sexual partner, compared with 0.01 and 0.04 
(p < 0.001) for those perceiving low and 
medium risk, respectively. Receptive anal sex 
was positively associated with an HIV risk per-
ception level. A stronger association was seen 
in those perceiving high risk (1.55, p < 0.012 
versus 0.32, p < 0.009 and 1.00, p < 0.001 for 
perceived low and medium risk, respectively).

Sexual intercourse in a public location was 
positively associated with an HIV risk percep-
tion level (0.66, p < 0.001 and 1.58, p < 0.032, 
for those perceiving low and high risk, respec-
tively). Alcohol use linked to sex was also posi-
tively associated with risk perception (0.42, 
p < 0.032 for low risk). Recreational drug use 
linked to sex was positively associated with 
higher HIV risk perception in those perceiving 
low and medium risk (0.77, p < 0.001 and 0.99, 
p < 0.001, respectively). However, it was nega-
tively associated with the high-risk trajectory 
(−2.37, p < 0.001).

Table 1. Time-varying factors affecting the pattern of risk perception trajectories (OLE phase of the 
ANRS-IPERGAY trial, n = 351a).

Low-level risk 
perception (64.4%), 
Coeff. (p value)

Medium-level risk 
perception (30.8%), 
Coeff. (p value)

High-level risk 
perception (4.8%), 
Coeff. (p value)

Time-varying covariates
Intercept 1.63 (<0.001) 3.39 (<0.001) 5.20 (<0.001)
Linear 0.03 (0.530)
Number of sexual partners, previous 
2 months

0.01 (<0.001) 0.04 (<0.001) 0,18 (<0.001)

Most recent sexual intercourse
 Receptive anal intercourse (ref. no) 0.32 (0.009) 1.00 (<0.001) 1.55 (0.012)
 Outdoor locations (ref. no) 0.66 (<0.001) 0.46 (0.058) 1.58 (0.032)
 Cannabis use (ref. no) –0.22 (0.284) 0.37 (0.190) –0,22 (0.829)
 Alcohol consumption (ref. no) 0.42 (0.032) –0,06 (0.845) 0,25 (0.714)
 Other recreational drugs (ref. no)b 0.77 (<0.001) 0,99 (<0.001) –2,37 (<0.001)

 (Continued)
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Group-based trajectories of condom 
use and PrEP adherence

With regard to PrEP adherence, two trajectories 
were identified by the model (Figure I of the 
Supplementary Material): ‘systematically 
adherent to PrEP’ (which included correct and 
suboptimal PrEP use, 69.2%), with a mean 

probability of PrEP adherence of approximately 
0.9, and ‘unsystematically adherent to PrEP’ 
(30.8%), with a probability of PrEP adherence 
between 0.2 and 0.5.

With regard to condom use, two distinct tra-
jectories were identified by the model (Figure II 
of the Supplementary Material): ‘low-level con-
dom use’, with a probability between 0.1 and 

Figure 1. Evolution of risk perception trajectories during the OLE phase of the ANRS-IPERGAY triala (n = 361).
aThe average posterior probability of a participant belonging to one of these trajectories ranged between 0.88 for 
medium-level risk perception and 0.92 for both low- and high-level risk perception.

Low-level risk 
perception (64.4%), 
Coeff. (p value)

Medium-level risk 
perception (30.8%), 
Coeff. (p value)

High-level risk 
perception (4.8%), 
Coeff. (p value)

 OR 95% CI (IQR) OR 95% CI (IQR)

Factors affecting the probability of group membership
Constant 1.16 (0.28–4.77) 0.08 (0.01–1.19)
Age Ref. 0.99 (0.96–1.01) 1.01 (0.96–1.07)
Educational level higher than high 
school (ref. no)

Ref. 0.62 (0.24–1.60) 0.55 (0.10–3.01)

Anxiolytics (ref. no) Ref. 2.03 (1.12–3.68)* 2.44 (0.79–7.61)
 BIC = −6208.37 (N = 2724) BIC = −6175.88 (N = 335) AIC = −6116.76

OLE: open-label extension; OR: odds ratio; CI: confidence interval; IQR: interquartile range; BIC: Bayesian Information 
Criterion; AIC : Akaike Information Criterion.
aTen missing values.
bEcstasy, cocaine, poppers, GHB/GBL, ketamine, Viagra.
*p < 0.05.

