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Summary Increases in sexually transmitted infections and related high-risk behaviours have been reported among
men who have sex with men (MSM) in industrialised countries when effective antiretroviral therapy against HIV
infection has become widely available, in the mid-nineties. The reasons for these increases are not fully understood
and often conflicting. Prevention fatigue, relapses to unsafe sex, as well as optimism toward the risk of developing
AIDS among people living with HIV are not unique to the era of antiretroviral therapy (ART). This has led researchers to
highlight the need to investigate other potential reasons that could explain the increase in high-risk taking following
the ART introduction. We put forward the hypothesis that the change in the transmission dynamics of the HIV/AIDS
epidemic before and after the introduction of ART has contributed to this change in high-risk behaviour.

It is suggested that a decline in sexual risk activities has occurred at the population-level following the initial spread
of the HIV/AIDS epidemic because AIDS mortality and severe morbidity disproportionately depleted the pool of high-
risk taking individuals. As a result, non-volitional changes may have occurred at the individual-level over time because
the depletion of this pool of high-risk individuals made it more difficult for the remaining high-risk taking individuals to
find partners to engage in risky sex with.

Following its introduction, ART has facilitated the differential replenishment of the pool of individuals willing to
engage in high-risk taking behaviours because ART reduces AIDS mortality, and morbidity. Consequently, high-risk
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taking individuals who had previously reduced their level of risky sex non-volitionally (i.e., as a result of the reduced
availability of high-risk partners) were able to resume their initial high-risk practices as the pool of high-risk taking
individuals replenished over time. Thus, a fraction of the recently reported increase in high-risk sexual activities may
be secondary to the fact that those MSM who were unable to engage in their desired high-risky sexual activities
(because of reduced availability) are now able to revert to them as the availability of men willing to engage in risky
sexual behaviours increases partly due to ART. Therefore, we suggest that a fraction of the changes in individual
behaviour are non-volitional and can be explained by a change in ‘‘sexual partner availability’’ due to the transmission
dynamics of HIV/AIDS before and after ART.

The hypothesis is formulated and explained using simple social network diagrams and the Theory of Planned
Behaviour. We also discuss the implication of this hypothesis for HIV prevention.

�c 2005 Elsevier Ltd. All rights reserved.
Introduction

Increases in some STI and related high-risk behav-
iours for STI and HIV/AIDS have been reported since
the mid-nineties among men who have sex with
men (MSM) in industrialised countries [1–6]. Rea-
sons for the increases in risk behaviours are not en-
tirely clear but prevention fatigue, lack of
awareness among younger MSM and treatment opti-
mism because ART became widely available have
often been put forward as possible explanations
[3,6–16]. However, most, if not all, of these rea-
sons – including optimism toward the risk of devel-
oping AIDS among people living with HIV – have
been identified in the early nineties and are there-
fore not unique to the ART era [17–21].

A recent meta-analytic review of 25 published
studies on ART and sexual behaviour reported no
significant overall effect between the use of ART
or a reduced viral load and high-risk behaviours,
but identified an overall positive association be-
tween positive beliefs about ART and high-risk
behaviours [15]. The cross-sectional nature of the
studies reviewed, however, makes it impossible
to conclude on a causal relationship between opti-
mism and high-risk behaviours. Optimism or beliefs
may originate or intensify after someone engages
in high-risk behaviours, acting as a posteriori self-
justification [7]. Although some dimension of opti-
mism was associated with high risk behaviour in
cross sectional studies [15], other studies examin-
ing risk behaviours over time have shown that in-
creases in risk are equally prevalent among the
optimistic and the non-optimistic, thus questioning
optimism as a driver of such change [9,10]. In the
only longitudinal study available to date [16], the
only belief associated with an increase in unpro-
tected sex, among HIV negative individuals was:
‘perceiving less HIV/AIDS threat’.

These conflicting results have led researchers to
ask if the questions on optimism were properly for-
mulated and to investigate if other reasons could
explain the increase in high-risk taking behaviours
following the wide scale availability of ART therapy
[7,9,10,12,16]. The cornerstone of the present
hypothesis is that the change in the dynamics of
the HIV/AIDS epidemic before and after the intro-
duction of ART has contributed to this change in
high-risk taking behaviours.
Summary of the hypothesis: The number
counts!

It is suggested that a decline in sexual risk activi-
ties has occurred at the population-level (cross-
sectionally at the aggregate level) following the
initial spread of the HIV/AIDS epidemic because
AIDS mortality and severe morbidity disproportion-
ately depleted the pool of high-risk taking individ-
uals (i.e., individuals with several sexual partners
or/and most likely to engage in unprotected sexual
activities) [22–26]. As a result, non-volitional
changes may have occurred at the individual-level
(longitudinally over time) because the depletion
of this pool of high-risk taking individuals made it
more difficult for the remaining high-risk individu-
als to find partners to engage in risky sex with
which, as a consequence, also removes them from
the pool of high-risk taking individuals [22].

Following its introduction, ART has facilitated
the differential replenishment of the pool of indi-
viduals willing to engage in high-risk taking behav-
iours because ART reduces AIDS mortality, and
morbidity [23]. As a consequence, high-risk taking
individuals who had previously reduced their level
of risky sex non-volitionally (i.e., as a result of the
reduced availability of high-risk partners due to
AIDS mortality and morbidity) were able to resume
their initial high-risk practices as the pool of high-
risk taking individuals replenished over time [22].

