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Abstract
Depression is highly comorbid with HIV and may contribute to increased sexual transmission risk
behavior (TRB) amongst HIV-infected MSM, the largest risk group for HIV in the U.S. However,
examinations of this effect are inconsistent. The present longitudinal analyses of 746 HIV-infected
MSM is from a multi-site “prevention for positives” study. A non-linear association between
depression and TRB emerged. Moderate levels of depression (compared to either low or high
levels) were associated with a more modest decline in the odds of sexual risk behavior over 12-
month follow-up. Assessing depression in HIV primary care settings may help to identify those at
risk and integrating the treatment of depression in to secondary prevention and treatment
initiatives may decrease the likelihood of sexual risk and help to contain the epidemic among
MSM.
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INTRODUCTION
Gay, bisexual, and other men who have sex with men (MSM) are the group most heavily
affected by HIV/AIDS in the United States [1]. The most recent surveillance data revealed
that MSM accounted for 62% of all new HIV/AIDS diagnoses in the United States in 2011,
and this group represents approximately half of all individuals living with HIV/AIDS in the
United States despite representing approximately 4% of the population. In the absence of a
vaccine or other bio-medical approach that durably prevents HIV acquisition, it continues to
be important to identify risk factors that can be addressed through behavioral interventions.
Although recent findings suggest that primary chemoprophylaxis [2] and treatment as
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The predicted probability estimates were calculated by applying the following formula φ= eηij/1 + eηij (where φ is the predicted
probability, and ηij is the predicted log odds solving the for the equation γ00 + γ01 + γ11*(Depression Dummy Code 1) +
γ12*(Depression Dummy Code 2) + γ13*(treatment condition)+ γ14*(Age) + γ15*(race/ethnicity) + μ1, with time (γ11) equal to 6
month and 12 months respectively and holding the other covariates constant.
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prevention [3] can decrease HIV transmission, antiretroviral treatment is not a substitute for
the promotion of safer sexual practices.

Depression is one of the most frequently occurring comorbidities in HIV-infected patients
[4] and may potentiate sexual risk among MSM. Examinations of this effect, however, have
produced inconsistent results with some studies reporting increased rates of risky sex in
depressed MSM, and others reporting no differences in risk [5]. One potential explanation
for equivocal findings for the association between depression and sexual risk behavior is that
the association may be non-linear. In fact, a longitudinal analysis of 4295 HIV-negative
MSM found that men with moderate levels of depression were more likely to acquire HIV
during the course of the study compared to those with low or high depression, while
controlling for a variety of other risk factors [6]. These authors hypothesized that MSM with
moderate levels of depression may be less likely to seek treatment for their depressive
symptoms than those with more severe depression, thus accounting for the increase in risk
behavior.

Alternatively, the presence of depressive symptoms may reduce an individual’s motivation
to engage in self-care and thus increase the likelihood of risk behavior [7]. However,
individuals with more severe depressive symptomatology tend to experience the more
debilitating neurovegetative symptoms of depression, including fatigue, social isolation, and
loss of interest in sex. The presence of these neurovegetative symptoms at higher levels of
depression may actually reduce the likelihood of engaging in risk behaviors. Accordingly, a
non-linear relationship may better describe the association between depression and risk for
HIV, as evidence suggests in HIV-uninfected MSM [6]. This effect, however, remains to be
examined in a sample of HIV-infected MSM.

The purpose of the current study was to examine both potential linear and non-linear
associations between depression and sexual risk in a large sample of HIV-infected MSM.
Based on the existing literature, it was hypothesized that the linear relationship between
depression and transmission risk behavior (TRB; unprotected anal or vaginal sex with
negative or unknown status partners) over time would not be significant but that a
significant non-linear relationship between depression and sexual risk behavior would
emerge, such that depression would be more strongly linked to risky sexual behavior in
HIV-infected MSM with moderate levels of depression than those with low or high levels of
depression.

METHODS
Participants

Participants were HIV+ MSM from a “prevention for positives” trial of sexual risk reduction
interventions for HIV+ men and women across 15different intervention sites in the United
States (See Myers et al. [8] for more details). MSM were included in the current analyses
from all sites that assessed for depression using continuous measures, resulting in 746 HIV+
MSM from six sites. Across these six sites, 56.6% were enrolled in an active treatment arm,
and the mean age of the sample was 41.9 (SD = 8.5). The majority of this sub-sample was
White (63.3%), followed by African American (23.4%), Hispanic/Latino (9.9%), and Other
(3.4%), which was comparable to the racial/ethnic distribution of the MSM across all 15
sites [9].

