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Abstract This paper examines HIV risk behavior among
HIV-uninfected adults living with people taking antiretro-
viral therapy (ART) in Uganda. A prospective cohort of
455 HIV-uninfected non-spousal household members of
ART patients receiving home-based AIDS care was
enrolled. Sexual behavior, HIV risk perceptions, AIDS-
related anxiety, and the perception that AIDS is curable
were assessed at baseline, 6, 12 and 24 months. General-
ized linear mixture models were used to model risk
behavior over time and to identify behavioral correlates.
Overall, risky sex decreased from 29% at baseline to 15%
at 24-months. Among women, risky sex decreased from
31% at baseline to 10% at 6 months and 15% at 24 months.
Among men, risky sex decreased from 30% at baseline to
8% at 6 months and 13% at 24 months. Perceiving HIV/
AIDS as curable and lower AIDS-related anxiety were
independently associated with risky sex. No evidence of
behavioral disinhibition was observed. Concerns regarding
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behavioral disinhibition should not slow down efforts to
increase ART access in Africa.

Keywords Africa - Sexual behavior - Antiretroviral
therapy - Disinhibition - HIV-uninfected - Uganda

Introduction

With increasing access to antiretroviral therapy (ART)
globally (UNAIDS and World Health Organization 2005),
there is concern that HIV-uninfected individuals may
increase risky sexual behavior because they perceive HIV
to be a treatable disease (Abbas et al. 2006; Baggaley
et al. 2006; Cassell et al. 2006; Kennedy et al. 2007).
Sub-Saharan Africa, which accounts for more than 70% of
all HIV infections worldwide, is currently the major focus
of efforts to expand ART (Liden et al. 2005). However, the
association between availability of ART and the sexual
behavior of HIV-uninfected individuals on the continent is
not yet known.

Studies among men who have sex with men (MSM) in
industrialized countries indicate that increased sexual risk-
taking may be related to perceptions of decreased risk
coupled with perceived high effectiveness of ART and
perceived lowered severity of HIV (Huebner et al. 2004;
International Collaboration on HIV Optimism 2003;
Ostrow et al. 2002; Stolte et al. 2004). Such perceptions
might serve to justify continued or relapse of HIV risk-
behaviors as has been observed in some studies in the US
and Europe (Elford et al. 2002; Kelly et al. 1998; Osmond
et al. 2007). The construction of HIV/AIDS knowledge and
risk models is often dependent upon not only on what
people know about the virus, but also on what they believe
they know (Smith 2003; Vanable et al. 2000). Beliefs are
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sometimes inconsistent with accepted facts and can be
based on a rationale framed by perceptions derived from
personal and socio-cultural belief systems (Kalichman
et al. 1998; Lin et al. 2005).

Several studies have concentrated on evaluating sexual
risk behavior among individuals on ART (Bunnell et al.
2006; Crepaz et al. 2004; Dukers et al. 2001; Moatti et al.
2003). Information regarding the association between
ART-related perceptions and risk behavior among the lar-
ger population of HIV-uninfected individuals is limited. In
Uganda, a country where both sexual risk behavior and
HIV prevalence has declined (Mbulaiteye et al. 2002;
Stoneburner and Low-Beer 2004), modeling studies have
suggested that the current gains in prevention could be
threatened by increased risk behavior associated with
widespread use of ART (Gray et al. 2003). HIV-uninfected
household members of infected individuals on ART may
be at high risk for sexual disinhibition because of the
profound improvements in health they directly observe. In
this paper, we evaluate sexual risk behavior over 2 years of
follow-up for HIV-uninfected non-spousal adult household
members of ART patients in rural Uganda. Additionally,
we examine the relationship between perceived risk of HIV
infection, AIDS-related anxiety, and the perception of HIV
as a curable disease and reported high-risk sexual behavior
in this population.

