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Summary: Sexual contact is the major mode of HIV transmission. Increased sexual
risk taking has been described in HIV-infected individuals receiving potent antiretro-
viral therapy. A new questionnaire on sexual behavior was introduced into the Swiss
HIV Cohort Study on April 1, 2000. We evaluated sexual behavior in all individuals
who completed the questionnaire for the first time within 1 year after its introduction.
Our primary hypothesis was that self-reported unsafe sexual behavior would be more
prevalent among individuals with optimal viral suppression. On April 1, 2000, 4948
individuals were registered in the study, and 4723 (95%) completed the questionnaire.
Of these individuals, 12% reported unsafe sex, 78% received antiretroviral therapy,
and 25% had optimal viral suppression (HIV RNA level always <50 copies/mL during
the preceding 12 months). During the preceding 6 months, 55% of individuals had
stable and 19% had occasional partners, and 6% had both types of partners. Sexual
intercourse was reported by 82% of individuals with stable and 87% of individuals
with occasional partners, and of those reporting sexual intercourse in each group, 76%
and 86%, respectively, said that they always used condoms. After adjustment for
covariates, reported unsafe sex was not associated with optimal viral suppression (odds
ratio, 1.04; 95% confidence interval, 0.81–1.33) or antiretroviral therapy (odds ratio,
0.83; 95% confidence interval, 0.65–1.07), but it was associated with gender, age,
ethnicity, HIV transmission group, HIV status of partner, having occasional partners,
and living alone. There is no evidence that self-reported unsafe sexual behavior is more
prevalent among HIV-infected individuals with optimal viral suppression. However,
unsafe sex is associated with other factors. Key Words: HIV infections, potent anti-
retroviral therapy, sexual behavior, communicable disease control

Worldwide, sexual contact is the major mode of trans-
mission of HIV in adults. Since the introduction of potent
antiretroviral therapy in 1995–1996, both morbidity and
mortality in HIV-infected individuals with access to
therapy have substantially decreased.1,2 However, inves-
tigators have also found a decrease in the perceived risk
of sexual transmission of HIV in patients taking potent
antiretroviral therapy.3,4 Although plasma HIV RNA
concentration is the most important factor in genital HIV
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shedding and hence is clearly related to sexual transmis-
sion of HIV, cell-associated genital HIV shedding still
occurs in those patients who respond well to antiretrovi-
ral therapy and have plasma HIV RNA levels of <500
copies/mL.5,6 Increases in sexually transmitted diseases
in HIV-infected individuals have been described, and
several centers have reported an increase in the incidence
of new HIV infections.7,8

Knowledge about unsafe sexual behavior of HIV-
infected individuals is therefore crucial for the develop-
ment of specific interventions to reduce sexual HIV
transmission. Programs to promote safer sexual behavior
are effective and should be widely disseminated.9 How-
ever, there are a lack of data about sexual behavior in
HIV-infected individuals taking potent antiretroviral
therapy, especially in groups other than men having sex
with men.

We evaluated the sexual behavior of individuals in the
Swiss HIV Cohort Study (SHCS). In particular, we
looked for any association between unsafe sex and opti-
mal viral suppression.

METHODS

Patients

The SHCS is a prospective cohort study of individuals with HIV
infection who are aged 16 years or older.10 Patients are followed up
every 6 months at outpatient clinics in 5 university hospitals, 2 tertiary
care centers, and private practices that serve large groups of HIV-
infected individuals. On April 1, 2000, a new questionnaire was intro-
duced into the SHCS, with questions on protected or unprotected sexual
intercourse, type of partnership (stable partnership or occasional part-
ners), and known or unknown serostatus of a stable partner. Patients
were also asked whether they live alone, with relatives or partners, or
in institutions. Answers to these questions were voluntary and were
recorded on an anonymous form.