O’Cleirigh et al. Page 2

AIDS Behav. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Measures
Demographic Characteristics—Age, education level, and race/ethnicity were assessed
via self-report. For full description of demographic characteristics of the sample, see Myers
et al. [8].

Depression Measures—Different measures of depressive symptoms were used across
the 6 study sites included in this analysis. The Center for Epidemiologic Studies Depression
Scale (CES-D) was used at two sites and is a reliable measure for assessing depressive
symptoms across racial, gender, and age categories [10, 11] with good internal consistency
and construct validity [12]. One site used an abbreviated CES-D measure (three items
assessing depression, sadness and loneliness on a 4-point scale). The possible scores ranged
from 0–12. One site utilized the Depression subscale of the Profile of Mood States (POMS),
which is a 65-item survey divided into six factor-derived subscales: vigor, tension, fatigue,
confusion, anger, and depression (Cronbach's alpha = .91) [13]. One site used the Patient
Health Questionnaire (PHQ) to assess depressive symptoms. The 9 –items of the PHQ were
scored and totaled according to the standardized procedures [14]. One site used the Beck
Depression Inventory (BDI), which is a 21-item measure of depressive symptoms using a
four point likert scale (total score range is 0 to 63) [15].

Depression Variable—Those items that assessed the physical symptoms of depression
(i.e., fatigue, appetite, sleep. loss of interest in sex) were removed to avoid overlap with
symptoms of advancing HIV. The total affective/cognitive depression scores for each site
were standardized separately using z-score transformation in order to be comparable across
sites. Transformed variables were combined into a single aggregate measure of depression,
and all subsequent analyses were conducted using this aggregate measure. This method for
integrating measures from different distributions has been broadly recommended in
behavioral research [16 17] and specifically for comparing across different measures and
distributions [18]. The resulting variable had a mean of −.018 and a standard deviation of .
98 indicating that the resulting variable closely approximated the standard deviation scores.
To examine the linear effect of depression, on change in sexual risk over time this
continuous measure was used. In order to examine the non-linear effect of depression on
sexual risk behavior the continuous depression variable was categorized according to
quartiles. Two dummy coded variables were created identifying low depression (lowest
quartile), high depression (highest quartile) with moderate depression (the 2nd and 3rd
quartiles) as the reference category. Categorization according to clinical severity cutoffs was
not feasible as two of the study sites used measures of depression that do not have published
clinical cutoffs. Further, clinical categorization is problematic because of the marked
disparity across scales in the classification of depression severity [19]. Nevertheless, four of
the sites utilized depression measures with published clinical cut off scores [10, 11, 14, 15]
which allows for a general clinical description of the moderate depression category. Within
the moderate depression category the range of BDI scores was 6 – 20 with 62.7% of the
scores falling in the BDI “mild” range. For the two sites that used the CES-D the range of
raw scores was 11–25 with 69.6% of scores less than16 (the CES-D cutoff for major
depression). For the PHQ9 the range of scores was 2 – 17 with 90.5% of scores less than 15,
the cutoff for major depression. These findings suggest that the moderate depression
category performs well by including relatively few participants at or above the highest
clinical cutoffs (e.g., serious depression, major depression7 severe), although, performs less
well by including more participants at or below the lower clinical cutoffs (e.g., minimal
depression).

Sexual Risk for HIV Transmission. This variable was assessed by self-report and assessed
unprotected anal or vaginal intercourse in the three months prior to each assessment point
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with serodiscordant partners (HIV-uninfected or HIV status unknown). A dichotomous
variable was created to indicate whether or not participants had engaged in unprotected anal
or vaginal intercourse with serodiscordant partners in the previous three months (0 = no risk;
1 = HIV transmission risk).

Analyses
Analyses were conducted using Hierarchical Linear Modeling (HLM) [20]. HLM is well-
suited for longitudinal analyses of slopes of change in an outcome variable (i.e., log odds of
sexual risk behavior), and it allows for more reliable parameter estimates of the relationship
between depression and change in log odds of sexual risk. Level 2 covariates included
participant age, race/ethnicity, and treatment condition. The structure of the HLM models is
provided by the following equations:

Level 1 Model

ProbYti (Y = 1/b) = βti

Log[βti/(1− β)] = β0i + βti*(Time)+ ℮

Level-2 Model

β0i (intercept) = γ00 + μ0

βti (slope) = γ01 + γ11*(Depression) + γ12*(treatment condition) + γ13*(Age) + γ14*(race/ethnicity) +
μ1.