Methods
Study Setting

Beginning in May 2003, we provided home-based ART to
clinically eligible HIV-infected clients of the Tororo
branch of The AIDS Support Organization (TASO), an
indigenous HIV care non-governmental organization in
Uganda. These patients were enrolled in the Home-Based
AIDS Care (HBAC) study, a three-arm, 3-year randomized
controlled trial that evaluated different methods of moni-
toring ART adherence (Weidle et al. 2006). All ART
patients received the same behavioral interventions (i.e.
group education, personal adherence and risk reduction
plans developed with trained counselors, a medicine
companion, and weekly home delivery of ART by trained
lay field officers). In addition, HIV-uninfected household
members were also enrolled and followed-up at 6, 12, and
24 months post-enrollment. We defined a household as
consisting of persons who shared food cooked at a common
hearth and slept in the same house or cluster of houses for
at least 5 days of a week for the preceding 3 months. We
offered household members home-based VCT at baseline
and at annual follow-up visits and provided basic medical
treatment, including treatment for malaria, diarrhea, and

tuberculosis through the study clinic at Tororo District
Hospital. Details of the VCT intervention are described
elsewhere (Were et al. 2006).

Study Design

In this analysis, we examine the sexual risk behavior of
HIV-uninfected household members of ART patients as a
prospective cohort study. Informed consent to participate in
the study was obtained from each participant in English or
one of the six local languages.

Study Subjects

Participants in this analysis were non-spousal household
members of ART-naive adults who initiated ART in the
HBAC study, were 18-69 years old, and HIV seronegative
at baseline VCT. We excluded HIV-uninfected household
members who were spouses of ART patients since they
participated in more extensive risk reduction interventions
than did other household members.

Measurements

At enrollment and at 6, 12, and 24 months, study coun-
selors conducted private structured interviews with
household members in their homes. Interviewers and par-
ticipants were matched by ethnic background. Face-to-face
interviews included questions regarding participant demo-
graphics, desire for children, beliefs and perceptions about
one’s personal risk of HIV infection and sexual risk
behavior. Interviewers made three visits to try to locate
household members before being declared unavailable. We
excluded participants from further follow-up at the point of
death of the household member receiving ART because
members of these households might no longer be compa-
rable to members of households where ART patients had
not died.

Our primary predictor variables were standard demo-
graphic variables and participants’ perceptions and
attitudes about HIV and AIDS. Demographic variables
collected at baseline included sex, age, religion, main
source of income, education, relationship to the household
ART patient and marital status. Income was categorized as
“trade” for all forms of activity that created income,
“salary” for wage and salaried employment, “farming” for
agricultural farming and “dependent” for those who
reported receiving money from others as their main source
of income. As a measure of AIDS-related anxiety, we
asked participants whether they felt worried about getting
HIV and about having HIV/AIDS (1 = hardly worried,
2 = a little bit worried, 3 = worried, 4 = extremely wor-
ried). For multivariate analyses, these two questions were
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combined into a single dichotomous variable: worried (3 or
4 for both questions) and lower degree of worry. Clients
were also asked whether they perceived HIV/AIDS to be
curable, whether people taking ART can transmit HIV if
they have sex without a condom, and the likelihood of
someone with HIV passing it on to them through sex.
Our primary outcome variable was risky sexual behav-
ior. Using a matrix, we asked participants about their
sexual activity including number and type of sexual part-
ners, partner HIV status and behaviors with each partner
including frequency of sex and condom use for the previ-
ous 3 months. We obtained partner-specific frequency of
condom use for the previous 3 months as “always”,
“sometimes”, or “never.” Participants provided each
sexual partner’s HIV serostatus (tested positive, negative,
unknown) and type of partner (spouse, steady, or casual
partner). A casual partner was someone the participant had
met once or very infrequently, a steady partner was
someone that the participant had sex with regularly over an
extended period. We defined risky sex as intercourse with
inconsistent condom use with an HIV-infected partner or a
partner of unknown serostatus during the prior 3 months.