Our cross-sectional study included all participants in the SHCS who
responded for the first time to the new questionnaire over a period of
12 months after its introduction. During outpatient visits, patients were
asked about the following: a stable partnership or occasional partners
during the preceding 6 months; sexual intercourse with their partners;
use of condoms (always, occasionally, or never); and the HIV serosta-
tus of their stable partner. We defined “reported unsafe sex” as not
always using condoms when having sexual intercourse. We defined
“denied unsafe sex” as no partner, no sexual intercourse with their
partner, or always using condoms when having sexual intercourse. We
defined “possible unsafe sex” as neither reported nor denied unsafe sex.
We used these definitions to identify a possible reporting bias.

Clinical and demographic information, including gender, age, eth-
nicity, education, HIV transmission group, CDC stage, type of potent
antiretroviral therapy, and plasma HIV RNA concentration, was pro-
spectively collected within the framework of the SHCS. Plasma HIV
RNA level (viral load) was measured using the Roche Amplicor Moni-
tor assay (Roche Diagnostic, Basel, Switzerland), with the modification
for ultrasensitive detection.11 Optimal viral suppression was defined as
plasma HIV-1 RNA levels of <50 copies/mL at every cohort visit

during the 12 months that preceded the date the sexual behavior ques-
tionnaire was completed. Individuals were always told their viral load
test results at or after each biannual visit. Our primary hypothesis was
that self-reported unsafe sexual behavior would be more prevalent
among individuals with optimal viral suppression, because they would
perceive themselves as unlikely to infect a sexual partner.

Statistical Analysis

Statistical analysis was by logistic regression using SAS version 8.2.
Two response variables were modeled: the first was those individuals
who reported unsafe sex versus those who did not, and the second was
those who did not deny having unsafe sex versus those that did. The
following predictor variables were used in each model: gender, age,
ethnicity, education, HIV transmission group, and whether the respon-
dent had a stable partner known to be HIV positive, had occasional
partners, lived alone, had an AIDS-defining opportunistic illness (as
described in the CDC AIDS surveillance case definition12), had intake
of any antiretroviral therapy, and achieved optimal viral suppression.
Two statistics are presented. The evidence for an association between
a response and a predictor was assessed by a hypothesis test based on
the difference in the likelihood ratio between the full model and a
reduced model without that predictor. The nature of any association
between a response and a predictor was assessed by odds ratios (ORs).
Confidence intervals (CIs) for ORs were calculated using the profile
likelihood method.

RESULTS

On April 1, 2000, 4948 individuals were registered
and not known to have left the SHCS. Of these individu-
als, 4767 (96%) had at least one follow-up visit between
April 1, 2000, and March 31, 2001, and 4723 (95%)
responded to the sexual behavior questionnaire. The per-
centage of females, intravenous drug users, and individu-
als with only basic education was higher among those
individuals who did not respond than among those who
did respond (Table 1). Of those individuals who re-
sponded, 55% had a stable partnership and 19% had
occasional partners during the preceding 6 months, and
6% had both types of partners. Of those individuals with
stable partners, 82% reported sexual intercourse, and of
those reporting sexual intercourse, 76% said that they
always used condoms (Table 2). Of those individuals
with occasional partners, 87% reported sexual inter-
course, and of those reporting sexual intercourse, 86%
said that they always used condoms. Overall, 12% of the
individuals reported unsafe sex, 81% denied unsafe sex,
and the remaining 7% neither reported nor denied unsafe
sex (Table 3). Of those individuals who responded, 78%
received antiretroviral therapy, and 25% had optimal vi-
ral suppression with viral loads of <50 copies/mL during
the preceding 12 months (Table 1).