Table 1. (Continued).
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0.2, and ‘high-level condom use’, with a proba-
bility between 0.4 and 0.6. They covered 60.9 
and 39.1 per cent of participants, respectively.

Relationship between risk perception 
trajectories and PrEP adherence and 
condom use trajectories

Joint group-based trajectory modelling enabled 
us to estimate the proportions of each PrEP 
adherence and condom use trajectory according 
to each risk perception trajectory. Figure 2 
shows that 61, 76 and 100 per cent of partici-
pants perceiving low, medium and high risk, 
respectively, belonged to the ‘systematically 
adherent to PrEP’ trajectory.

With regard to the two condom use trajecto-
ries, 51 and 43 per cent of participants perceiv-
ing low and medium risk, respectively, belonged 
to the ‘high-level condom use’ trajectory. In 
contrast, 100 per cent of participants perceiving 
high risk belonged to the ‘low-level condom 
use’ trajectory (Figure 2).

Therefore, unlike PrEP, condom use 
decreased with increasing risk perception. The 
group-based trajectory model highlighted that 
among the high-risk perception trajectory, not 
using condoms was compensated for by sys-
tematic adherence to PrEP.

Discussion

Our results showed three different risk per-
ception trajectories among MSM with risky 
sexual behaviours participating in the OLE 
phase of the ANRS-IPERGAY trial. A large 
majority of participants perceived a low level 
of HIV risk. One possible explanation for 
this is that this study was conducted during 
the OLE phase, after the publication of the 
efficacy of the on-demand PrEP protocol 
(Molina et al., 2015). This efficacy, in addi-
tion to the condoms provided during follow-
up visits, may have reassured participants 
about the risk of HIV infection (Storholm 
et al., 2017).

Figure 2. Proportions of condom use and PrEP adherence according to risk perception trajectories 
during the OLE phase of the ANRS-IPERGAY trial (n = 361).
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Our results also showed that risk perception 
is more strongly associated with behavioural 
and psychosocial characteristics than with soci-
odemographic characteristics. In certain trajec-
tories, the number of sexual partners, type of 
location for sexual intercourse, receptive sexual 
positioning, consumption of alcohol and recrea-
tional drug use all affected the level of risk per-
ception over time. More specifically, within 
each risk perception trajectories, participants 
reporting receptive anal sex and those having a 
high number of sexual partners perceived a 
higher level of HIV risk. Furthermore, within 
the low perceived risk trajectory, alcohol con-
sumption linked to sex was associated with 
increased risk perception. Sexual intercourse in 
private locations was perceived to be less risky 
than in public locations for participants in the 
low and high perceived risk trajectories. This 
hypothesis is consistent with that of a previous 
study, which showed that individual prevention 
strategies are influenced by the sociocultural 
factors associated with the sexual encounters 
(Apostolidis, 2000).

Given the level of risk perception was asso-
ciated with the level of PrEP adherence in our 
study, this might have led to decreased PrEP 
adherence in these participants.

Recreational drug use linked to sex had con-
trasting associations with HIV risk perception. 
Those using recreational drugs in the low and 
medium perceived risk trajectories had a higher 
perceived risk, while this risk was lower in those 
belonging to the high perceived risk trajectory. 
For the latter, one possible explanation is that 
recreational drug use may reflect a coping strat-
egy (Semple et al., 2004). More specifically, 
recreational drug may be a tool for reducing 
stress during sexual encounters (Semple et al., 
2004).

Risk perception was strongly associated 
with PrEP adherence, with participants from the 
high-risk perception trajectory being 100 per 
cent adherent. On the contrary, condom use 
decreased with increased risk perception. MSM 
perceiving a high risk of HIV infection seemed 
to prefer PrEP to condoms. This result echoes 
findings in the literature concerning the link 

between HIV risk perception and condom use 
(Bryan et al., 1996; Gerrard et al., 1996).

