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Abstract

Erectile dysfunction (ED) and other forms of sexual dysfunction are highly prevalent among HIV+
men who have sex with men (MSM). Research has not previously identified the mechanisms by
which depression may be associated with sexual dysfunction among HIV-positive and HIV-
seronegative (HIV-negative) MSM. The present study examined the role of antidepressant use,
stimulant use, and smoking as mediators of the relation between depression and sexual
dysfunction among HIV-positive and HIV-negative MSM. Participants enrolled in the Multicenter
AIDS Cohort Study (MACS), an ongoing prospective study of the natural and treated histories of
HIV infection among MSM in the United States, completed a modified version of the International
Index of Erectile Function for MSM. The study sample included 1,363 participants, with 619 HIV-
positive men and 744 HIV-negative men. A structural equation model examined depression as a
predictor of subsequent sexual dysfunction, mediated by antidepressant use, stimulant use, and
smoking. Depression predicted subsequent sexual function among both HIV-negative and HIV-
positive MSM. This effect appeared to be both a direct effect and an indirect effect via
antidepressant use. Findings suggest that antidepressant medication use may partially explain
sexual dysfunction among MSM.
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INTRODUCTION

Erectile dysfunction (ED) is more prevalent in HIV+ MSM than in the general population,
with anywhere from 33%-74% of HIV+ MSM reporting ED (Asboe et al., 2007; Cove &
Petrak, 2004; Ende, Re, DiNubile, & Mounzer, 2006) versus a prevalence ranging from 0—
18% in general population samples (Selvin, Burnett, & Platz, 2007; Simons & Carey, 2001;
Wessells, Joyce, Wise, & Wilt, 2007). ED is associated with lower quality of life and higher
depression among men (Asboe et al., 2007; Fisher et al., 2005). Although several studies
have examined ED among MSM, most studies of MSM or HIV+ persons have used small
samples of less than 200 participants, which limit the statistical power and generalizability
of the findings. The literature on other forms of sexual dysfunction among MSM, such as
anorgasmia, or other indicators of sexual well-being, such as sexual satisfaction, is even
more sparse. Examining sexual dysfunction among HIV+ MSM is relevant not only to
understand how it affects quality of life, but also because sexual dysfunction is treatable. For
example, 76% of HIV+ MSM receiving treatment for ED reported achieving erections and
14% reported some improvement in erectile functioning (Catalan & Meadows, 2000). A
previous study using the MACS data showed the correlates of ED among HIV+ and HIV-
MSM (Hart et al., 2012). This study offered significant new insights into predictors of ED
among MSM and served as a basis for the present study about mechanisms of action. The
present study goes beyond previous research by longitudinally examining how depression
may predict ED via three potential mediators.

Although ED has received the most attention in the literature, other forms of sexual
dysfunction are also highly common among MSM. In a study of 7,001 MSM, more than half
(57%) reported low sexual desire and about a third (36%) reported anorgasmia or that sex
was not pleasurable (37%) (Hirschfield et al., 2010). These statistics compare with 45% who
reported erection problems. In a multivariable analysis controlling for demographic
variables such as age and race, HIV+ MSM were more likely than HIV- MSM to report
sexual dysfunction of all types except premature ejaculation. In this study, HIV+ MSM were
1.8 times more likely to report anorgasmia and 1.5 times more likely to report that sex was
not pleasurable. However, little is known about the mechanisms linking HIV infection to
sexual dysfunction among MSM.

Depression and Sexual Dysfunction

Several studies have shown an association between depression and ED and other forms of
male sexual dysfunction, such as low sexual desire and delayed ejaculation (de Ryck et al.,
2012; Laumann et al., 2005; Mathew & Weinman, 1982; Rosen, Lane, & Menza, 1999;
Rosen et al., 2004; Waldinger, Hengeveld, Zwinderman, & Olivier, 1998). For example,
among 1017 HIV+ men, lower sexual satisfaction was associated with increased report of
depression (de Ryck et al., 2012). In general population samples, depression has also been
shown to be associated with erectile difficulties, low sexual desire, and anorgasmia
(Laumann et al., 2005). Depression may also be a reason why HIV-positive men have higher
sexual dysfunction than HIV-negative men (Hirschfield et al., 2010; Lamba, Goldmeier,
Mackie, & Scullard, 2004), as HIVV-positive men also have higher depression rates than their
HIV-negative counterparts (Ciesla & Roberts, 2001). However, the extant research has not
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indicated whether it is depression per se that causes sexual dysfunction or whether its effects
are mediated through other variables. The literature has also not shown whether there are
psychosocial mechanisms by which depression leads to sexual dysfunction among HIV+ and
HIV- MSM. Some known covariates of sexual dysfunction may serve as mediators that
explain why depression is associated with ED and other forms of male sexual dysfunction
among MSM.