In multivariate analysis, reported unsafe sex was not
associated (P > 0.05) with optimal viral suppression,
antiretroviral therapy, diagnosis of an AIDS-defining
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disease, or education (Table 3). However, reported un-
safe sex was associated with gender, age, ethnicity, HIV
transmission group, HIV status of the stable partner, hav-
ing occasional partners, and living alone. After adjusting
for all other covariates, the OR for reported unsafe sex in
individuals with optimal viral suppression was 1.04
(95% CI, 0.81–1.33). Males (OR, 0.58; 95% CI, 0.45–
0.75), individuals aged 41 years or older (OR, 0.64; 95%
CI, 0.50–0.80), and individuals living alone (OR, 0.50;
95% CI, 0.39–0.64) were less likely to report unsafe sex.
Individuals from ethnic groups other than white (OR,
1.50; 95% CI, 1.07–2.08), intravenous drug users (OR,
1.73; 95% CI, 1.33–2.26), individuals with HIV-infected
partners (OR, 15.2; 95% CI, 12.1–19.1), and those with
occasional partners (OR, 4.04; 95% CI, 3.07–5.31) were
more likely to report unsafe sex.

With unsafe sex not denied as the response, there was
less evidence of associations with age and occasional
partners and more evidence of associations with educa-
tion and antiretroviral therapy (Table 3). Most ORs sug-
gest that the nature of any association was similar for
both responses. For both reported and not denied unsafe
sex, ORs were lower for individuals receiving antiretro-
viral therapy and for individuals with higher education.
However, ORs differed between the two responses for
men having sex with men and for those with occasional

partners. Compared with other HIV transmission groups,
men having sex with men were no more likely to report
unsafe sex (OR, 0.96; 95% CI, 0.71–1.31) but were more
likely to not deny unsafe sex (OR, 1.66; 95% CI, 1.32–
2.10). Individuals with occasional partners were more
likely to report unsafe sex (OR, 4.04; 95% CI, 3.07–5.31)
but were no more likely to not deny unsafe sex (OR,
1.18; 95% CI, 0.95–1.47).

We evaluated the interaction of gender and drug use
because female drug users may sell unsafe sex for drugs.
As a replacement for gender in the multivariate analysis,
female drug users were more likely to report unsafe sex
(OR, 2.12; 95% CI, 1.49–3.01) and not to deny unsafe
sex (OR, 1.71; 95% CI, 1.29–2.29). With this interaction
included, gender was then not associated with either
response.

DISCUSSION

In this study of a large, well-described HIV-infected
population, there was no evidence of an association be-
tween unsafe sexual behavior and optimal viral suppres-
sion. This is in contrast to other studies reporting in-
creased rates of unprotected sex among individuals
taking potent antiretroviral therapy13 and among those
with suppressed HIV RNA.14,15

This study showed that unsafe sexual behavior is rela-
tively uncommon in individuals of the SHCS compared
with other studies of HIV-positive or HIV-negative in-
dividuals.14,16 There is no evidence from this cohort
study to support the hypothesis that individuals taking
antiretroviral therapy and those with optimal viral sup-
pression are more likely to have unsafe sex. Other re-
searchers have found that safer sexual behavior is related
to adherence to antiretroviral therapy,17 and this suggests
that individuals who take care of themselves by adhering
to potent antiretroviral therapy are also more likely to
take care of others and protect them from infection.

We identified, however, additional factors that were
associated with unsafe sexual behavior. Individuals with
HIV-infected stable partners were more likely to report
unsafe sex. A number of experts still recommend safer
sexual behavior if both partners are HIV positive to

TABLE 2. Sexual behavior in the preceding 6 months for
individuals in the Swiss HIV Cohort Study

Type of
partnership

Sexual
intercourse,

N (%)

Always used
condoms,

N (%)

Stable partner (n � 2595) 2117 (82) 1602/2117 (76)
Occasional partners (n � 882) 771 (87) 664/771 (86)

TABLE 1. The Swiss HIV Cohort Study at April 1, 2000:
characteristics of those individuals who did and did not respond to

the sexual behavior questionnaire

Responders
(n � 4723)

Nonresponders
(n � 225)

Gender (%)
Male 70 64
Female 30 36

Age in y (%)
�30 11 13
31–40 49 51
�41 40 36

Ethnicity (%)
Other 10 9
White or unknown 90 91

Education (%)
Higher 67 53
Basic or unknown 33 47

HIV transmission group (%)
Male to male sex 35 19
IV drug use 28 48
Other or unknown 37 33