The theories of reasoned action and planned 
behaviour might partly explain our results 
(Albarracín et al., 2001). More specifically, 
Albarracín et al. pointed out that factors other 
than risk perception can predict condom use. 
Indeed, they found that condom use is influ-
enced by intention to use, attitudes and subjec-
tive norms towards condoms and to a lesser 
degree by associated perceived behavioural con-
trol. The latter two elements are particularly 
important because condom use involves the 
agreement of one’s sexual partner. Moreover, 
attitudes and intentions regarding condom use 
might be negatively impacted if a loss of pleas-
ure is anticipated (Calabrese et al., 2012; Crosby 
et al., 2005; Golub et al., 2012; Greene et al., 
2014; Sanders et al., 2012). That can lead to 
unsystematic condom use.

Few data exist in the literature concerning the 
determinants of PrEP adherence. Some barriers, 
such as the cost of PrEP (Auerbach et al., 2015; 
Eisingerich et al., 2012; Holt et al., 2013; 
Wheelock et al., 2013), distrust in the medical 
system (Auerbach et al., 2015) and stigma 
(Auerbach et al., 2015; Eisingerich et al., 2012), 
have been identified. In the ANRS-IPERGAY 
trial, participants had free access to PrEP and 
consulted physicians who volunteered to partici-
pate. Moreover, participants were recruited by a 
national community-based non-governmental 
organization (AIDES). This context may have 
decreased some of the barriers associated with 
PrEP adherence. Unlike condom use, PrEP 
adherence does not involve the partner’s agree-
ment. For the MSM who perceive a loss of 
pleasure with condoms, PrEP may improve 
sexual health through increased sexual pleasure 
(Underhill, 2015).

Furthermore, a meta-analysis of the effects 
of risk appraisal – including dimensions such as 
risk perception, anticipatory emotions (e.g. fear 
and worry), anticipated emotions (e.g. regret 
and guilt) and perceived severity – on intention 
and behavioural changes showed the complex-
ity of risk assessment (Sheeran et al., 2014). 
Specifically, this meta-analysis indicated that 
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the impact of risk appraisal on behaviour and 
intention was greater when these various dimen-
sions were taken into account.

Our study has limitations. First, the data 
were collected within the context of a clinical 
trial with a strict follow-up, involving highly 
motivated participants at very high risk of HIV 
acquisition. As a result, we cannot generalize 
our findings. Second, we did not use qualita-
tive data, which could have helped to explain 
in greater detail why and how certain factors 
influenced HIV risk perception. As a conse-
quence, our interpretations were based on 
hypotheses that need to be confirmed. Third, 
the relationship between risk perception and 
sexual behaviour was studied in one direction 
only (i.e. how risk perception impacted behav-
iours), whereas these behaviours may also 
impact risk perception (Huebner et al., 2011). 
Fourth, we were not able to study the different 
dimensions of risk perception described by 
Sheeran et al. (2014). Studying these dimen-
sions may have provided us with more precise 
results.

Despite these limitations, our study high-
lights that PrEP helps achieve both the goals of 
HIV prevention and sexual pleasure. This could 
explain the greater adhesion to PrEP by the 
study’s participants. Risk perception was posi-
tively related to PrEP adherence, which under-
lines the need for interventions to improve the 
evaluation of risk perception. However, such 
interventions should also focus on HIV risk 
assessment in terms of context, and not only 
sexual practices. Indeed, most counselling inter-
ventions concentrate on risk reduction strategies 
related to high-risk practices (e.g. the number of 
sexual partners and condomless receptive anal 
encounters) (Herbst et al., 2005) but few look at 
context. One example is location. In our study, 
perceived sexual risk was lower for encounters 
in private locations. Counselling interventions 
should incorporate this issue.

Overall, counselling interventions should 
serve to deconstruct social representations asso-
ciated with the sexual context and the sexual 
partner (Morin and Apostolidis, 2002; Roberts 
et al., 2005; Sibthorpe, 1992). Counselling 

interventions for context-based perceptions 
could be provided by community-based coun-
sellors as their specific knowledge of the vari-
ous lifestyles of the MSM population means 
they are better equipped to discuss representa-
tions and HIV risk.