Potential Mediators

Several studies have documented deleterious effects on male sexual functioning after long-
term use of antidepressants, especially selective serotonin reuptake inhibitors (Corona et al.,
2009b; Montejo-Gonzalez et al., 1997; Rosen et al., 1999; Waldinger et al., 1998). A recent
study also found that antidepressant use predicted ED among MSM in the MACS (Hart et
al., 2012), with a 59% higher prevalence of ED per ten cumulative years of antidepressant
use. However, this study only examined ED, and did not examine other types of sexual
dysfunction. In addition, depression was not examined in this previous study, so it is not
known if antidepressant use or how other mediators may explain how depression is
associated with sexual dysfunction.

Among other possible mediators, depression has been linked with smoking behavior
although the direction of this relationship is unclear. Depression may lead to smoking
(Breslau, Peterson, Schultz, Chilcoat, & Andreski, 1998), but a recent meta-analysis found
evidence that depression may also follow smoking (Chaiton, Cohen, O’Laughlin, & Rehm,
2009). Smoking is associated with ED in the general population (Selvin et al., 2007; Wessels
et al., 2007). Smoking may also be associated with other forms of sexual dysfunction.
Smoking’s effects on sexual dysfunction may be due to increases in atherosclerosis and
specifically in plaque formation (Fowkes et al., 1992). Depression’s effects on sexual
dysfunction may therefore be at least partially accounted for by the effects of smoking.

Depression is also associated with increased illicit drug use among MSM (McKirnan, Tolou-
Shams, Turner, Dyslin, & Hope, 2006). Stimulant use may make achieving and maintaining
an erection physiologically impossible (Frosch, Shoptaw, Huber, Rawson, & Ling, 1996).
Less research has found specific effects of antidepressants, smoking, and stimulant use on
other forms of sexual dysfunction, especially among MSM. It is, therefore useful, to
disentangle the relationship between depression and sexual dysfunction among MSM, using
a longitudinal study with these three mediators.

Demographic and Biomedical Covariates

Demographic variables—Because ED differs across demographic variables (Johannes et
al., 2000), it is important to control for these variables in any study examining the
mechanisms by which depression predicts sexual dysfunction. Age has been shown to be an
important predictor of ED, with an annual incidence rate in the general population of 12.4
cases per 1000 man-years for men 40-49 versus 46.4 cases per 1000 man-years for men 60—
69 years old (Johannes et al., 2000), and with similar findings regarding age and increased
ED prevalence (Selvin et al., 2007; Wessells et al., 2007). Age is associated inconsistently
with ED among HIV+ MSM (Asboe et al., 2007; Ende et al., 2006). Among men in the
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general population, age is associated with other forms of sexual dysfunction, such as
increases in low sexual desire, low sexual satisfaction, and anorgasmia (Araujo, Mohr, &
McKinlay, 2004; Laumann et al., 2005). Among MSM, higher age is also associated with
anorgasmia, but was negatively associated with report of low sexual desire (Hirschfield et
al., 2010). Risk for ED also increases among men with lower education and men with
specific health problems, such as diabetes, heart disease, and hypertension (Johannes et al.,
2000; Selvin et al., 2007). Studies have also demonstrated that the rate of ED was higher
among Black men than White men (Wessells et al., 2007). However, Black men reported a
lower rate of anorgasmia than White MSM in another study (Hirschfield et al., 2010).

Biomedical covariates—HIV and ED-related biomedical variables are also relevant
factors. HIV-positive status is associated with higher rates of ED among MSM (Hart et al.,
2012) although HIV clinical variables such as CD4+ T-cell count, viral load, and use of HIV
medications were not associated with ED in multivariable models. Regarding other forms of
sexual dysfunction, ED medication use may not be associated with decreased likelihood of
reporting low sexual desire or anorgasmia (Hirschfield et al., 2010), which may be due to
the positive effects of ED medications on sexual desire and ability to have an orgasm.

Hypotheses

The goal of the present study was to determine the mechanisms by which depression was
associated with ED and other forms of sexual dysfunction among MSM. It was hypothesized
that the relationship between depression and sexual dysfunction would be mediated by
antidepressant use, stimulant use, and smoking. Consistent with previous research, it was
also hypothesized that, compared to HIV- participants, HIV+ participants would have higher
depression and sexual dysfunction.