Thus, the decrease in risk taking sexual activi-
ties observed among MSM in the early eighties
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[3,17–20,24] may in fact be partly attributable to a
decrease in the availability of high-risk taking part-
ners, partly due to AIDS mortality/morbidity –
along other causes such as prevention. This may
have deprived some MSM from the possibility to en-
gage in their intended high-risk behaviours, with
planned or chance encounters. On the other hand,
a fraction of the recently reported increase in high-
risk sexual activities may be secondary to the fact
that those MSM who were unable to engage in their
desired high-risky sexual activities (due to a lack of
availability) are now able to revert to them as the
availability of men willing to engage in risky sexual
behaviours increases partly due to ART (and other
factors discussed in Section Discussion). In other
words, given the beneficial effects of ART, the
number or pool of men with such high-risk taking
intention is sustained or enhanced rather than re-
duced. In summary, the hypothesis proposes that
a fraction of the changes in individual behaviour
was non-volitional and can be explained by a
change in ‘‘sexual partner availability’’ due to
the transmission dynamics of HIV/AIDS before and
after ART. Thus, from the point of view of the indi-
vidual, predispositions (i.e., intention) to engage in
unprotected sex may have remained constant,
while opportunity has varied.

The rest of the paper is divided as follows. First,
we explain more thoroughly how changes in individ-
ual sexual behaviours may be induced by the
dynamics of HIV/AIDS at the level of social net-
works/communities. The concepts of individual
volitional and non-volitional changes following a
change in sexual partner availability are also intro-
duced and illustrated using simple social network
diagrams and a well known social cognitive theory,
the Theory of Planned Behaviour (TPB) of Fishbein
and Ajzen (1975) [27,28]. Finally, the difficulties to
collect empirical evidence to support this hypothe-
sis and the implication of this hypothesis for pre-
vention is briefly outlined and discussed.
Volitional and non-volitional individual
changes versus sexual environment
changes

Potential changes in risk taking behaviours, as high-
lighted by mathematical modelling results [22,23],
are summarised and illustrated with simple social
network diagrams.

According to mathematical modelling, changes
in risk taking sexual behaviours occur at the popu-
lation level, during the natural course of the HIV/
AIDS epidemic, because AIDS related mortality or
AIDS related illness (and cessation of sexual activ-
ity) disproportionately depletes the population of
individuals with the riskiest sexual behaviours
[23–26]. Further in the epidemic, when ART is
made available to a large proportion of infected
individuals, the inverse phenomenon occurs [23].
The availability of ART at the population level dis-
proportionately favour the replenishment of the
high-risk taking population by restoring the quality
of life (QOL) of treated AIDS patients who then can
return to being sexually active [29,30]. By reducing
HIV related consequences, extending and favouring
return to a more active sexual life and potentially
slowing transmission due to reduced infectivity of
HIV + individuals [31–34], ART also enables the
replenishment of the high-risk taking population
by in-migrants or new sexually active recruits
entering a given scene [22,23]. These changes in
the proportion of high-risk taking individuals,
which occur at the population-level is referred to
in the remaining of the text as changes in ‘‘sexual
partner availability’’.

Such changes in sexual partner availability (or in
the sexual environment) will likely modify the
structure of the sexual networks, which in return
may impose some changes at the individual level.
For example, when availability in high-risk taking
sexual partners decreases (for the above men-
tioned reasons or others reasons such as preven-
tion), those individuals who intend to engage in
high-risk sexual activities may find it increasingly
difficult to find partners to do so and may be left
without much choice than having less sexual part-
ners or less risky sex than first intended, or may
have to explore novel ways of partner exchange
and seeking. Therefore, changes at the population
level may induce changes at the individual level
[22].

Changes (increases or decreases) in availability
can have different repercussions on individual sex-
ual behaviours. Fig. 1 illustrates, with a simple
example, different individual-level changes in-
duced by changes in availability in a small sexual
network of MSM. Typically the dots and the links
represent individuals and mutual sexual relation-
ships, respectively. The sexual network is formed
of two components, a low and a high-risk one. Be-
fore the advent of AIDS (Panel (a)), each individual
has exactly the level and type of sexual risk activity
that they intend to and sexual behaviours are con-
stant over time. In this situation, we say that the
level of risky sex intended (noted with superscript
i) is equal to the effective level of risk taking
behaviour (superscript e). The low risk component
is formed of three individuals who have one or two
partners each and have protected sex. The high
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Figure 1 (a) Initially before AIDS. (b) After one AIDS death: what happens now? (c) Scenario 1: Status quo. (d)
Scenario 2: active search to satisfy quota. (e) Scenario 3: passive search: renewal of AIDS deaths.
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activity component is formed of four individuals
who have three partners each and have unpro-
tected sex exclusively. The average component
size (Comp Size) is 3.5, the overall ðMe

gÞ, low
ðMe

lowÞ and high-risk ðMe
highÞ average level of effec-

tive sexual activity are 2.3, 1.3 and 3, respectively.
The mixing is assortative, that is partnerships are
formed exclusively with members of their own risk
taking groups (i.e., there are no link between
components).

Following the death (circle with a cross) of indi-
vidual no. 5 (Panel (b)) due to AIDS, individuals no.
4 and no. 7 are left short of one partner unless a
new recruit joins the network component (Panel
(e)). The average component size is reduced to
three, but the low and high-risk effective average
in sexual activity and the mixing pattern is uncer-
tain. It depends how each individual will react to
this change in availability. If individuals no. 4 and
7 are unable to replace the lost partner (Panel
(c)) they end up with fewer partners than intended
and Me

g, M
e
low and Me

high decreases to 1.7, 1.3 and 2
partners, respectively. Since the mixing remains
assortative, all (100%) high-risk taking individuals
still have unprotected sex exclusively.

‘‘Intended’’ sexual behaviours (superscript i) re-
fer to the behaviours that an individual wanted and
was able to satisfy before changes in availability
occurred (Panel (a)) and that they hope to maintain
as much as possible as they do not have the inten-
tion to change behaviour. Effective sexual behav-
iours (superscript e) are the behaviours that are
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observable over time, and that result after the ef-
fect of sexual environment constraints has been
factored in. Note that in absence of variation in
availability, intended behaviours are equal to the
effective behaviours and remain unchanged over
time (Panel (a)).