Our results also highlight drug consump-
tion–related issues. High-risk perception par-
ticipants who used recreational drugs during 
sex perceived a lower HIV risk. In order to 
reduce HIV-related stress and potentially 
reduce the need to consume, we recommend 
interventions that explain the effectiveness and 
functioning of available prevention methods 
and how to combine them.

Conclusion

This study highlights that HIV risk percep-
tion was more influenced by contextual and 
behavioural factors than by sociodemographic 
characteristics in MSM enrolled in the  
ANRS-IPERGAY trial. Furthermore, a high 
level of perceived risk predicted high PrEP 
adherence but not systematic condom use. To 
improve the ability of MSM to assess risk, 
HIV programmes should provide preventive 
interventions which aim to reduce the risk of 
substance use. These programmes should  
also focus on context-based factors related to 
risk, something which could be tackled in com-
munity-based counselling. Finally, our study 
confirms that MSM consider PrEP to be an 
appropriate preventive tool in the context of 
high-risk HIV infection. Nevertheless, future 
qualitative studies are needed to explore the 
sociocognitive processes underlying the assess-
ment of HIV risk perception in greater detail.

Acknowledgements

We would like to thank all the study’s partici-
pants who dedicated their time to this research, 
for the benefit of their community. We also 
thank the AIDES community advocacy group 
and their community peer counsellors who 
made the study possible, through their availa-
bility and continuous interaction with the 
participants and study staff at study sites and, 



10 Journal of Health Psychology 00(0)

most importantly, between scheduled visits. 
Our thanks also to Jude Sweeney for revising 
and editing English and to Bakridine Mmadi 
Mrenda for his contribution to the statistical 
analyses.
The ANRS-IPERGAY study group: J.-M. 
Molina (coordinator), C. Capitant, B. Spire, G. 
Pialoux, L. Cotte, I. Charreau, C. Tremblay, 
J.-M. Le Gall, E. Cua, A. Pasquet, F. Raffi, C. 
Pintado, C. Chidiac, J. Chas, P. Charbonneau, 
C. Delaugerre, M. Suzan-Monti, B. Loze, J. 
Fonsart, G. Peytavin, A. Cheret, J. Timsit, G. 
Girard, N. Lorente, M. Préau, J.F. Rooney, 
M.A. Wainberg, D. Thompson, W. Rozenbaum, 
V. Doré, L. Marchand, M.-C. Simon, N. Etien, 
J.-P. Aboulker, L. Meyer and J.-F. Delfraissy.
Participating hospitals and investigators: Paris 
St-Louis: C. Pintado, B. Loze, C. Delaugerre, P. 
Charbonneau, C. Gatey, D. Ponscarme, P. Penot, 
L. Niedbalski, R. Veron, J. Delgado, E. Dalle, S. 
Parlier, I. Madelaine, J. Fonsart, M. Danet, N. 
Mahjoub, N. Mezreb, K. Moudachirou, S. Morel, 
G. Conort, F. Lorho, M. Meunier, W. Rozenbaum, 
J.M. Molina; Paris Tenon: J. Chas, C. Monfort, J. 
Foucoin, B. Boissavy, S. Cousseau, S. Huon, M. 
Danet, A. Djessima, V. Berrebi, A. Adda, S. le 
Nagat, L. Zarka, J. Berdougo, G. Pialoux; Lyon: 
C. Chidiac, N. Mzoughi, F. Clement, A. Decouty, 
C. Chapolard, M. Godinot, C. Adouard-
groslafeige, J. Koffi, A. Pansu, A. Becker, S. 
Pailhes, F. Bonnet, F. Jeanblanc, C. Brochier, X. 
Teruin, S. Rouby, L. Gilly, L. Cotte; Montréal: C. 
Beauvais, P. Arlotto, C. Fortin, A. Talbot, A. 
Chamberland, A. McKenzie, M. Blanchette, R; 
Rousseau, K. Montheuth, D. Thompson, M. 
Morin, M. Wainberg, C. Tremblay; Nice: C. 
Etienne, F. Tolonin, S. Breaud, V. Péchenot, S. 
Bagge, T. Cepitelli, PM. Roger, E. Rosenthal, E. 
Cua; Tourcoing: A. Cheret, P. Cornavin, S. 
Vandamme, J. Lambec, N. Dumon, O. Leclanche, 
T. Huleux, R. Biekre, O. Robineau, H. Melliez, 
H. Bazus, A. Pasquet; Nantes: C. Bernaud, M. 
Besnier, B. Bonnet, N. Hall, M. Cavellec, H. 
Hue, L. Larmet, M. Colas, R. Choquet, F. Raffi.

