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Abstract
context—Depression strongly predicts non-adherence to HIV antiretroviral therapy, and
adherence is essential to maintaining viral suppression. This suggests that pharmacologic
treatment of depression may improve virologic outcomes. However, prior longitudinal
observational analyses have inadequately adjusted for time-varying confounding by depression
severity, which could yield biased estimates of treatment effect. Application of marginal structural
modeling to longitudinal observation data can, under certain assumptions, approximate the
findings of a randomized controlled trial.

Objective—To determine whether antidepressant medication treatment increases the probability
of HIV viral suppression.

Design—Community-based prospective cohort study with assessments conducted every three
months.

Setting—Community-based research field site in San Francisco, California.

Participants—One hundred and fifty-eight homeless and marginally housed persons living with
HIV who met baseline immunologic (CD4+T-lymphocyte cell count <350 cells/mm3)and
psychiatric (Beck Depression Inventory-II score >13) inclusion criteria, followed from April 2002
through August 2007.

Main Outcome Measures—Probability of achieving viral suppression to <50 copies/mL.
Secondary outcomes of interest were probability of being on antiretroviral therapy, seven-day self-
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reported percent adherence to antiretroviral therapy, and probability of reporting complete (100%)
adherence.

Results—Marginal structural models estimated a 2.03 greater odds of achieving viral
suppression(95% CI, 1.15–3.58; P=0.025) resulting from antidepressant medication treatment. In
addition, antidepressant medication use increased the probability of antiretroviral uptake(weighted
odds ratio, 3.87; 95% CI, 1.98–7.58; P<0.001). Self-reported adherence to antiretroviral therapy
increased by 25% percentage points (95% CI, 14–36%; P<0.001), and the odds of reporting
complete adherence nearly doubled (weighted odds ratio, 1.94; 95% CI, 1.20–3.13; P=0.006).

Conclusions—Antidepressant medication treatment increases viral suppression among persons
living with HIV. This effect is likely attributed to improved adherence to a continuum of HIV
care, including increased uptake and adherence to antiretroviral therapy.

INTRODUCTION
Depression is common among people living with HIV/AIDS. In a nationally representative
probability sample of adults receiving care for HIV in the United States, the 12-month
prevalence of major depressive disorder(MDD)using the Composite International Diagnostic
Interview Short Form was 36 percent 1. This exceeds the 5–7 percent 12-month prevalence
of MDD in the general population 2–4.

Among persons living with HIV, depression has been associated with reduced uptake 5, 6 of
and adherence 7–9 to antiretroviral therapy (ART), as well as CD4+ T-lymphocyte count
decline 10 and progression to AIDS 11. However, little research exists on whether
pharmacologic treatment of depressed mood can improve HIV outcomes 12. One analysis of
electronic medical record data from persons living with HIV enrolled in two large health
maintenance organizations showed that depression was associated with reduced odds of
achieving HIV-1 RNA suppression to <500 copies/mL and that treatment with serotonin
specific reuptake inhibitor (SSRI) medications was associated with improved ART
adherence and viral suppression 8. This analysis, however, did not adjust for depression
severity, which could have confounded the observed relationship between treatment and
outcome. Specifically, patients with more severe symptoms of depression are more likely to
be prescribed treatment with antidepressant medication, and antidepressant medication
treatment may improve subsequent depression severity (Figure 1). Confounding arises
because depression severity is associated with the outcome.

While observational studies using conventional statistical methods can adjust for baseline
confounding by indication(to the extent that confounders are measured without error), they
are unable to adjust for time-dependent confounding that arises in longitudinal treatment
settings. Conventional statistical adjustment, i.e., including depression severity as a time-
dependent variable in a regression model, may bias the estimated treatment effect by
conditioning on part of the effect of interest. The statistical methodology of marginal
structural models provides a means to account for this time-dependent confounding by
indication. Under certain assumptions(the validity of which are examined below), marginal
structural modeling aims to use observational data to approximate the findings of a
randomized controlled trial 13–16. Therefore, we fit a marginal structural model to data from
a longitudinal cohort of homeless and marginally housed persons living with HIV to
estimate the effect of treatment with antidepressant medications on ART adherence and viral
suppression.
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METHODS
THE REACH COHORT

Data for this analysis were drawn from participants followed from April 2002 through
August 2007 in the Research on Access to Care in the Homeless (REACH) study, which is
an observational, prospective cohort of homeless and marginally housed adults living with
HIV in San Francisco, California 17, 18. In brief, study participants in the parent cohort were
recruited from homeless shelters, free-lunch programs, and low-income, single-room
occupancy hotels. Participants signed a written consent form upon entry into the study and
were reimbursed $10–15 per assessment, which occurred approximately every three months
at the UCSF Clinical and Translational Science Institute Tenderloin Clinical Research
Center and included a structured interview and blood collection. This yielded quarterly-
updated information on socio-demographics, depression severity, alcohol and drug use,
health services utilization, overall health status, and medications. Depression severity was
measured using the Beck Depression Inventory II (BDI-II) 19. The Committee on Human
Research at the University of California at San Francisco approved all study procedures.