Alternatively, individuals no. 4 and no. 7 may
eventually overlook their initial preference for
unprotected sex with high-risk taking partners
and may fulfil their needs by finding a third partner
among people with lower risk taking behaviours
(Panel (d)). This is possible if low risk taking indi-
viduals are unaware, for example, of the level of
risk of the new partner. In this scenario, the net-
work has one component of size 6. The network
structure is altered since the mixing is no longer
assortative. Here, all high-risk taking individuals
have the same number of partners they originally
wanted. However, individuals no. 1 and no. 3 now
have more than intended and their effective over-
all sexual activity level is increased to 2. On the
other hand, if the new low risk partner refuses to
engage in risky sex, high-risk taking individuals will
end up having less unprotected sex than intended.
The last scenario (Panel (e)) occurs if, after a given
period of time, the high-risk taking population can
replenish to its initial state. In such case, higher
risk taking individuals will be able to return to their
initial pattern of intended sexual behaviour. It
needs to be emphasized that individuals who return
to their initial pattern of intended risky behaviour
are different than those who relapse to risky sex.
As opposed to those individuals who simply resume
to high-risk sexual behaviour as availability in-
creases, individuals who relapse have at least the
intention to change their behaviour but have faced
difficulties to translate their intentions into prac-
tice. The distinction is important otherwise relapse
to risky sex will be over-estimated. In reality, how-
ever, the distinction between the two may not be
crystal clear as behavioural changes may be partly
explained by volitional as well as non-volitional
reasons. These two dimensions are to some degree
entangled.

In summary, volitional changes are those made
as a result of a cognitive process, to fulfil a given
‘‘intended sexual agenda’’. Non-volitional changes
are those that are imposed to an individual by a
change in sexual partner availability or a change
in the sexual environment and for which they have
limited control. Because non-volitional behaviour
changes are by definition not intended, they are
expected to be more ‘‘fragile’’ (not permanent)
and reversible than cognitive behaviour changes
as long as intentions do not change. Of course, if
intention changes for a variety of reasons such as
prevention, optimism and others, effective
changes in behaviour will therefore be attributed
to the overall changes in intention (volitional)
and non-volitional changes, such as sexual partner
availability.

In fact, non-volitional changes induced by varia-
tions in the sexual environment also depend on
individual factors such as the sexual rigidity of indi-
viduals looking for new partners (individual seek-
ing) and of those individuals belonging to the pool
of partners being solicited (individual sought). Sys-
tematic changes in the sexual environment may
therefore introduce a systematic change among
individuals.

In our example in Fig. 1(d), the capacity of indi-
viduals with high-risk behaviours (no. 4 and no. 7)
to have unprotected sex with a low risk taking indi-
vidual depends on the dynamic involved in the new
relationship, e.g., persuasion power of individuals
no. 4 and no. 7 to engage in risky sex-sexual rigidity
of individual seeking; ability of individuals no. 1
and no. 3 to resist and to negotiate safe sex (sexual
rigidity of individual sough). If individual no. 1 con-
cedes while negotiating safe sex, the partnership
formed with no. 4 will result in unsafe sex.

Non-volitional changes in behaviour should occur
when partners have discordant intentions. How-
ever, the extent to which changes in sexual partner
availability will influence behaviour should depend
on the magnitude of these changes, on the sexual
rigidity (i.e., individual autonomy or individual
self-efficacy) and on sexual and social networks
of the individual seeking new partners.

Understandably, the complex interactions be-
tween different volitional and non-volitional deter-
minants of behaviour are difficult to measure. It is
therefore important to formulate the research ques-
tions precisely and to identifywhat needs to bemea-
sured and how it should be measured. In this regard,
wemore formally articulate our hypothesis using the
Theory of Planned Behaviour (TPB) [27,28].
Theory of planned behaviour and the
sexual environment/availability

Theory of planned behaviour

Many social cognitive theories allow for extra-indi-
vidual influences, even if such influences are infre-
quently assessed in interventions and even surveys.
Although individually centred, the TPB is useful to
our current work because it offers the possibility
to assess extra-individual influences at several



220 Boily et al.
levels. The theory of planned behaviour (TPB, see
Fig. 2(a)) is the dominant model for predicting
and understanding health-related intentions and
behaviour (see Armitage and Conner [35]; Godin
and Kok, [36], for reviews). The TPB is an extension
of Fishbein’s [37] theory of reasoned action (TRA)
which proposed that the most immediate and
important predictor of behaviour is the person’s
decision or intention to perform it (e.g., ‘‘I intend
to use a condom during sex’’) [38]. According to
the TRA, intention is determined by attitude and
subjective norm. Attitude (ATB) refers to the per-
Figure 2 (a) No environment dimensions. (b) Direct infl
influences of the environmental dimension.
son’s overall evaluation of performing the behav-
iour (e.g., ‘‘Using a condom during sex would be
good/bad’’) whereas subjective norm (SN) refers
to perceptions of social pressure from significant
others to perform the behaviour (e.g., ‘‘Most peo-
ple who are important to me think that I should use
a condom during sex’’). Norms may be drawn from
society at large (e.g., the normative value of smok-
ing in public), or from narrower samples such as
peer groups (e.g., the mobilisation of gay men in
the western world in the early 1980s in response
to the AIDS epidemic which greatly contributed to
uences of the environmental dimension. (c) Indirect
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changes social norms at large [39]). This approach
has underpinned some of the HIV prevention efforts
using influential peers to change norms and thus
behaviour [40,41].