Author contributions

M.D.C. implemented this work under the supervision 
of L.S.-T. and B.S. M.D.C., M.M. and L.S.-T. led the 

analysis. The manuscript was written collaboratively 
between M.D.C., L.S.-T., M.S.-M., C.P. and B.S., 
with input from D.R.C., L.M., M.P. and J.M.M. G.P. 
and C.P. provided ongoing support to design and per-
form data collection throughout the cohort study. All 
authors approved the final manuscript.

Declaration of Conflicting Interests

The author(s) declared the following potential con-
flicts of interest with respect to the research, author-
ship and/or publication of this article: J.M.M. reports 
receiving support as an adviser for Gilead Sciences, 
Merck, Janssen, Bristol–Myers Squibb (BMS) and 
ViiV Healthcare, as well as research grants from 
Gilead Sciences and Merck. B.S. reports receiving 
support as an adviser for Gilead Sciences, Merck, 
Janssen and BMS, as well as research grants from 
Gilead Sciences and Merck. All other authors declare 
no competing interests.

Funding

The author(s) received the following financial sup-
port for the research, authorship and/or publication 
of this article: This work was sponsored by the 
ANRS (France Recherche Nord & Sud Sida-HIV 
Hépatites) and funded by the ANRS, the Canadian 
HIV Trials Network, the Fonds de dotation Pierre 
Bergé pour la Prévention – SIDACTION and the Bill 
and Melinda Gates Foundation. M.D.C. is the recipi-
ent of a doctoral fellowship from ANRS.

ORCID iD

Marion Di Ciaccio  https://orcid.org/0000-0002 
-6971-0233

Supplemental material

Supplemental material for this article is available 
online.

References

Ajzen I (1991) The theory of planned behavior. 
Organizational Behavior and Human Decision 
Processes 50(2): 179–211.

Akwara PA, Madise NJ and Hinde A (2003) 
Perception of risk of HIV/AIDS and sexual 
behaviours in Kenya. Journal of Biosocial 
Science 35(3): 385–411.

Albarracín D, Johnson BT, Fishbein M, et al. (2001) 
Theories of reasoned action and planned 



Ciaccio et al. 11

behavior as models of condom use: A meta-
analysis. Psychological Bulletin 127(1): 142–
161.

Apostolidis T (2000) Le rapport au sexuel et la 
« sémiotique » de l’amour: Marquage socio-
culturel et climats relationnels. Journal Des 
Anthropologues 82–83: 339–356.

Auerbach JD, Kinsky S, Brown G, et al. (2015) 
Knowledge, attitudes, and likelihood of Pre-
Exposure Prophylaxis (PrEP) use among US 
women at risk of acquiring HIV. AIDS Patient 
Care and STDs 29(2): 102–110.

Brooks RA, Lee SJ, Stover GN, et al. (2009) Condom 
attitudes, perceived vulnerability, and sexual 
risk behaviors of young Latino male urban 
street gang members: Implications for HIV 
prevention. AIDS Education and Prevention 
21(Suppl. 5): 80–87.

Bryan AD, Aiken LS and West SG (1996) Increasing 
condom use: Evaluation of a theory-based inter-
vention to prevent sexually transmitted diseases 
in young women. Health Psychology 15(5): 
371–382.

Calabrese SK, Reisen CA, Zea MC, et al. (2012) The 
pleasure principle: The effect of perceived pleas-
ure loss associated with condoms on unprotected 
anal intercourse among immigrant latino men 
who have sex with men. AIDS Patient Care and 
STDs 26(7): 430–435.