METHOD

Participants

Participants were enrolled in the Multicenter AIDS Cohort Study (MACS), an ongoing
prospective study of the natural and treated histories of HIV infection among homosexual
and bisexual men in the United States. A total of 6,972 men were recruited (4954 in 1984—
1985, 668 in 1987-1991, and 1350 in 2001-2003) at four centers: Baltimore/Washington,
DC, Chicago, Los Angeles, and Pittsburgh. Among the total enrollment for all MACS
participants (N = 6972), 2100 participants were deceased, 1704 HIV-seronegative
participants were administratively censored from the MACS in 1993, and 888 participants
were “inactive” by April 2010 (they moved out of the area or were lost to follow-up).
Therefore, 2,282 MACS participants were “active” by April 2010. Among the 1,966 MACS
participants who completed visits 46 and 47, three men did not complete the IIEF
questionnaire and another 600 participants did not report having male sex partner(s). The
final analytic sample included 1,363 participants.

The 2001-2003 cohort enrolled more young men, more Black and Hispanic men with higher
median CD4+ cell counts. t-test or chi-square analysis tested the association of HIV status
with age, race, and CD4+ cell count. As shown in Table 1, race was not associated with HIV
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status, but age and CD4+ cell count were. Thus, age and CD4 were included in the bivariate
correlation matrix (Table 2) and were adjusted for in the final structural equation model
(Fig. 1). This approach has been conducted and published in other longitudinal analyses of
the MACS to account for any possible cohort effect (Shoptaw et al., 2012; Tsao, Stein,
Ostrow, Stall, & Plankey, 2011).

For the present study, ED data were collected at only visits 46 and 47 (October 1, 2006
through September 31, 2007). We therefore used data at the first visit of 46 and 47 with ED
data available for analysis as index visit resulting in an analytic sample of 1,363 men. The
sample was a primarily middle- to older-aged sample (M = 49.2 years, SD = 10.4) with a
diverse ethnic and educational background. Table 1 shows these sample characteristics as
well as descriptive statistics for all observed variables used in analyses stratified by HIV
status.

The MACS study design has been described elsewhere (Dudley et al., 1995; Kaslow et al.,
1987). Only methods relevant to the present study are presented. MACS study protocols
were approved by the institutional review boards of each of the participating centers, their
community partners, and community advisory boards. Informed consent was obtained from
all participants.

MACS participants return every six months for detailed interviews, physical examinations,
and collection of blood for laboratory testing and storage in a central repository. The
interview included questions about medical conditions, medical treatments, sexual behavior,
illegal drug use (including methamphetamine, marijuana, alkyl nitrites, cocaine and crack),
and cigarette and alcohol consumption since the previous visit. MACS questionnaires are
available at http://www.statepi.jhsph.edu/macs/forms.html. Enzyme-linked immunosorbent
assay with confirmatory Western blot tests were performed on all participants initially and at
every semiannual visit thereafter for initially HI\-seronegative participants to confirm HIV-
seronegative status. For all participants, T-lymphocyte subset levels were quantified by each
MACS center using standardized flow cytometry (Asboe et al., 2007; Shindel, Horberg,
Smith, & Breyer, 2011).

A 3-visit retrospective cohort design was used. In this design, the three mediators were
assessed at the visit immediately preceding the index visit (visit 45 or 46), and depression,
demographic, and biomedical variables (e.g., CD4 cell count) were assessed at two visits
prior to the index visit (visit 44 or 35). For HIV-seropositive men, HAART use and CD4+
cell count were also included in separate models as biomedical variables.

Demographic variables—Age, educational level (less than high school graduation to
post-graduate degree), and racial/ethnic background (e.g., non-Hispanic White, non-
Hispanic Black, Hispanic, Asian, Native American), and HIV serostatus were assessed at
baseline. Study center comprised the four cities of the MACS.
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Biomedical variables—For HIV+ participants, use of highly active antiretroviral therapy
(HAART) was assessed. For both HIV+ and HIV- participants, CD4 cell count, an
important measure of cell-mediated immunity among HIV+ participants, was assessed.
Since CD4 cell count was not normally distributed, this measure was log transformed to
base 2, consistent with previous studies (Achhra et al., 2010; Guiguet et al., 2009).