However, the TRA was designed only to predict
volitional behaviours, i.e., behaviours over which
the person has a good deal of control. To overcome
this problem, Ajzen [38,42] ‘‘. . .added the con-
struct of perceived behavioural control to the ori-
ginal theory of reasoned action when the work of
Bandura and his associates made it clear that this
construct was needed to deal with determinants
of human behaviour that are not under complete
volitional control’’ (Ajzen, 1998, p. 737) [43].
The reformulated model was called the theory of
planned behaviour (TPB) and proposed that per-
ceived behavioural control constitutes an addi-
tional predictor of intention alongside attitude
and subjective norm. Perceived Behavioural Con-
trol refers to someone’s perception of her/his abil-
ity to perform a given behaviour. This perception
depends on the perceived power (control) that an
individual has over each perceived factor that
may facilitate or impede the execution of such
behaviour. Meta-analytic reviews indicate that per-
ceived behavioural control contributes an incre-
ment of 5–13% of the variance in intention after
TRA variables have been taken into account [35,36].
Potential routes of influence of sexual
environment/availability

In recent years, a growing number of publications
have suggested that the study of socio-structural
factors should improve our understanding of the
determinants of behaviour [44]. Socio-structural
factors refer to features of the broader social con-
text in which the person is located and is captured
by assessment of resources and well being in
respective communities. Thus, the social structure
has the potential to affect action both through the
individuals own position in the community and
through the position of the community in a given
society. It has been proposed that socio-structural
variables could influence behaviour by three
routes: cognitivist, interactionist or environmental
determinist [45].
Direct influences of the sexual environment

To be consistent with the discussion in ‘‘Volitional
and non-volitional individual changes versus sexual
environment changes’’ and to highlight the influ-
ence of the sexual environment on behaviour at
the individual level, behaviour is depicted as the
result of volitional and non-volitional contexts. In
this view, the sexual environment/availability is
considered an independent dimension which can
influence behaviour directly via the Environmental
‘‘determinist’’ route or the Interactionist route
(see Fig. 2(b)).
Environmental ‘‘determinist’’ route (A)
The Environmental ‘‘determinist’’ route suggests
that population level factors directly dictate
whether or not high-risk sexual behaviours are per-
formed [45]. This is the route where sexual partner
availability would have a direct influence on behav-
iour without being mediated by individuals’ behav-
iour-relevant thoughts (see Fig. 2(b) – A). This is a
type of stimuli-response route, since a given
behaviour is adopted because of the presence of
a stimulus or in the present case an environmental
condition. Thus, under this condition, an increase
or a decrease in sexual partner availability would
directly affect individual behaviour regardless of
cognitions (i.e., intention and perceived behav-
ioural control). In such a case, however, individuals
still want the same level of risky sex than originally,
but cannot achieve it in an environment of reduced
availability. Therefore, non-volitional, as well as
effective, behaviour changes ensue. This is the view
proposedand illustrated in thenetworkdiagrampre-
sented in Fig. 1(a) and (c)–(e), since it is assumed
that there is no change in the individual decision
making process (i.e., intention is not changed).
Interactionist route (B)
Alternatively the ‘‘interactionist’’ route suggests
that social structural factors interact with the initi-
ation and pursuit of intended behavioural goals
(Fig. 2(b) – B) [45]. The sexual environment affects
the behavioural response by modulating the influ-
ence of intentions. Thus, if sexual partner avail-
ability for high-risk sexual behaviours decreases,
individuals with high intentions to engage in this
type of risk taking behaviours is strongly affected
and are unable to act. In contrast, those with low
intentions are not affected to the same extent by
this decrease in sexual partner availability. Thus,
non-volitional, and effective behaviour changes en-
sue mostly among those who intent to practice
high-risk sexual behaviour.

The direction of the behavioural changes im-
posed by an increase or a decrease in sexual part-
ner availability, i.e., whether effective behaviour
will become more or less risky, will likely depend
on the combined, but often conflicting, effects of
the sexual rigidity of the individual seeking and
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the individual sought (see ‘‘Volitional and non-
volitional individual changes versus sexual environ-
ment changes’’), as well as the availability of
avenues that facilitates the fulfilment of these
behavioural needs (such as the Internet ). It also
seems reasonable to assume that non-volitional
behaviour changes will be less likely among individ-
uals with high sexual rigidity and perceived behav-
ioural control.

Example. To fully clarify how the environment
can directly affect individual behaviour, let’s con-
sider the following smoking example. To reduce
smoking among youths, the federal Canadian gov-
ernment raised taxes on cigarettes by 550 per cent
between 1982 and 1991 [46]. The idea was to make
buying of cigarettes unaffordable to youths and to
force them not to smoke despite their wishes to do
so. Initially, the initiative appeared to work, since
consumption rates plummeted. With direct analogy
to our model, we could say that individuals reduced
their cigarette consumption non-volitionally due to
a decrease in the pool of affordable cigarettes. In
‘‘Volitional and non-volitional individual changes
versus sexual environment changes’’, we suggested
that non-volitional changes are fragile and that
individuals would be inclined to resume to their ini-
tial behaviour if lack of availability was not any-
more a problem. This is indeed what happened in
the early 1990s when smugglers, with the complic-
ity of cigarette manufacturers and the use of Na-
tive reserves straddling the Canada-US border
(used as a vehicle to avoid taxes), developed a plan
and flood the Canadian market at cut-rate prices. It
was estimated that under-priced contraband ciga-
rettes constituted 40%–60% of the market. This
was matched by an increase in cigarette smoking
among youths, from 23% in 1991 to 29% in 1994;
after which the government decided to reduce
taxes [46].