Catania JA, Coates TJ and Kegeles S (1994) A test of 
the AIDS Risk Reduction Model: Psychosocial 
correlates of condom use in the AMEN cohort 
survey. Health Psychology 13(6): 548–555.

Corneli A, Wang M, Agot K, et al. (2014) Perception 
of HIV risk and adherence to a daily, investi-
gational pill for HIV prevention in FEM-PrEP: 
JAIDS. Journal of Acquired Immune Deficiency 
Syndromes 67(5): 555–563.

Crosby R, Yarber WL, Sanders SA, et al. (2005) 
Condom discomfort and associated problems 
with their use among university students. Journal 
of American College Health 54(3): 143–147.

Eisingerich AB, Wheelock A, Gomez GB, et al. 
(2012) Attitudes and acceptance of oral and 
parenteral HIV preexposure prophylaxis among 
potential user groups: A multinational study. 
PLoS ONE 7(1): e28238.

Gerrard M, Gibbons FX and Bushman BJ (1996) 
Relation between perceived vulnerability 
to HIV and precautionary sexual behavior. 
Psychological Bulletin 119(3): 390–409.

Golub SA, Starks TJ, Payton G, et al. (2012) The crit-
ical role of intimacy in the sexual risk behaviors 
of gay and bisexual men. AIDS and Behavior  
(3): 626–632.

Grant RM, Lama JR, Anderson PL, et al. (2010) 
Preexposure chemoprophylaxis for HIV pre-
vention in men who have sex with men. New 
England Journal of Medicine 363(27): 2587–
2599.

Greene GJ, Andrews R, Kuper L et al. (2014) 
Intimacy, monogamy, and condom problems 
drive unprotected sex among young men in 
serious relationships with other men: A mixed 
methods dyadic study. Archives of Sexual 
Behavior 43(1): 73–87.

Haute Autorité de Santé (HAS) (2017) La prophylaxie 
pré-exposition (PrEP) au VIH par TRUVADA. 
Available at: https://www.has-sante.fr/portail/ 
upload/docs/application/pdf/2017-03/ct_
eval_236_bum_truvada_cd_08032017_v4.pdf 
(accessed 8 March 2017).

Herbst JH, Sherba T, Crepaz N, et al. (2005) A meta-
analytic review of HIV behavioral interven-
tions for reducing sexual risk behavior of men 
who have sex with men. Journal of Acquired 
Immune Deficiency Syndromes 39: 228–241.

Holt M, Murphy D, Callander D, et al. (2013) HIV-
negative and HIV-positive gay men’s attitudes 
to medicines, HIV treatments and antiretroviral-
based prevention. AIDS and Behavior 17(6): 
2156–2161.

Huebner DM, Neilands TB, Rebchook GM et al. 
(2011) Sorting through chickens and eggs: A 
longitudinal examination of the associations 
between attitudes, norms, and sexual risk behav-
ior. Health Psychology 30(1): 110–118.

Janz NK and Becker MH (1984) The health belief 
model: A decade later. Health Education 
Quarterly 11(1): 1–47.

Jones BL and Nagin DS (2007) Advances in group-
based trajectory modeling and an SAS proce-
dure for estimating them. Sociological Methods 
& Research 35(4): 542–571.

Jones BL, Nagin DS and Roeder K (2001) A SAS 
procedure based on mixture models for estimat-
ing developmental trajectories. Sociological 
Methods & Research 29(3): 374–393.

Kalichman SC, Cherry C, Kalichman MO, et al. 
(2016) Sexual behaviors and transmission risks 
among people living with HIV: Beliefs, per-
ceptions, and challenges to using treatments as 



12 Journal of Health Psychology 00(0)

prevention. Archives of Sexual Behavior 45(6): 
1421–1430.

Koenig LJ, Lyles C and Smith DK (2013) Adherence 
to Antiretroviral Medications for HIV Pre-
Exposure Prophylaxis: Lessons learned from 
trials and treatment studies. American Journal 
of Preventive Medicine 44(1): S91–S98.

McCormack S, Dunn DT, Desai M, et al. (2016) Pre-
exposure prophylaxis to prevent the acquisition 
of HIV-1 infection (PROUD): Effectiveness 
results from the pilot phase of a pragmatic open-
label randomised trial. The Lancet 387(10013): 
53–60.