ART (%)
Yes 78 NA
No 22 NA

HIV RNA level always <50
copies/mL during previous
12 mo (%)

Yes 25 NA
No 75 NA

ART, antiretroviral therapy; NA, not applicable.
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avoid transmission of a resistant virus, but as yet there is
little evidence to support this recommendation.18 Intra-
venous drug users and females were also more likely to
report unsafe sexual behavior. Female drug users were
more likely to report unsafe sex and not to deny unsafe
sex, and when this factor was added into the multivariate
analysis, gender was then not associated with either re-
sponse. It could be that female drug users have difficulty
negotiating condom use or sell unsafe sex for drugs.19

Individuals of ethnic groups other than white were
more likely to report unsafe sex. In our data, the percent-
age of individuals with unknown ethnicity was high
(41%), but of those with unknown ethnicity, 93% gave
their nationality as a country in south or northwest Eu-
rope. This suggests that most individuals in the category
“white or unknown” were in fact white. Other investiga-

tors have found that ethnicity is associated with unpro-
tected sex in individuals with HIV infection20,21 and that
ethnic groups other than white may be at a higher risk of
acquiring HIV infection.22 There is evidence that in
high-income countries, HIV infection is moving into
poorer and more deprived communities, including ethnic
minorities.23

Men having sex with men were no more likely to
report unsafe sex but were more likely to not deny unsafe
sex. This suggests a reporting bias. A second reporting
bias is likely for questions on occasional partners. Most
of those individuals who neither reported nor denied un-
safe sex did not report occasional partners. Unsafe sex
with occasional partners is a concern since this behavior
may contribute to more rapid transmission of HIV infec-
tion. In several countries, the incidence of sexually trans-

TABLE 3. Association between demographic and treatment characteristics and unsafe sexual behavior in the Swiss HIV Cohort Study

Predictor

Unsafe sexual behavior, N

Adjusted OR (95% CI)†
Denied

(n � 3817)
Possible*
(n � 344)

Reported
(n � 562) Unsafe sex reported Unsafe sex not denied

Gender P < 0.01 P < 0.01
Male 2729 256 329 0.58 (0.45–0.75) 0.70 (0.57–0.86)
Female 1088 88 233 1.00 Reference 1.00 Reference

Age in y P < 0.01 P � 0.06
�30 383 38 75 0.89 (0.64–1.23) 0.98 (0.75–1.27)
31–40 1840 156 336 1.00 Reference 1.00 Reference
�41 1594 150 151 0.64 (0.50–0.80) 0.81 (0.68–0.97)

Ethnicity P � 0.02 P � 0.03
Other 359 34 81 1.50 (1.07–2.08) 1.34 (1.02–1.75)
White or unknown 3458 310 481 1.00 Reference 1.00 Reference

Education P < 0.25 P � 0.01
Higher 2599 217 349 0.88 (0.70–1.10) 0.79 (0.67–0.94)
Basic or unknown 1218 127 213 1.00 Reference 1.00 Reference

HIV transmission group P < 0.01 P < 0.01
Male to male 1346 160 156 0.96 (0.71–1.31) 1.66 (1.32–2.10)
IV drug use 1059 80 194 1.73 (1.33–2.26) 1.42 (1.15–1.76)
Other or unknown‡ 1412 104 212 1.00 Reference 1.00 Reference

HIV-infected partner P < 0.01 P < 0.01
Yes 289 32 296 15.19 (12.1–19.1) 6.78 (5.60–8.22)
No or unknown 3528 312 266 1.00 Reference 1.00 Reference

Occasional partners P < 0.01 P � 0.13
Yes 725 22 135 4.04 (3.07–5.31) 1.18 (0.95–1.47)
No or unknown 3092 322 427 1.00 Reference 1.00 Reference