Interventions

At enrollment and annually, we offered home-based VCT
to adult household members of adults receiving ART. Prior
to the baseline VCT, all adult household members received
a group education session focused on HIV prevention and
care, including ART. We provided follow-up VCT using a
team of study counselors separate from those who admin-
istered survey modules. All counselors underwent
extensive training and were proficient in at least one of the
six local languages.

Statistical Methods

We double-entered questionnaire data using Epi-Info 2002
for windows version 3 (CDC, Atlanta, GA, USA) and
conducted analyses using SAS/STAT® software version
9.1.3 Service Pack 3 (SAS Institute Inc., Cary, North
Carolina, USA). We compared baseline demographic and
socio-behavioral characteristics between men and women
using the Chi-squared tests for categorical variables and the
Wilcoxon rank sum test for continuous variables. We
examined potential predictors of risky sexual behavior
using bivariate analyses. To evaluate the potential for
attrition bias related to the death of the index household
member on the observed trends of HIV risk behavior over
time, we employed a generalized linear mixture model
(Fitzmaurice and Laird 2000). This model was based on a
marginal regression model using generalized estimating
equations (Zeger et al. 1988) to model sexual risk behavior,
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and a pattern mixture model to model non-ignorable drop-
outs (Little 1995). A binary indicator variable was created
to identify participants who were not followed-up due to
the death of the household ART patient. Perceived risk of
HIV infection, AIDS-related anxiety and perceiving HIV
as curable were modeled as time-varying variables. We
adjusted all models for age, gender, education, income,
desire for children, relationship to the household ART
patient and randomization arm of the index participant.
Only statistically significant (P < 0.05) variables from the
bivariate analysis were included in the final model.

Results

The 987 adult participants in HBAC who began ART had
455 HIV-uninfected non-spousal adult household members
who enrolled at baseline (Table 1). Of these 455 household
members, we excluded 60 (13%) at 6 months, 44 (10%) at
12 months and 8 (2%) at 24 months from behavioral fol-
low-up because of the death of the household member on
ART. One (<1%) household member died prior to the
6-month follow-up. Thirty-nine (8%) at 12 months and 12
(3%) at 24 months could not be traced as they had moved
to locations outside study area, 21 (5%) declined follow-up
participation at the 24-month follow-up. Those who were
lost to follow-up did not differ from those who had com-
pleted follow-up with regard to baseline demographic and
risk perception variables (Table 1) or risky sex at baseline
(data not shown). Of the original 455 household members,
273 (60%) were women and 237 (52%) were married or
co-habiting with their partner. The median age at enroll-
ment was 40 years (interquartile range [IQR], 22-55 years)
for women and 24 years (IQR, 20—40 years) for men. Of
455 HIV-uninfected household members, 38% were adult
children of ART patients, 31% siblings, 10% parents, and
21% other relatives living in the same household. Two
hundred twenty-three (49%) HIV-uninfected household
members reported a desire for children at baseline; the
proportion decreased gradually over the follow-up period,
to 30% at 24 months (chi-square for trend 32.3,
P < 0.0001). Only 26% of participants had education
beyond primary school.