Full maximum likelihood estimation was used to model frequency of unprotected sex as the
dependent variable. A Bernoulli distribution was used in estimating the odds of unprotected
sex as this technique helps to account for deviations from normality in dichotomous
outcome variables and an over-preponderance of cases with values of zero. Estimates are
from the population-average model using robust standard errors. All continuous variables in
the model were centered around their mean and dichotomous variables were coded 0/1 to
facilitate model interpretation. Time (months since baseline) provided the structure of the
Level 1 model (0, 6, 12) with the presence or absence of sexual transmission risk as the
outcome. This use of HLM is consistent with our previous work in HIV patient samples
using Level 2 predictors to account for change in repeated measures, time structured, Level
1 data [21–23]. In order to facilitate the interpretation of the results, the log odds slope
estimates were transformed back into predicted probabilities (i.e. the predicted proportion of
the sample with sexual transmission risk)

RESULTS
Initially, an unconstrained model (without Level 2 predictors or covariates) was run to
estimate the slope of the odds of sexual risk over time for the entire sample and to confirm
the presence of individual variability in the slope.

There was a significant decrease in the odds of HIV sexual transmission risk for the sample
as a whole (OR = .94; 95% CI: .93 – .95, df = 745, p< .001) per month between baseline and
12-month follow-up. There was also significant variability about the slope of sexual risk (χ2

= 2212.36, df = 745, p< .001), indicating the existence of unexplained variance in
decreasing sexual risk over time that may be accounted for by predictors (i.e., depression) in
the Level 2 model. Next, the Level 2 model was specified examining the linear effects of

O’Cleirigh et al. Page 4

AIDS Behav. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



depression that included the continuous measure of depression and three covariates in order
to control for potential differences in the change in predicted probability of sexual risk over
time due to age, race/ethnicity, and receiving a sexual risk reduction intervention.

Depression did not significantly alter the change in odds of sexual risk over time (OR =
1.00; 95% CI: .98 – 1.01, df = 741, p = .66). Older age was associated with a significant
reduction in the odds of sexual risk over time (OR = .99; 95% CI: .996 – .999, df = 741, p
= .004). Neither race/ethnicity nor receiving treatment was associated with significant
changes in the odds of sexual risk. For a comprehensive presentation of the treatment effects
across all 15 study sites, including site-specific treatment effects, see Myers et al. [8].

The non-linear effects of depression were examined by replacing the continuous measure of
depression with two dummy coded variables, as described above, in the Level 2 model. The
decrease per month in the odds of sexual risk for those with moderate depression was
significant (OR = .95: 95% CI: .93 – .98. df = 740, p < .001). The additional decrease in the
odds of sexual risk associated with low depression (OR = .97: 95% CI: .94 – .99. df = 740,
p< .05) was also significant (over and above the effects of the moderate depression reference
category). Similarly, the additional decrease in the odds of sexual risk associated with high
depression was also significant (OR = .97: 95% CI: .96 – .98. df = 740, p< .05). In the HLM
equation change for the low (or high) depression group is estimated as an increment to the
moderate depression. For this reason the odds ratios are not comparable but rather are
additive. As these HLM models provide tests of the significances of the differences in the
change in HIV sexual transmission risk over time for the low and high depression groups
over and above the moderate depression group these are significance tests for the differences
in slope of the odds of sexual risk. Therefore, over the course of 12 months of follow up
HIV-infected MSM with moderate levels of depression experienced significantly less
decline in the odds of HIV sexual transmission risk compared to those with either low
depression or high depression.

The odds for the low (and high) depression group reflect the additional change in slope over
and above the change for the moderate depression group. The odds for the separate levels of
depression were used with the HLM equations to calculate predicted probabilities of HIV
sexual transmission risk behavior to illustrate the relative differences in slope estimates as
the predicted probabilities are directly comparable across depression categories. For the
moderate depression group decreasing 6 and 12 month predicted probabilities were 0.245
and 0.188 respectively. For those low in depression the predicted probability of sexual risk
at 6 and 12 months was 0.203 and 0.104 respectively. Similarly for those with high
depression the predicted probability of sexual risk at 6 and 12 months was 0.210 and 0.120
respectively. These are presented in Table 1 with their significance tests and are represented
graphically in Figure 1.

The relative differences in the odds of sexual risk over time between those with low
depression and those with high depression was tested using alternate dummy codes and they
did not differ significantly (OR = .996: 95% CI: .97 – 1.02. df = 740, p=76). The pattern or
significances of these results did not change when an additional categorical covariate, coded
to identify each of the 6 study sites, was added to the Level 2 model.