Furthermore, studies on preparedness to share
injecting equipment suggest that it is difficult to
reduce needle sharing below a certain level even
through efficient needle sharing programme [47].
Even in situations where drug injectors may have
modified their ‘‘effective’’ behaviour in the direc-
tion of lower levels of reported sharing, a propen-
sity (i.e., intention) to share may remain [48],
which they concluded emphasize the need to con-
tinuously make clean needles available to injec-
tors. These observations support our assumption
that intention to engage in high-risk taking behav-
iour may remain despite apparent change in
‘‘effective’’ behaviour due to change in availability
(in this context: availability of clean syringes).

As indicated on the TPB diagram (Fig. 2(b) – C),
there is a feed back loop between effective behav-
iour and sexual partner availability. Once behav-
ioural changes occur, the sexual environment is
also modified. Consequently, non-volitional behav-
iour changes continue to occur, so on, so forth, as
long as sexual partner availability continues to
change. If sexual partner availability starts increas-
ing again after a decline, as for the introduction of
ART following the spread of HIV/AIDS, then individ-
uals are increasingly able to satisfy their intended
behaviours and can slowly return to their initial le-
vel of risky sex, assuming that their initial inten-
tions did not change. Obviously if non-volitional
behaviours changes have greatly modified the
structure of the sexual network, the reversion to
original risk behaviours may happen over a long
time scale or/and give rise to a higher risk network
but with a modified configuration compared to the
original one.
Indirect influences of the sexual environment
The social environment/availability could also influ-
ence behaviour less directly by influencing the cog-
nitive process of individual’s decision making.
Cognitivist route
The ‘‘cognitivist’’ route is captured by the pre-
cepts of the TPB regarding external variables
[27,28,35–38,42–45]. According to the TPB, social
structure (i.e., sexual partner availability) only af-
fects behaviour by affecting people’s cognitions
and intention. This is a mediational account of
the influence of the social structure. Thus, a given
change in the sexual environment may influence
behaviour, but by means of its influence on inten-
tion and/or perceived behavioural control (Fig.
2(c)). For example, a lower prevalence of a given
behaviour in the social environment can affect sub-
jective norm. As AIDS spreads in the population and
the number of partners who engage in unprotected
sex become lower, this can be viewed as the new
norm. Also, the adoption of a given behaviour for
non volitional reasons over a specific period of time
may change one’s cognitions toward this behav-
iour. The new non-volitional behaviour, due to a
mechanism of osmosis, self-justification, familiari-
sation or learning, may become positively valued,
especially if individuals perceive no obvious exter-
nal influence upon their behaviour [49]. This is
what was hoped for in the smoking example pre-
sented earlier.

Finally, reduced or increased sexual partner
availability may also affect perceived and actual
behavioural control. As it becomes increasingly dif-
ficult or easy to find new partners, unsafe sexual
risk behaviours decrease or increase, respectively.
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If high-risk taking partners are extremely difficult
to find, someone may have a low perception of con-
trol and in despair give up looking for such part-
ners. In contrast, if high-risk taking partners
become easier to find, the same person may be
encouraged looking for such partners due to the
increasing perception of control given the few suc-
cesses. Because these changes are the results of a
modification in the cognitive process, we qualify
them as volitional.
Discussion

We argue that ‘‘sexual partner availability’’ is an
important determinant of sexual behaviour.
According to this hypothesis changes in sexual part-
ner availability caused by the HIV/AIDS epidemic
and the wide scale use of ART could partly explain
changes in sexual behaviour in the early eighties
and mid-nineties among MSM both at the popula-
tion-level and individual level. Indeed, mechanisms
that affect availability such as the use of the inter-
net to find sexual partners, has been associated
with increased high risk behaviour [10,50].

Obviously, other factors than AIDS mortality/
morbidity or ART may influence sexual partner
availability. In reality, cognitive changes have
probably occurred as well, especially following
extensive prevention strategies as in the early
eighties in the MSM community [2,3,17–21]. Most
prevention strategies aim at lowering the intention
to have risky sex by altering its value and highlight-
ing its negative health outcomes (e.g., attitude),
by use of community role models to promote safe
sex as the norm (i.e., subjective norm), and making
available condoms and providing social supports
through help lines, open forums, etc. (i.e., per-
ceived behavioural control) [40,41]. These latter
strategies also contribute to improve the ability
of individuals to negotiate safe sex. Prevention
aims to modify the cognitive process and to reduce
risky sexual practice permanently.

It is reasonable to assume that individuals ex-
posed to education messages and who hold positive
predisposition to change are more malleable and
more likely to engage in safer sex behaviours. Thus,
as AIDS differential mortality/morbidity modifies
sexual partner availability, safer sex efforts further
contribute to modify sexual partner availability. As
illustrated in panel (b) of Fig. 1, an increase in po-
tential partners who insist on using condoms may
result in forcing some individuals who did not want
to engage in safe sexual practices to sometimes do
so non-volitionally. As the sexual partner availabil-
ity continues to change over time even those who
volitionally engage in safer sex behaviours most of
the time may do so more frequently than intended.
For example, following a prevention campaign
some individuals may intend to decrease their num-
ber of casual partners from 10 to 5 per month, but
due to a lack in sexual partner availability, they
may end up having only three partners. Therefore
changes in sexual partner availability may explain
a fraction of the changes following a prevention
programme. This also means that the effect of a
prevention campaign may be exaggerated as some
individuals may not have the level of risky sex that
they intend to. Therefore, when ART enables the
high-risk population to replenish, these individuals
have the chance to gradually return to a high degree
of sexual risk activity. Hopefully, prevention strat-
egies should to a certain extent limit this effect
and impose an upper constrain on the maximum
that the re-bound in risk taking behaviour can
reach. This hypothesis makes a clear case for the
importance of ‘‘positive prevention’’ i.e., a pro-
gramme of HIV prevention linked to treatment
and care and focussed on the HIV positive rather
than the previous separation of prevention and care
in approaching HIV and the relative lack of preven-
tion provision targeted specifically at the HIV posi-
tive groups.