Center for Epidemiologic Studies Depression Scale (CES-D)—The CES-D
includes 20 items evaluating the frequency of depressive symptoms over the past week
(Radloff, 1977). An example of an item is “I was bothered by things that don’t usually
bother me.” Each item includes four response categories ranging from “rarely or none of the
time (less than 1 day)” to “most or all of the time (5-7 days).” Higher scores indicate a
greater degree of depression. This well-validated scale has been widely used in studies of
MSM (e.g., Duggan & McCreary, 2004; Salomon et al., 2009) and HIV+ populations (Grov,
Golub, Parsons, Brennan, & Karpiak, 2010). In the current study, Cronbach’s alpha = .77.

Behavioral mediators—For recent antidepressant use and stimulant use, participants
reported the use of medications and non-prescription drugs since the last study visit.
Antidepressants included selective serotonin reuptake inhibitors (e.g., escitalopram,
paroxetine) or serotonin norepinerphrine reuptake inhibitors (e.g., venalafaxine). For
stimulant use, participants reported their use of cocaine or “uppers” since the last study visit,
with examples given such as crystal methamphetamine, crack, speed or ice. Recent smoking
behavior was assessed with a single question asking participants: “Do you smoke cigarettes
now (as of 1 month ago)?

International Index of Erectile Function Questionnaire (IIEF)—The following five
domains of male sexual function were calculated as described in Rosen et al. (1997): erectile
function, orgasmic function, sexual desire, intercourse satisfaction, and overall satisfaction.
In this scale, higher scores characterize better functioning or satisfaction during sex. Erectile
functioning was determined by the summed scores of a modified version of the IEF-MSM
(Coyne et al., 2010). The IIEF-MSM avoids assumptions in the original 11EF that all men
engage in penetrative sexual intercourse during sexual activity. An example of an item from
the Erectile Functioning scale is “Over the past 4 weeks, when you had erections with sexual
stimulation, how often were your erections been hard enough for the sexual activity or
activities in which you engaged?” Response items vary by item, but typically range from “1
= almost never or never” to “5 = almost always or always.” This measure was made
available to the MACS investigators by the instrument’s creators before the scale was
published. This measure has been used in our previous MSM study (Hart et al., 2012). Per
this previous study, a modified scoring system was adopted where all responses representing
lack of sexual intercourse or sexual activity were set to missing instead of zero. If more than
20% of the individual subscale items were missing, a score was not calculated. In the present
study, Cronbach’s alphas for each scale ranged from .70-92.

Analytic Plan

Independent t-test analyses for continuous variables or chi-square analyses for dichotomous
outcomes were conducted to compare the HIVV-negative and HIV-positive groups on the five
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domains of male sexual function and depression. Structural equation modeling was
performed to test if the effect of depression on sexual function was mediated by
antidepressant use, stimulant use, and/or smoking status using Mplus 6.12. A multi-group
analysis model was used to compare differences between HIV-negative and HIV-positive
participants. The sexual functioning latent variable was measured using the previously
mentioned five domains of male sexual function from the I1EF. Model fit was assessed using
the chi-square statistic (x2), the normed chi-square (x2/df), root mean square error of
approximation (RMSEA), Comparative Fit Index (CFl), and the Tucker-Lewis Index (TLI).
As suggested by Kline (1998), both the CFI and TLI should be >.90, RMSEA <.08, and the
chi-square statistic should be non-significant, or the normed chi-square value to be <3 for
the model fit to be acceptable. The squared multiple correlation statistic (R2) was used to
determine effectiveness of the model predictors in explaining variance in the latent sexual
function variable. The weighted least squares means and variance (WLSMV) estimator was
used because model variables were both categorical and non-normally distributed. Mplus’s
weighted least squares procedure for analyzing datasets with missing values was used,
which allowed for the use of all 1,363 cases without the need for data imputation
(Asparouhov & Muthén, 2010).

Model development was performed sequentially. First, we established the fit of our
measurement model and tested for measurement invariance across groups. Measurement
invariance indicates that the relationship between the latent factor and observed variables is
equal across groups (Widaman & Reise, 1997). Since all observed variables were
continuous we tested our measurement model using maximum likelihood estimation.
Invariance was checked by comparing the difference in chi-square values and degrees of
freedom for two nested models (Reise, Widaman, & Pugh, 1993). Models were considered
invariant if the change in chi-square statistic was non-significant, which indicated that
constraining the model parameters did not worsen model fit. Second, structural portions of
the model were added, including the mediation paths as well as age and CD4 cell count. To
compare the groups on the structural portions of the model, in the HIV-negative group, the
CDA4 cell count path coefficient was set to zero, but was freely estimated in the HIV-positive
group. Lastly, the mediation model (antidepressant use, stimulant use, and smoking as
mediators of the relationship between depression and sexual dysfunction) and covariate
invariance was checked across groups using the DIFFTEST command in Mplus. Since all
mediators were categorical variables, WLSMV parameter estimation was used for the final
models.