Of all HIV-uninfected adults at baseline, 36% reported
lower AIDS-related anxiety; 4% stated that people on ART
could not transmit HIV if they had sex without a condom;
and 4% did not perceive themselves to be at risk of
acquiring HIV (Table 1). There were no significant dif-
ferences in these variables either between baseline and
subsequent follow-up visits or between men and women
(P > 0.05). The proportion of participants who reported
lower AIDS-related anxiety decreased to 23% after
6 months and 26% at 12 months, but subsequently
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Table 1 Characteristics of HIV-uninfected adult household members of patients receiving antiretroviral therapy (ART) in rural Uganda
Variables Baseline 6 Months 12 Months 24 Months
(n = 455)* (n = 394) (n =311) (n = 270)
Median age in years (IQR) 31 (21-54) 32 (20-55) 34 (20-55) 35 (20-56)
Gender: Female (%) 60 61 62 61
Education (%)
None 22 22 24 21
Primary 52 51 50 54
Post primary 26 26 26 25
Marital status (%)
Single/separated 37 32 33 31
Widowed 11 13 13 12
Married/co-habiting 52 55 54 57
Main source of income (%)
Farming 42 39 37 37
Wages & salaries 10 8 10 7
Trade 23 20 21 21
Dependent on others 26 33 33 35
Religion (%)
Catholics 45 48 46 46
Protestants 33 32 33 34
Other religions 22 21 21 20
Mean number of living children (SD) 3(3) 3(3) 3 (3) 4 (3)
Desires children (%) 49 32 33 30
Relationship to HIV-infected person on ART (%)
Parent 10 10 8 9
Biological child 38 38 37 37
Sibling 31 34 37 34
Other relative” 21 18 18 20
Lower AIDS-related anxiety (%) 36 23 26 36
AIDS is curable disease (%) 8 4 3 1
Perceived being at risk of getting HIV (%) 96 97 98 95
People on ART could transmit HIV (%) 96 98 98 98

IOR Interquartile range, SD standard deviation

? After the death of the index ART patient in the household, participants were dropped from further follow-up. Thus, the n’s decreased overtime
as data collection was discontinued for the households without an ART patient

® Other relative included step-parents, step-children, step-brothers/sisters, nephew/niece, uncle/aunt, brother/sister in-law, mother/father in-law,

co-wife and cousin

increased to 36% at 24 months. Belief that AIDS is curable
decreased from 8% at baseline to 4% after 6 months, 3% at
12 months, and 1% at 24 months (chi-square for trend
20.0, P < 0.0001).

Fifty-two percent of participants reported at baseline
that they had had sexual intercourse in the past 3 months.
Men were more likely to be sexually active than women
(60% of men vs. 47% of women, P < 0.001). Of the 236
sexually active participants, 73 (31%) had had risky sex in
the past 3 months; the proportion among men and women
was the same. During follow-up, the proportion of unin-
fected adult household members who reported having had

risky sex in the prior 3 months was: 15 (9%) of 165 (8% of
men vs. 10% of women) at 6 months, 21 (16%) of 132
(20% of men vs. 12% of women) at 12 months, and 15
(14%) of 105 (13% of men vs. 15% of women) at
24 months (Fig. 1). There was not a significant
visit x gender interaction effect, indicating that risky sex
did not vary by gender over time (P > 0.15).

The likelihood of reporting risky sex over time was not
associated with any demographic characteristic (Table 2).
When perceived risk related covariates were included in
the model, perception of HIV risk and perceiving that
people receiving ART could not transmit HIV if they had
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Fig. 1 Sexual behavior reported over 24 months of follow-up among
sexually active HIV-uninfected household members of antiretroviral
therapy (ART) patients by sex

sex without a condom were not related to risky sex.
However, perceiving HIV/AIDS as a curable disease
(adjusted odds ratio [AOR] 1.52, 95% confidence intervals
[CI] 1.02-2.92, P < 0.05) and lower AIDS-related anxiety
(AOR 0.43, 95% CI 0.22-0.76, P < 0.01) were indepen-
dently associated with risky sex. There were no significant
differences in risk behavior by randomization arm.

Of the 455 HIV-uninfected adult non-spousal household
members at enrollment, six (four women and two men)
experienced HIV-antibody seroconversion by the 24-month
follow-up visit. Their median age was 36 years, four were
siblings of an ART patient in the household, and none had
education beyond primary school. At enrollment through to
seroconversion, five participants reported being in polyg-
amous marriages, four with spouses of unknown HIV
status. The sixth had been previously married, widowed
and separated. Prior to seroconversion, five consistently
reported never having used a condom, and three of these
consistently reported lower AIDS-related anxiety.