Other social events could also have modified
sexual partner availability. For example, the clos-
ing of bathhouses in the US in the eighties has made
it more difficult for MSM to have random unpro-
tected sex [3,51]. On the other hand, increased
opportunity can be a function of increased avail-
ability due to treatment but also of added facilities
or technology such as the Internet-which enlarge
the sexual network and increases sexual partner
availability- as a source for partner seeking
[10,52,53]. The recent observation that some
MSM deliberately/volitionally intend to engage in
unprotected anal intercourse (‘‘bare-backing’’)
raise the question whether this phenomenon is
new or not and whether bare-backers always ex-
isted but were unobserved or expressed a re-
pressed intention given the more limited sexual
environment [54,55].

In terms of prevention, it is important to realise
that although risk taking sexual behaviour in-
creases following the wide-scale use of ART, the
risk of contracting HIV may not increase
[5,29,31,32]. This is because ART reduces viral load
and therefore the infectivity of treated HIV posi-
tives. However, the acquisition of other STI re-
mains as risky as before –even in a context
where HIV incidence would decline- since STI are
not affected by ART [23,56].
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The obvious challenge is to collect empirical
data to support our hypothesis. First, it is necessary
to demonstrate that the HIV/AIDS epidemic and the
introduction of ART have modified sexual partner
availability. We are aware of only two empirical
studies that have addressed this issue and that
have highlighted the impact of AIDS differential
mortality on risk taking behaviour and syphilis over
time [25,26]. Furthermore, model predictions are
in agreement with available population-level data
on trends in risk taking sexual behaviour and STD
infection among MSM, in function of time, age,
HIV and ART status [1–23]. Second, it is necessary
to demonstrate that sexual partner availability
influences behaviour. We gave examples to illus-
trate that the concept of non-volitional changes
due to availability of a product (i.e., cigarette,
clean needles). Anecdotal evidence also permits
to suggest that this is also likely to be the case
for sexual behaviour. For example, if we were to
survey women who do not have a regular sexual
partner, surely only a fraction of them would agree
that this is a volitional situation. For example, in
New York, the unbalanced male to female ratio
makes it notably more difficult for women to find
a desirable regular partner, whereas men may be
more likely to engage in short term relationships
[57–59]. Thirdly, to advance our specific hypothe-
sis we need to show that changes in the sexual
environment/availability at the beginning of the
HIV epidemic and following ART introduction have
been sufficient to induce significant non-volitional
changes, that is they reached a threshold of influ-
ence. We are unaware of any studies looking at
the influence of sexual partner availability on indi-
vidual level changes in behaviour during the HIV/
AIDS epidemic or the ART era. This is a complex
concept to measure as behavioural determinants
are often entangled. One way to more formally test
the hypothesis would be to look at those who re-
duced their risk taking behaviours to find out if
they really intended to change behaviour. Based
on the TPB theoretical framework, such an analysis
would look at variance in intentions versus variance
in behaviour. As usual, there is a drawback as
intention may change over time as a result of peo-
ple incorporating environmental contingencies into
their belief structure. That means we have to work
even harder to make appropriate attributions
about variance in intention (let alone behaviour).

Future prevention strategies would benefit from
a better understanding of volitional and non-voli-
tional changes. Unfortunately many studies of sex-
ual risk taking behaviour have been individually
oriented and have therefore been liable to under-
estimate the effect of the sexual environment/
availability on behaviour. Our hypothesis is impor-
tant to understand the determinant of changes in
risk taking sexual behaviour over time in order to
optimally design prevention strategies. Indeed,
prevention messages addressing individuals resum-
ing previous risky sexual practices following an in-
crease in availability of partners keen to engage
in high-risk behaviours will likely be different than
those really relapsing into risky sex. The former
never wanted to change their behaviour and prob-
ably have a negative attitude toward prevention
and unsafe sex while the latter want to be safe,
hold a positive attitude toward safe sex but may,
for a number of reasons (e.g., complex interaction
with peers, power inequalities, cultural scripts,
etc.) [60], have difficulties in maintaining safe
behaviour. To get a better sense of the potential
relapse to risky sex, it might be more appropriate
to look at individuals who engage in safe sex de-
spite their will, instead of looking at those who en-
gage in unsafe sex despite their will as is usually
done.

We believe that our hypothesis put some new
light in the factors related to the risk taking behav-
iours and that it is useful to better understand re-
cent increasing trends in STD and risky behaviours
among men who have sex with men (MSM).
Acknowledgements

M.C.B. thanks MRC for financial support and F.I.B
thanks FIOCRUZ PAPES grant 250.250.122.
References

[1] CDC. Increase in unsafe sex and rectal gonorrhea among
men who have sex with men-San Francisco, California,
1994–1997. MMWR 1999;48 (3):45–8.

[2] Fox KK, del Rio C, Holmes KK, Hook EW, et al.
Gonorrhea in the HIV era: a reversal in trends among
men who have sex with men. Am J Public Health
2001;91(6):959–64.

[3] Stall RD, Hays RB, Waldo CR, Ekstrand M, McFerland W. The
gay ’90s: a review of research in the 1990s on sexual
behavior and HIV risk among men who have sex with men.
AIDS 2000;14(Suppl. 3):S1–S14.

[4] Elford J, Bolding G, Davis M, Sherr L, Hart G. Trends in
sexual behaviour among London homosexual men1998–
2003: implications for HIV prevention and sexual health
promotion. Sex Transm Infect 2004;80(6):451–4.

[5] Stolte IG, Coutinho RA. Risk behaviour and sexually
transmitted diseases are on the rise in gay men but what
is happening with HIV. Curr Opin Infect Dis
2002;15(1):37–41.