Lives alone P < 0.01 P � 0.01
Yes 1695 159 117 0.50 (0.39–0.64) 0.79 (0.66–0.94)
No or unknown 2122 185 445 1.00 Reference 1.00 Reference

AIDS P � 0.81 P � 0.34
Yes 941 68 129 1.03 (0.80–1.32) 0.91 (0.75–1.10)
No or unknown 2876 276 433 1.00 Reference 1.00 Reference

ART P � 0.15 P < 0.01
Yes 3005 251 412 0.83 (0.65–1.07) 0.75 (0.62–0.91)
No 812 93 150 1.00 Reference 1.00 Reference

Optimal suppression§ P < 0.77 P � 0.31
Yes 937 89 133 1.04 (0.81–1.33) 1.10 (0.91–1.34)
No or unknown 2880 255 429 1.00 Reference 1.00 Reference

* Neither reported nor denied unsafe sex.
† Adjusted for all other predictors listed in the table.
‡ Heterosexual, 90.5%; other, 5.8%; unknown, 3.7%.
§ HIV RNA level always <50 copies/mL during the preceding 12 months.
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mitted diseases is increasing.24,25 In Switzerland, the
number of new cases of gonorrhea and chlamydial in-
fection reported each year increased between 2000 and
2002, from 5.8 to 7.4 and 32.2 to 43.3 per 100,000,
respectively.26 Some countries that have a stable or de-
creasing rate of HIV infection could therefore soon be
facing a new increase in the rate of HIV infection.

Our study has several limitations. First, information
about sexual behavior was self-reported, and patients
were interviewed by their physician or study nurse. Pa-
tients may have underreported unsafe sexual behavior
because they are expected to practice safe sex. Second,
we have no information on the number of partners, an
additional risk factor for unsafe sexual behavior.27 Third,
individuals who responded to the questionnaire were dif-
ferent from those who did not respond, which suggests
that this study may underestimate the prevalence of un-
safe sexual behavior. Fourth, participants in the SHCS
are intensively followed by the study centers and may
therefore not be representative of all HIV-infected pa-
tients in Switzerland or elsewhere. Again this suggests
that the study may underestimate the prevalence of un-
safe sexual behavior in the wider community.

However, the study has several strengths. First, we
considered not just reported unsafe sex but whether un-
safe sex was denied. This allowed us to explore to some
extent the possibility of reporting bias. Similar ORs were
seen for both responses, except for individuals with oc-
casional partners and for men having sex with men. Sec-
ond, we included in our modeling a total of 10 confound-
ing variables. Since these variables tend to be correlated
to some degree, missing variables such as the number of
partners are unlikely to affect estimates of the relation-
ship between unsafe sex and optimal viral suppression.
Third, although this study may underestimate the preva-
lence of unsafe sex, differences between those individu-
als who respond and those who do not and between those
in the cohort and those outside will not necessarily affect
estimates of the relationship between unsafe sex and op-
timal viral suppression. We achieved a very high re-
sponse rate (95%), which makes this cross-sectional
study highly representative for those in the SHCS.
Fourth, with such a large cohort, the power to detect
relevant differences is high.

CD4 cell count was not used in our analysis although
it is a measure of the success of antiretroviral therapy.
Sexual behavior is a concern because of its implications
for HIV transmission, and hence plasma HIV load is a
better measure of successful antiretroviral therapy be-
cause it is directly linked to HIV transmission and prob-
ably linked to the perceived risk of infectiousness.

In conclusion, the present study underlines the impor-
tance of epidemiologic data on sexual behavior in HIV-
infected populations. In the SHCS, 4 of 5 HIV-infected
individuals report safer sexual behavior with their part-
ners. Individuals receiving potent antiretroviral therapy
and those with optimal viral suppression do not seem
more likely to engage in unsafe sex. However, unsafe sex
is more likely in some subgroups of individuals with
HIV infection. Sexual health programs targeting these
subgroups should complement programs aimed at the
general population.
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