The Mplus “Model Indirect” command was used to test the indirect effect of the mediators
on sexual function using the bootstrapping method which does not require normality of the
sample distribution. Bootstrapping is a powerful method of measuring mediation and allows
for the simultaneous examination of multiple mediators (Preacher & Hayes, 2008). For each
mediator, three paths were calculated: (1) a, the effect of depression on each mediator, (2) b,
the effect of each mediator on sexual function, and (3) c’, the direct effect of depression on
sexual function. Estimation of standard errors of the path coefficients was conducted by
using 1000 bootstrapped samples. Modification indices calculated by Mplus were utilized in
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combination with theoretical reasoning to improve model fit by allowing for observed
variables’ residual errors to be correlated.

RESULTS

The mean score for the CES-D was 9.3 (SD = 9.9), which is below even the lowest
suggested cutoff scores for depression of 15 (Radloff, 1977), and the mean score for Erectile
Functioning was 25.3 (SD = 5.5), which is above the mean expected for men with ED both
from the original I1EF (Rosen et al., 1997) and the adapted IIEF for MSM (Coyne et al.,
2010). Between 10-20% used antidepressants, stimulants, or smoked. The HIV-negative
group had significantly higher scores on the erectile function, t(1207) = 3.34, p< .01,
orgasmic function, t (1257) = 2.96, p < .01, and intercourse satisfaction, t(1037) =2.13,p<.
05, domains compared to the HIVV-positive group. Results for the sexual desire and overall
satisfaction domains as well as depression were non-significant. The effect sizes for all five
domains of the IIEF and depression were found to be small (Cohen’s d < 0.20) (Gravetter &
Wallnau, 2005). The HIV-positive group reported significantly higher use of
antidepressants, x2(1, N = 1158) = 14.19, p < .001, stimulants, y2(1, N = 1136) = 38.38, p <.
001, and smoking, ¥2(1, N = 1145) = 26.20, p < .001 compared to the HIV-negative group.
The effect sizes for all three of these mediators were also found to be small (0.10 < phi
coefficient < 0.30) (Gravetter & Wallnau, 2005).

The bivariate correlation matrix of all variables included in the final structural equation
model is shown in Table 2. Values above the diagonal refer to the HIVV-positive group and
values below the diagonal refer to the HIV-negative group. The latent variable indicators
were all significantly, positively intercorrelated for both groups with all correlations > 0.20.
All bivariate correlations were > 0.85, which indicates the lack of multicollinearity or
variable redundancy in the model (Kline, 2005). In the correlation matrix, depression
predicted antidepressant use, smoking, and stimulant use, and predicted more sexual
dysfunction for most of the domains of the IIEF for both HIV-positive and HIV-negative
MSM. Antidepressant use predicted the five domains of the I1EF for both groups. Smoking
did not predict sexual dysfunction. Stimulant use also did not predict sexual dysfunction,
with the exception of one negative correlation with intercourse satisfaction for HIV-negative
MSM.

In order to test for measurement model invariance across both groups, a completely
unconstrained multi-group CFA model was fit to the data (see Model 1 in Table 3).
Modification indices also suggested the addition of correlated residuals for the orgasmic
function and erectile function indicators, which was deemed theoretically acceptable and
therefore implemented. Next, a second CFA model with the loadings of the indicators of the
latent factor constrained across groups and intercepts freely estimated was fit to the data and
the difference in 42 statistics was calculated (see Model 2 in Table 3). There was no
significant change in 42 statistics between the two models, indicating that model fit did not
significantly deteriorate with these constraints. Lastly, a separate CFA model with factor
loading and intercepts constrained across groups was compared to the previous model.
However, the chi-square difference between these models was significant, indicating the
model fit worsened (model not shown). Modification indices from Model 2 suggested that
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constraining the sexual desire, intercourse satisfaction, and overall sexual satisfaction
intercepts would improve model fit. By doing this, the intercepts for each of these sexual
function domains were set to be equal across the HIVV-negative and HIV-positive groups.
Restricting these intercepts and allowing the erection function and orgasmic function
intercepts to be freely estimated resulted in a non-significant change in chi-square values
from Model 2, indicating that constraining these parameters did not significantly change
model fit (see Model 3 in Table 3). All model fit indices for Model 3 met acceptable
standards.