[6] Stolte IG, Dukers NH, de Wit JB, Fennema H, Coutinho RA.
A summary report from Amsterdam: increase in sexually
transmitted diseases and risky sexual behaviour among



The impact of the transmission dynamics of the HIV/AIDS epidemic on sexual behaviour 225
homosexual men in relation to the introduction of new
anti-HIV drugs. Euro Surveil 2002;7:19–22.

[7] Van de Ven P, Rawstorne P, Nakamura T, Crawford J,
Kippax S. HIV treatments optimism is associated with
unprotected anal intercourse with regular and with casual
partners among Australian gay and homosexually active
men. Int J STD AIDS 2002;13(3):181–3.

[8] International Collaboration on HIV Optimism. HIV treat-
ments optimism among gay men: an international perspec-
tive. JAIDS 2003;33:545–50.

[9] Elford J, Bolding G, Sherr L. High risk sexual behaviour
increases among London gay men between 1998 and 2001:
what is the role of HIV Optimism? AIDS 2002;16:1537–44.

[10] Benotsch EG, Kalichman S, Cage M. Men who have met sex
partners via the Internet: prevalence, predictors, and
implications for HIV prevention. Arch Sex Behav
2002;31(2):177–83.

[11] Knox S, Van de Ven P, Prestage G, et al. Increasing realism
among gay men in Sydney about HIV treatments: changes in
attitude over time. Intl J STD AIDS 2001;12:310–4.

[12] Miller M, Meyer L, Boufassa F, et al. Sexual behavior
changes and protease inhibitor therapy. SEROCO Study
Group AIDS 2000;14:F33–9.

[13] Suarez TP, Kelly JA, Pinkerton SD, et al. Influence of a
partner’s HIV serostatus, use of highly active antiretroviral
therapy, and viral load on perceptions of sexual risk
behavior in a community sample of men who have sex
with men. J Acquir Immune Defic Syndr 2001;28(5):471–7.

[14] Elford J, Bolding G, Maguire M, Sherr L. Combination
therapies for HIV and sexual risk behavior among gay men.
J Acquir Immune Defic Syndr 2000;23(3):266–71.

[15] Crepaz N, Hart TA, Marks G. Highly active antiretroviral
therapy and sexual risk behavior: a meta-analytic review.
JAMA 2004;42;92(2):224–36.

[16] Stolte IG, de Wit JB, van Eeden A, Coutinho RA, Dukers NH.
Perceived viral load, but not actual HIV-1-RNA load, is
associated with sexual risk behaviour among HIV-infected
homosexual men. AIDS 2004;18(14):1943–9.

[17] van de Laar MJW, Pickering J, van den Hoek JAR, et al.
Declining gonorrhoea rates in The Netherlands, 1976–1988:
consequences for the AIDS epidemic. Genitourin Med
1990;66:148–55.

[18] Carne CA, Weller JVD, Johnson AM, et al. Prevalence of
antibodies to human immunodeficiency virus, gonorrhoea
rates, and changed sexual behaviour in homosexual men in
London. Lancet 1987;i:119–21.

[19] Wardropper AG, Pattman RS. Gonorrhoea as an indicator of
altered sexual behaviour and as a surrogate marker of HIV
concern: a 13-year analysis in Newcastle. Int J STD AIDS
1995;6(5):348–50.

[20] Lau RK, Jenkins P, Caun K, et al. Trends in sexual
behaviour in a cohort of homosexual men: a 7 year
prospective study. Int J STD AIDS 1992;3(4):267–72.

[21] Taylor SE, Kemeny ME, Aspinwall LG, Schneider SG,
Rodriguez R, Herbert M. Optimism, coping, psychological
distress, and high-risk sexual behavior among men at risk
for acquired immunodeficiency syndrome (AIDS). J Pers Soc
Psychol 1992;63(3):460–73.

[22] Boily M-C, Bastos FI, Hogben M, Godin G. The putative
impact of HAART on individual sexual behavior. XIV
international AIDS conference, Barcelona, Spain, July 7–
12 2002 (PeWe6360).

[23] Boily MC, Bastos FI, Desai K, Masse B. Changes in the
transmission dynamics of the HIV epidemic after the wide-
scale use of antiretroviral therapy could explain increases
in sexually transmitted infections: results from mathemat-
ical models. Sex Transm Dis 2004;31(2):100–13.
[24] Kault DA. Modelling the effects of AIDS on gonorrhea
epidemiology. Math Comput Modell 1992;16(11):3–14.

[25] Chesson HW, Thomas SD, Sevgi AO. AIDS mortality may
have contributed to the decline in syphilis rates in the
United-States in the 1990s. Sex Transm Dis
2003;30(5):419–25.

[26] Blower SM, van Griensven GJP. Effect of differential
mortality on risk behaviour change in cohort studies. J
Acquir Immune Defic Syndr 1993;6:1365–7.

[27] Fishbein M, Ajzen I. Belief, attitude, intention, and
behavior: an introduction to theory and research. Reading,
MA: Addison-Wesley; 1975. p. 578.

[28] Ajzen I. The theory of planned behavior. Organ Behav Hum
Dec 1991;50:179–211.

[29] Dukers NH, Goudsmit J, de Wit JB, Prins M, Weverling GJ,
Coutinho RA. Sexual risk behaviour relates to the virolog-
ical and immunological improvements during highly active
antiretroviral therapy in HIV-1 infection. AIDS
2001;15(3):369–78.

[30] Cohen C, Revicki DA, Nabulsi A, et al. A randomized trial of
the effect of ritonavir in maintaining the quality of life in
advanced HIV disease. AIDS 1998;12:1495–502.

[31] Kashuba ADM, Dyer JR, Kramer LM, et al. Antiretroviral-
drug concentration in semen: implication for sexual trans-
mission of human immunodeficiency virus type1. Antimic-
rob Agents Ch 1999;43(8):1817–26.