Discussion

We found that sexual risk behavior did not increase beyond
that reported at baseline when ART was provided with
concurrent VCT and HIV prevention counseling among
HIV-uninfected adult household members of ART patients
in rural Uganda. The group may have been at high risk of
sexual disinhibition due to ART optimism derived from
observing the positive impact of ART on the household
index participant. This observation would suggest that
widespread availability of ART may not lead to increased
sexual risk behavior among HIV-uninfected persons in
rural African settings (Crepaz et al. 2004; Gray et al. 2003)
who are provided with VCT and HIV prevention coun-
seling. Among participants, irrespective of age, risky sex
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initially decreased and thereafter remained steady among
women and men, but did not exceed baseline levels at any
point during the 2-year follow-up. These findings are
consistent with those of Bunnell et al (2006, 2008) and
provide initial evidence that within the context of regular
counseling, provision of VCT and prevention education,
gains arising out of the preventive effects of home-based
ART are unlikely to be offset by sexual disinhibition.

Consistent with data from HIV-uninfected MSM popu-
lations in the US and Europe (Huebner et al. 2004;
International Collaboration on HIV Optimism 2003;
Vanable et al. 2000), we found that risky sex was associ-
ated with feeling that AIDS is a curable disease and a lower
AIDS-related anxiety. However, at no time during the
follow-up did the prevalence of risky sex in the prior
3 months exceed that at baseline. This suggests that, while
these variables did predict risky sex, they were uncommon
in the study group. There are no data available on the
prevalence of these perceptions in the general population.
Although, we didn’t specifically evaluate the added value
of VCT and HIV prevention counseling offered to the
participants, they are likely to be beneficial and may be
suggestive of a need for continued counseling emphasizing
that being on ART is not easy, that there are still many side
effects and one’s quality of life is still diminished despite
the fact they live longer, and that uninfected household
members of ART patients should maintain lower risk
behavior.

Studies with HIV-uninfected MSM in industrialized
countries report conflicting evidence about the association
of ART availability and HIV risk behavior (Elford et al.
2002; Huebner et al. 2004; International Collaboration on
HIV Optimism 2003; Kalichman et al. 1998; Ostrow et al.
2002; Van et al. 1999. Some have demonstrated that
treatment optimism is associated with risky sexual behav-
iors (Huebner et al. 2004; Ostrow et al. 2002). In contrast, a
multi-site study conducted between January and December
2000 by the International Collaboration on HIV Optimism
showed significantly lower rates of risky sex among HIV-
uninfected MSM (International Collaboration on HIV
Optimism 2003). Also, the overall reported decrease in
risky sex among HIV-uninfected individuals in our study
approximates the observed reductions in risk behavior
reported in a recent systematic review evaluating the
interplay of the availability of ART and HIV risk behavior
in developing countries (Kennedy et al. 2007). Moreover,
integrated ART and prevention programs have been asso-
ciated with significant decreases in HIV transmission risk
among ART patients living in these households (Bunnell
et al. 2006; Bunnell et al. 2008).

Our study had a number of limitations. First, home-
based VCT was offered as part of the intervention and the
participants were indirectly exposed to the enhanced risk
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Table 2 Factors associated with unprotected sex with a known HIV positive or unknown status partner among HIV-uninfected adult household
members of patients receiving antiretroviral therapy (ART) during 24 months of follow-up in rural Uganda