Using Model 3 as the final measurement model with complete factor loading invariance and
partial intercept invariance, the structural portion of the model was added. First, all
structural model parameters were unconstrained across groups and model fit indices were
good (see Model 4 in Table 3) except for the chi-square which was found to be significant.
However, this fit statistic is sensitive to sample size and with large samples the power
increases, which in turn makes it more likely to find a significant result (Henson, 2006). In
situations like this, the normed chi-square (x2/df ) has been substituted since it minimizes the
effect of sample size (Wheaton, Muthen, Alwin, & Summers, 1977) and here it was found to
be less than Kline’s reasonably accepted cut-off of three.

Next, a series of models were run that constrained individual regression coefficients across
groups one-by-one to determine if they significantly worsened model fit. All regression
coefficients other than stimulant use did not worsen model fit when they were constrained
across groups. The final structural equation model has all structural regression coefficients
constrained across groups, except for stimulant use and CD4 cell count, which we set to zero
in the HIV-negative group. Final model fit indices were very good (see Model 5 in Table 3).

The final model along with the standardized coefficients is shown in Fig. 1. As
hypothesized, a negative association (direct effect) between depression and sexual function
was found for both groups (HIV-: § = -0.15, p<.001; HIV+: f = -0.13, p<.001). The
indirect effect of depression on sexual function via antidepressant use was also significant
and comprised 33.9% of the total effects for both groups (HIVV-: § = -0.08, 95% CI = -0.12,
-0.04; HIV+: p=-0.07, 95% CI = -0.10, —0.03); however, the indirect effects via stimulant
use and smoking were non-significant. Though these indirect effects were non-significant,
both stimulant use and smoking had significant direct relationships with depression and
stimulant use also had a significant association with sexual functioning among the HIV-
negative group. Overall, the final model explained 20.2% of the variance in sexual function
in the HIV-negative group and 13.9% in the HIV-positive group.

Since HAART use could not be included in the final model due to the zero variance in the
HIV-negative group, a replica of the final model including HAART use as a covariate was
analyzed, but only using data from the HIV-positive sample. When taking HAART use into
account as a covariate, no substantial differences in model parameters were found; however,
HAART use had a significantly negative association with sexual function (p = -0.09, p=.
038). Model fit statistics were strong (32 = 45.8, p = .18, x%/df = 1.21, RMSEA = .02, CFI = .
99, TLI =.98).

Arch Sex Behav. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Hart et al. Page 10

DISCUSSION

Our findings suggested that depression predicted subsequent sexual function among both
HIV-negative and HIV-positive MSM. This effect appeared to be both a direct effect and an
indirect effect via antidepressant use. Despite higher use of antidepressants and stimulants,
and a greater likelihood of smoking among HIV-positive MSM, there did not appear to be
significant differences in the pattern of predictions between HIV-positive and HIV-negative
men. The present study extended beyond previous research by using a longitudinal model
with temporal sequencing of depression and three behavioral mediators as predictors of
sexual dysfunction among MSM using a multi-group structural equation model. The study
also extended beyond research showing a cumulative effect of antidepressants on ED for
HIV-positive MSM (Hart et al., 2012) by showing that antidepressants may partially explain
why depression increases sexual dysfunction among MSM, regardless of HIV status.

The present findings were also consistent with previous research showing that depression is
associated with smoking behavior and stimulant use among MSM (McKirnan et al., 2006).
There was less evidence for an indirect effect of depression via stimulant use or smoking
behavior in the present study. Smoking also did not have any effect on subsequent sexual
dysfunction, inconsistent with previous studies showing an effect of smoking on ED (Selvin
et al., 2007; Wessells et al., 2007). It may be that the effects of smoking on sexual
dysfunction were specific to erectile dysfunction as opposed to other domains assessed in
this study (e.g., sexual desire). Findings should not be interpreted as evidence against
previous research showing an effect of stimulants (Frosch et al., 1996), as the present study
did not demonstrate a lack of effect of stimulants on sexual dysfunction. Indeed, among
HIV-negative men, there was still an effect of stimulant use on sexual dysfunction; however,
among both groups, stimulant use did not appear to be the mechanism by which depression
was associated with sexual dysfunction. Present findings regarding mediators of the relation
between depression and sexual dysfunction broadly defined by the full IIEF should also be
considered in the light of our past study using the MACS data showing no effect for
cumulative stimulant use and smoking behavior on ED (Hart et al., 2012). Another possible
explanation for the lack of findings in this study and Hart et al. may be underreporting of
stimulant use or smoking behavior, both of which may be considered socially undesirable.