[32] Porco TC, Martin JN, Page-Shafer KA, et al. Decline in HIV
infectivity following the introduction of highly active
antiretroviral therapy. AIDS 2004;18(1):81–8.

[33] Detels R, Alvaro M, McFarlane G, et al. Effectiveness of
potent antiretroviral therapy on time to AIDS and death in
men with known HIV infection duration. JAMA
1998;280(17):1497–503.

[34] Palella FJ, Dellaney KM, Moorman AC, et al. Declining
morbidity and mortality among patients with advanced
human immunodeficiency virus infection. HIV outpa-
tient Study investigators. N Engl J Med 1998;338(13):
853–60.

[35] Armitage CJ, Conner M. Efficacy of the theory of planned
behaviour: a meta-analytic review. Br J Soc Psychol
2001;40:471–99.

[36] Godin G, Kok G. The theory of planned behavior: a review
of its applications to health-related behaviors. Am J Health
Promot 1996;11(2):87–98.

[37] Ajzen I, Fishbein M. Understanding attitudes and predicting
human behavior. Englewood New Jersey: Prentice Hall;
1980. p. 278.

[38] Ajzen I. From intention to actions: a theory of planned
behavior. In: Kuhl J, Beckmann J, editors. Action-control:
from cognition to behavior. Heidelberg: Springer; 1985. p.
11–39.

[39] Douglas-Camille Connors. Activism vs. advocacy: will Can-
ada’s community-based response be relevant for caring for
futureHIV/AIDS patients? Sexual Health Exchange 2000-4.
<http://www.kit.nl/frameset.asp?/ils/exchange_content/
html/2000_4_activism_vs_advocasy.asp&frnr=1&> [accessed
15.02.05].

[40] Hays RB, Rebchook GM, Kegeles SM. The Mpowerment
Project: community-building with young gay and bisexual
men to prevent HIV1. Am J Community Psychol 2003;31(3–
):301–12.

[41] Fernandez MI, Bowen GS, Gay CL, Mattson TR, Bital E, Kelly
JA. HIV, sex, and social change: applying ESID principles to
HIV prevention research. Am J Commun Psychol
2003;32(3–4):333–44.

[42] Ajzen I. Attitudes, personality, and behavior. Chicago,
IL: The Dorsey Press; 1988.

http://www.kit.nl/frameset.asp?/ils/exchange_content/html/2000_4_activism_vs_advocasy.asp&amp;frnr=1&amp;
http://www.kit.nl/frameset.asp?/ils/exchange_content/html/2000_4_activism_vs_advocasy.asp&amp;frnr=1&amp;


226 Boily et al.
[43] Ajzen I. Models of human social behavior and their applica-
tion to health psychology. Psychol Health 1998;13:735–40.

[44] King AC, Stokols D, Talen E, Brassington GS, Killingsworth
R. Theoretical approaches to the promotion of physical
activity: forging a transdisciplinary paradigm. Am J Prev
Med 2002;23(Suppl. 2):15–25.

[45] Cooke R, Sheeran P. Moderation of cognition-intention and
cognition-behaviour relations: a meta-analysis of proper-
ties of variables from the theory of planned behaviour. Br J
Soc Psychol 2004;43:159–86.

[46] Thorne S. Higher cigarette taxes will spawn smuggling,
industry predicts CHealth, May 11, 2000. <http://www.
canoe.ca/Health0005/11_smoking.html> [accessed 21.02.05].

[47] van Ameijden EJ, Coutinho RA. Maximum impact of HIV
prevention measures targeted at injecting drug users. AIDS
1998;12(6):625–33.

[48] McKeganey N, Abel M, Taylor A, Frischer M, Goldberg D,
Green S. The preparedness to share injecting equipment:
an analysis using vignettes. Addiction 1995;90(9):1253–60.

[49] Festinger L, Carlsmith JM. Cognitive consequences of
forced compliance. J Abnorm Psychol 1959;58(2):203–10.

[50] Elford J, Bolding G, Sherr L. Seeking sex on the Internet and
sexual risk behaviour among gay men using London Gyms.
AIDS 2001;5(11):1409–15.

[51] Elford J, Bolding G, Sherr L. Health officials refuse to lift
bathhouse ban. AIDS Policy Law 1999;14(13):14–5.

[52] McFarlane M, Bull SS, Rietmeijer CA. The Internet as a
newly emerging risk environment for sexually transmitted
diseases. JAMA 2000;284(4):443–6.

[53] Bolding G, Davis M, Sherr L, Hart G, Elford J. Use of gay
Internet sites and views about online health promotion
among men who have sex with men. AIDS Care
2004;16(8):993–1001.

[54] Carballo-Dieguez A, Bauermeister J. Barebacking : inten-
tional condomless anal sex in HIV-risk contexts. Reasons for
and against. J Homosex 2004;47(1):1–16.

[55] Crossley ML. Making sense of ’barebacking’: gay men’s
narratives, unsafe sex and the ’resistance habitus’. Br J Soc
Psychol 2004;43:225–44.

[56] Blower SM, Gershengorn HB, Grant RM. A tale of two
futures: HIV and antiretroviral therapy in San Francisco.
Science 2000;287:650–4.

[57] Wooster MM, Lehrer E. Male–female mismatch – society –
brief article. American enterprise online, July–August.
<http://www.findarticles.com/p/articles/mi_m2185/
is_5_13/ai_88584013>; 2002 [accessed 15.02.05, 21.02.05].

[58] Bergstrom T, Lam D. The two-sex problem and the
marriage squeeze in an equilibrium model of mariage
market, Papers 91-7, Michigan – Center for Research on
Economic and Social Theory. <http://repositories.cdlib.
org/cgi/viewcontent.cgi?article=1140&context=ucsbecon>;
1991 [accessed 21.02.05].
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