Variable Level Type III test ~ Unadjusted Adjusted
(df, %)
OR 95% CI OR 95% CI
Visit Baseline (referent) 3,61.99 - - - -
6-Month 0.31%**  (0.22-0.39 0.47***%  0.33-0.67
12-Month 0.34***%  (0.20-0.53 0.61%* 0.40-0.92
24-Month 0.20%**  0.10-0.42 0.32%**%  (0.18-0.57
Gender Male 1, 2.88 1.17 0.85-1.61
Female (referent) - -
Marital status Not married 1,0.11 0.97 0.53-1.72
Married/co-habiting (referent) - -
Age in years <30 (referent) 1, 3.65 - -
>30 1.17 0.86-1.60
Education None 2, 8.49 1.22 0.77-1.93
Primary 1.00 0.67-1.50
Post primary (referent) - -
Main source of income Farming (referent) 3,9.21 - -
Wages and salaries 1.13 0.66-1.93
Trade 0.80 0.51-1.26
Dependent on others 0.97 0.66-1.44
Relationship to the HIV+ Parent 3,0.18 1.91 0.84-4.32
Sibling 1.20 0.62-2.33
Biological child 1.48 0.79-2.78
Other relative (referent) - -
Desires children Yes 1, 33.63 2.98* 2.13-4.16 2.60* 1.79-3.85
No (referent) - - - -
AIDS a curable disease Yes 1, 4.27 2.11% 1.19-3.74 1.52* 1.02-2.92
No (referent) - - - -
AIDS-related anxiety Yes (referent) - - - -
No 1,433 0.59%* 0.31-0.82 0.43* 0.22-0.76
Perception of risk Yes (referent) - -
No 1,6.32 1.23 0.92-2.54
People on ART could transmit HIV Yes (referent) - -
No 1, 0.11 0.80 0.59-1.02
LFU by visit interaction LFU x Baseline (referent) 3,0.12 - - - -
LFU x 6-month 0.85 0.27-2.67 0.98 0.21-4.64
LFU x 12-month 0.78 0.16-3.80 0.73 0.16-3.43
LFU x 24-month 1.09 0.08-15.58 0.48 0.10-11.68
LFU by AIDS-related anxiety interaction LFU x AIDS-related anxiety 1,0.76 1.73 0.47-6.37 0.80 0.23-2.92
LFU by AIDS is curable interaction LFU x AIDS is curable 1, 0.17 1.44 0.26-7.96 0.78 0.12-4.88
LFU by Desire for children interaction LFU x desire for children 1, 3.65 1.67 0.69-4.05 0.66 0.29-1.53

LFU Lost to follow-up due to death of Index, OR odds ratio; 95% CI 95% wald confidence interval

* P <0.05; ** P <0.01; #* P <0.001

reduction counseling received by the ART patients and
their uninfected spouses in the household; this may have
influenced the reported sexual behavior, perhaps limiting
the generalizability of the findings. Second, our findings
are based on self-reported sexual behavior, which has been
shown to be biased in some settings (Schroder et al. 2003).

Third, study counselors who provided baseline VCT also
interviewed participants to collect sexual behavior infor-
mation. This may have led to under-reporting of risky sex
by participants due to social desirability. However, coun-
selors were trained to minimize bias by using non-
judgmental approaches, and the two men and four women
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who seroconverted during the course of the study reported
inconsistent condom use and multiple partners, providing
evidence that self-report may be reliable in this popula-
tion. Fourth, we decided a-priori to discontinue follow-up
for participants whose household member on ART died or
relocated. We believe that these events would have
constituted an additional and profound intervention effect
and may have led to systematic bias. Additionally, a
proportion of participants left the study catchment area to
get married, trade or seek employment in other areas.
However, we did not experience differential loss-to-
follow-up with respect to the demographic variables, risk
perception, AIDS-related anxiety or HIV sexual risk
behavior. Moreover, one might speculate that those who
were dropped from follow-up due to the death of the ART
patient in the household might decrease their risk
behavior, at least for some duration, because of their
observations of their family member’s suffering and
eventual death. However, the pattern mixture model
revealed no systematic attrition bias.

This study provides data on HIV sexual risk behavior
among HIV-uninfected adults who have directly observed
the medical benefits of ART within their households. Small
changes in population-level risk behavior indirectly asso-
ciated with ART are likely to be more important
determinants of the epidemic’s course than are changes
among those receiving treatment (Crepaz et al. 2004).
While sexual disinhibition may still occur among HIV-
uninfected individuals in other settings where the levels of
counseling and VCT that we provided in our study are not
available, these data may alleviate some of the concerns
about the potential for sexual disinhibition in an era of
ART expansion, albeit in a study environment.
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