Limitations and Future Directions

Although the present study suggests that antidepressants may contribute to ED, it is still
unknown to what extent ED medications may work in the presence of depression and the use
of antidepressants. Future research should test the role of ED medications in reducing ED.
The present study also did not demonstrate the cumulative effect of antidepressants
prescribed for depression. Although the study benefited from historical data to predict sexual
dysfunction, we were unable to examine sexual dysfunction over each timepoint, which may
be useful in future longitudinal studies. Other mediators may important variables to consider
in the relationship between depression and subsequent sexual dysfunction. Biochemical
variables may be relevant, such as chronic cortisol release (Kobori et al., 2009), and
abnormally high levels of prolactin among men taking antidepressants (Corona et al., 2009b)
may also be relevant mediators. Low testosterone levels have also been implicated in sexual
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dysfunction and may have a larger role to play for men experiencing depression, especially
for HIV-positive men (e.g., Corona et al., 2009a; Gray et al., 2006).

Although the MACS is a longitudinal study, the administration of the modified IIEF
questionnaire to the two consecutive semiannual study visits limited us to a three time-point
study design. We were, therefore, unable to assess the trajectories of sexual dysfunction
using robust repeated measures. We were also unable to show how a reversed model in
which sexual dysfunction could lead to depression. Other models could examine how
chronic stimulant use leads to depression, and antidepressants could have preceded
depression, especially if antidepressants were prescribed for a condition other than
depression. This model also does not address other reasons for taking antidepressants that
could also be related to sexual dysfunction, such as anxiety disorders or even anxiety
specific to sexual situations.

The study sample may have influenced our findings, in that there was a low proportion of
stimulant users (11.7%), which was slightly lower than the proportion of smokers or the
proportion using antidepressants. The low proportions could have led to Type Il error. The
MACS cohort is also primarily middle aged so fewer people may be using stimulants like
cocaine or crystal methamphetamine. However, another study using a similar design with a
younger sample might have a greater proportion of stimulant use, but would also result in
less report of sexual dysfunction, which may explain why stimulants may not always predict
sexual dysfunction at a population level. In addition, sexual dysfunction and some of the co-
factors were measured by self-report, as opposed to psychiatric diagnostic interviews or by
biological markers. More objective assessments would have increased the validity of the
definition of sexual dysfunction. Future research should attempt to rectify these limitations
and retest the model among other male populations.

Future research should also consider the role of different substances in sexual dysfunction
across time. It would be useful to explore not only cumulative effects of a given class of
drugs, but also to examine shifts in use of substances among gay and bisexual men. For
example, some data suggest that younger MSM are more likely to use multiple recreational
drugs, including stimulants, than their older counterparts (Buchacz et al., 2005; Stall et al.,
2001). For older MSM, if they are similar to other men as they age, there may instead be
increasing use of prescription medications such as pain medications (Kaufman, Kelly,
Rosenberg, Anderson, & Mitchell, 2002; Paulose-Ram et al., 2003). This research should
consider the effects of these recreational and prescription medications on sexual
dysfunction, and whether the low stimulant use prevalence in the present study was partially
due to fears of sexual dysfunction in this primarily middle-aged sample.

Future research can also explore whether stimulants may have effects on sexual dysfunction
more for certain groups of MSM than for others. For example, the present study did not
examine motivations for stimulant use among MSM. Two major categories of motivations
have previously been identified: use to enhance sex and self-medication to reduce negative
affect (Semple, Patterson, & Grant, 2002). If stimulants are used to enhance sex, there is
more likely to be an effect on sexual dysfunction than if one is using stimulants for energy
or self-esteem. Both of these are relevant for depression. Future studies should therefore
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consider the role of stimulant use among MSM. Stimulant use, which has been associated
with erectile dysfunction in other studies (McKirnan et al., 2006), may also play more of a
role in erectile dysfunction among men preferring the insertive role, or tops, because of the
need to maintain an erection during anal intercourse.