DISCUSSION
The current study reports on the relationship between depression and HIV sexual
transmission risk from 6 of 15 sites that assessed continuous measures of depression in
HIVinfected MSM enrolled in a multisite “prevention for positives” intervention across the
United States [8]. Moderate levels of depression were associated with significantly less
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decrease in the odds of sexual transmission risk for HIV over 12 month follow up compared
to those with either low depression scores or high depression scores. The linear effect of
depression was not significantly related to the slope of change in odds of sexual risk. This is
the first study to show this effect for moderate levels of depression on sexual risk in HIV-
infected MSM. As MSM enrolled in this “prevention for positives” study reported
significantly higher rates of sexual risk behavior compared to heterosexual participants [9]
the identification of significant predictors of sexual risk amongst in this group is particularly
relevant.

Our finding that moderate levels of depression are associated with less improvement over
time in the odds of engaging in sexual risk in HIV-infected MSM is consistent with a
previous finding in HIV-uninfected MSM [6]. It is plausible that MSM may be engaging in
higher levels of sexual behavior to cope with moderate levels of depressive symptoms where
as MSM with higher levels of depression may be suffering severe depression-related
impairment (e.g., loss of interest in sex) that impact the frequency of both anal intercourse
and unprotected anal intercourse. The association between moderate levels of depression
and higher levels of risk over time helps to shed light on equivocal findings for the
association between these two variables in the literature [5]. Future research should consider
whether the processes by which depression leads to sexual risk function similarly in both
HIV-infected and HIV-uninfected MSM. If this is the case, then similar intervention
strategies to reduce depression and sexual risk may be efficacious in both populations.

Moreover, recent evidence identifies depression amongst MSM as only one of a number of
overlapping (i.e., syndemic) risk factors that function synergistically to increase sexual risk
and other health risk behaviors [24] As we now understand that these multiple
symptomatology patterns and psychosocial stressors interact to confer increased risk,
clinical interventions and future treatment development work with this population must
consider multiple influences on health risk behavior. Mental health treatment priorities in
this vulnerable patient population should begin to address depression and other mental
health problems in the context of these myriad overlapping risk factors, including (but not
limited to) trauma history, intimate partner violence, and alcohol and substance use.

These results are best interpreted within the context of methodological limitations to the
design of the current study. Although the measures of depression used at each of the six sites
included in this analysis are commonly reported in studies with HIV-infected individuals,
the measures of depressive symptoms were not consistent across all sites. Although the
individual measures were aggregated through z-score transformations in order to use all
available data, these differing measures have varying psychometric properties and may
represent variations of the same construct. It is not possible, within the context of the
longitudinal design, to specify causality in the relationship between moderate levels of
depression and sexual risk. The intervention sites differed in terms of the populations they
served, and we were therefore unable to compare the effect of depression on sexual risk
across sites. We acknowledge that there are limitations to using a dummy codes to examine
the non-linear relationship between depression and HIV sexual transmission risk and that
this method was selected over the use of quadratic transformation in the HLM models. Our
hypotheses were based, in part, on previous research that distinguished moderate levels of
depression from other levels of depression using categorical variables and our approach is
broadly consistent with that approach [6]. In addition, the categorization of the standardized
depression score was based upon quartiles, as clinical cutoffs were not available for all
measures used. This categorization may have introduced some bias creating the possibility
that, for some participants, categorization may not accurately capture the severity of their
clinical depression.

O’Cleirigh et al. Page 6

AIDS Behav. Author manuscript; available in PMC 2014 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Despite these limitations, the results of the current study, in conjunction with previous
findings [6], indicate that the association between depression and sexual risk in MSM may
be non-linear, and that MSM with moderate levels of depression may be particularly
vulnerable to engaging in risky sexual behavior. These findings have important clinical
implications and suggest that treating depressive symptoms with either medication or
evidence-based interventions in this population may not only improve mental health
functioning but may also lead to reductions in sexual transmission risk and help to offset
new HIV infections. As evidence continues to emerge that multiple psychosocial stressors
and mental health problems interact synergistically to increase risk for HIV acquisition and
transmission and other negative health outcomes in this population, it may be particularly
important to integrate mental health screening in to HIV primary care. This will facilitate the
provision of quality care and help support secondary HIV prevention outcomes for those
managing the dual challenges of depression and HIV.
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Figure 1.
Change in the Predicted Probabilities of Sexual Risk Over Time for Groups Low, Moderate
and High in Depression
NOTE: Depression groups were categorized by quartiles where by the middle two quartiles
(moderate depression) are compared to the lowest quartile (low depression) and the highest
quartile (high depression). The slopes reported are predicted probabilities controlling for
other covariates in the model.
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