Molina JM, Capitant C, Spire B, et al. (2015) 
On-demand preexposure prophylaxis in men 
at high risk for HIV-1 infection. New England 
Journal of Medicine 373(23): 2237–2246.

Molina JM, Charreau I, Spire B, et al. (2017) 
Efficacy, safety, and effect on sexual behaviour 
of on-demand Pre-Exposure Prophylaxis for 
HIV in men who have sex with men: An obser-
vational cohort study. The Lancet HIV 4(9): 
e402–e410.

Morin M and Apostolidis T (2002) Contexte social et 
santé. In: Fisher GN (ed.) Traité de psychologie 
de la santé. Paris: Dunod, pp. 463–491.

Nagin DS and Odgers CL (2010a) Group-based tra-
jectory modeling in clinical research. Annual 
Review of Clinical Psychology 6(1): 109–138.

Nagin DS and Odgers CL (2010b) Group-based tra-
jectory modeling (nearly) two decades later. 
Journal of Quantitative Criminology 26(4): 
445–453.

Nagin DS and Tremblay RE (2001) Analyzing devel-
opmental trajectories of distinct but related 
behaviors: A group-based method. Psychological 
Methods 6(1): 18–34.

Ogden J (2011) Psychologie de la santé. Bruxelles: 
De Boeck.

Paicheler G (1997) Modèles pour l’analyse et la 
gestion des risques liés au VIH: Liens entre 
connaissances et actions. Sciences Sociales et 
Santé 15(4): 39–71.

Roberts AB, Oyun C, Batnasan E, et al. (2005) 
Exploring the social and cultural context of 
sexual health for young people in Mongolia: 
Implications for health promotion. Social 
Science & Medicine 60(7): 1487–1498.

Rogers RW (1983) A protection motivation theory of 
fear appeals and attitude change. In: Cacipoppo 
J and Petty R (eds) Social Psychology: A 
Sourcebook. New York: Guilford Press, pp. 
153–176.

Sagaon-Teyssier L, Mabire X, Laguette V, et al. 
(2018) A group-based trajectory model for 
changes in Pre-Exposure Prophylaxis and con-
dom use among men who have sex with men 
participating in the ANRS IPERGAY trial. 
AIDS Patient Care and STDs 32(12): 495–510.

Sanders SA, Yarber WL, Kaufman EL, et al. (2012) 
Condom use errors and problems: A global 
view. Sexual Health 9(1): 81–95.

Semple SJ, Patterson TL and Grant I (2004) The con-
text of sexual risk behavior among heterosexual 
methamphetamine users. Addictive Behaviors 
29(4): 807–810.

Sheeran P, Harris PR and Epton T (2014) Does 
heightening risk appraisals change people’s 
intentions and behavior? A meta-analysis of 
experimental studies. Psychological Bulletin 
140(2): 511–543.

Sibthorpe B (1992) The social construction of sexual 
relationships as a determinant of HIV risk per-
ception and condom use among injection drug 
users. Medical Anthropology Quarterly 6(3): 
255–270.

Storholm ED, Volk JE, Marcus JL, et al. (2017) Risk 
perception, sexual behaviors, and PrEP adher-
ence among substance-using men who have 
sex with men: A qualitative study. Prevention 
Science 18(6): 737–747.

Underhill K (2015) Intimacy, condom use, and Pre-
Exposure Prophylaxis (PrEP) acceptability 
among men who have sex with men (MSM) in 
primary partnerships: A comment on Gamarel 
and Golub. Annals of Behavioral Medicine 
49(2): 151–153.

Wheelock A, Eisingerich AB, Ananworanich J, et al. 
(2013) Are Thai MSM willing to take PrEP for 
HIV prevention? An analysis of attitudes, prefer-
ences and acceptance. PLoS ONE 8(1): e54288.

Woodward A, Howard N, Kollie S, et al. (2014) HIV 
knowledge, risk perception and avoidant behav-
iour change among Sierra Leonean refugees in 
Guinea. International Journal of STD & AIDS 
25(11): 817–826.