Clinical Implications

Summary

The present study and other research suggest that caution is in order for MSM using
antidepressants for depression, especially for HI\VV-positive MSM (Hart et al., 2012).
Antidepressants may also lead to sexual dysfunction even after discontinuation of
antidepressant use (Csoka, Bahrick, & Mehtonen, 2008). However, as noted above, there are
other reasons why men might have been prescribed antidepressants besides depression.
Although a meta-analysis found that sexual dysfunction was commonly reported for many
antidepressants (Gartlehner et al., 2011), antidepressants differ in their side effect profile,
with some having a greater likelihood of leading to sexual dysfunction. For example,
bupropion causes significantly less sexual dysfunction than escitalopram, fluoxetine,
paroxetine, and sertraline. In addition, this analysis is not a treatment outcome study and was
only observational, and therefore cannot contraindicate the use of antidepressant
prescriptions. Despite the limitations of the present study, other depression treatments may
be useful alternatives to antidepressants for MSM who wish to avoid sexual dysfunction.
Cognitive behavior therapy and behavioral activation therapies have been found to be as
effective as antidepressants, even in the treatment of moderate to severe depression
(DeRubeis et al., 2005; Dimidjian et al., 2006). In addition, cognitive behavioral approaches
are also available for HIV-positive MSM that integrate other concerns, such as promotion of
HIV medication adherence (Safren et al., 2009). Finding effective treatments for depression
that do not increase sexual dysfunction is important not only because of the negative effects
of sexual dysfunction on quality of life (Asboe et al., 2007; Fisher et al., 2005) but also
because concerns about erectile dysfunction specifically may be associated with increased
risky sexual behavior among MSM. In one study, 38% of HIV-positive MSM reported ED,
but 51% reported ED when trying to use condoms (Cove & Petrak, 2004). Most (90%) gay
men who reported ED that was associated with condoms used condoms inconsistently
during insertive anal intercourse, versus only 28% of gay men who reported no ED
associated with condoms.

The present study was the first to determine, using a 3-timepoint design, that antidepressant
use may partially explain why depression is associated sexual dysfunction among both HIV-
positive and HIV-negative MSM. Depression had both a direct and indirect effect on sexual
dysfunction. Stimulant use and smoking did not appear to mediate the relation between
depression and sexual dysfunction. Clinicians should carefully consider the use of
antidepressants among MSM who report dysfunction.
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Figure 1.

Final Structural Equation Model with Standardized Estimates. Solid lines represent
regression paths while dashed lines represent covariance relations. The HIV-negative group
coefficients appear to the left of the slash while the HIV-positive appear to the right. ** p<.
01, * p < .05, t probit coefficients
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Table 1

Sample Characteristics

HIV-Negative (n = 744)  HIV-Positive (n = 619)

N (%)

Study Center
Baltimore 192 (25.8) 125 (20.2)
Chicago 120 (16.1) 157 (25.4)
Pittsburgh 229 (30.8) 155 (25.0)
Los Angeles 203 (27.3) 182 (29.4)

Race
White, non-Hispanic 567 (76.2) 354 (57.2)
Black, non-Hispanic 97 (13.0) 159 (25.7)
Hispanic 64 (8.6) 99 (16.0)
Other 16 (2.1) 7(1.2)

Education
Less than HS graduate 19 (2.5) 26 (4.2)
HS graduate 57 (7.7) 93 (15.0)
Some college 179 (24.1) 191 (30.9)
Graduate 4 year college 196 (26.3) 140 (22.6)
Some graduate college 90 (12.1) 47 (7.6)
Post-graduate degree 198 (26.6) 103 (16.6)
Missing 5(0.7) 19 (3.1)
Antidepressant Use” 103 (13.8) 132 (21.3)
Smoker* 112 (15.1) 159 (25.7)
Stimulant Use™ 51 (6.9) 108 (17.4)

M (SD)

Age* 50.8 (11.2) 47.3(8.9)
Depression 8.7 (9.9) 9.9(9.9)
CD4 T-Cell Count” 9.8 (0.5) 9.0(0.9)
Erectile Function” 258(5.3) 24.7(5.7)
Orgasmic Function” 8.7(2.1) 83(2.3)
Sexual Desire 7.4 (1.8) 7.3(2.0)
Intercourse Satisfaction” 112(23) 10.9 (25)
Overall Sexual Satisfaction 74(2.1) 7.3(2.1)

Notes: HS = high school. CD4 cell count was log transformed to base 2. Depression was assessed using the Center for Epidemiologic Studies
Depression Scale.

*
p < .05 between HIV-and HIV+ participants using a t-statistic for continuous variables and chi-square statistic for categorical variables.
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