Participants were eligible for inclusion in this analysis if they had (1) a CD4+T-lymphocyte
cell count <350 cells/mm3 at baseline, and (2) symptoms of depression at baseline, defined
as a BDI-II >13. Our choice of a CD4+ count <350 was based on a threshold, widely used at
the time of the study, for deciding when to initiate ART in asymptomatic HIV-infected
patients 20. The psychiatric inclusion criterion represents a reasonable clinical threshold at
which many psychiatrists would choose to recommend starting psychopharmacologic or
psychotherapeutic treatment for depressed mood. We decided not to limit the sample solely
to participants with formal DSM diagnoses, because sub-syndromal symptoms are
commonly experienced during the course of mood disorders and are associated with
significant psychosocial impairment 21–23.

For this study, the primary outcome of interest was probability of HIV-1 RNA viral
suppression to <50 copies/mL. Plasma was processed and stored at −40°C within 6 hours of
collection. HIV-1 viral load determinations were made using the HIV-1 Amplicor Monitor
Version 1.5 ultrasensitive assay (Roche Molecular Systems, Alameda, California, USA),
with a lower detection limit of 20 copies/mL. Secondary outcomes of interest were:
(1)probability of being on ART;(2) self-reported ART adherence, defined as the percentage
of prescribed ART doses taken within a seven-day recall period 24, 25; and (3)probability of
reporting complete (i.e., 100%) ART adherence. Zero adherence was assigned to
participants who were eligible for but were not on ART, consistent with an expanded
concept of adherence to a continuum of HIV care including ART uptake, persistence, and
dose-taking adherence (or execution) 26, 27 that has been used in prior research 28.

STATISTICAL ANALYSIS
We used weighted regression modeling to estimate the parameters of a marginal structural
model 13–16. That is, rather than adjust for time-dependent confounding by including
depression severity as a covariate in the regression model, each patient received a weight
inversely proportional to the estimated probability of having her own observed
antidepressant medication treatment history. Intuitively, this approach corrects for the non-
random assignment of antidepressant medication treatment by up-weighting individuals
whose treatment and covariate histories are under-represented compared to what would have
been observed if treatment had been randomized. This approach accounts for confounding
without stratifying or conditioning on factors in the postulated causal pathway and has been
successfully applied in the field of HIV medicine, yielding results that have more closely
approximated the findings from randomized controlled trials than have other statistical
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adjustment methodologies 13, 15. Marginal structural modeling has also been used to
estimate the effects of other time-varying exposures, such as methotrexate in patients with
rheumatoid arthritis 29 and aspirin among middle-aged men 30.

The model used to estimate the denominator of the weights was a pooled logistic regression
model 31 for the probability of receipt of antidepressant medication at a given visit. Included
in this logistic model were variables, measured at baseline, that have been previously studied
as potential correlates of psychotropic medication use among persons with HIV 32, 33: age
(years), sex, education (high school graduate and some college vs. no diploma), self-
identified race (white, black, other), presence of one of five chronic medical conditions
(heart disease, hypertension, diabetes, emphysema, or asthma), CD4+ count nadir, substance
use (alcohol, crack cocaine, methamphetamines, heroin, or any injection drug) in the 30 days
prior to baseline, and BDI-II score. We also included time-varying BDI-II score, measured
at the prior visit, and cumulative number of days of follow-up, modeled as a restricted cubic
spline with knots at the 5th, 25th, 50th, 75th, and 95th centiles. The model used to estimate the
numerator of the weights was similar, except that terms depending on the time-varying
covariates were eliminated.

Each person-visit was treated as an observation, and the model was fit on the subsample of
person-visits for which no exposure to antidepressant medication had yet occurred through
the prior visit. We conducted the analysis using a conservative “intention-to-treat”
assumption 15, 34, which is necessary to avoid generating over inflated estimates of treatment
effect 35, 36. In the context of our study, the observational analog of this assumption meant
that once participants were started on antidepressant medication they were assumed to
remain on it thereafter (i.e., probability weights were unaffected by subsequent depression
severity scores or weights). To adjust for potential selection bias by measured factors due to
loss to follow-up, a second set of censoring weights was obtained using a similar procedure,
where participants who died were designated failures and censoring was defined as loss to
follow-up for any other reason 13, 14. The overall inverse probability of treatment and
censoring (IPTC) weights were computed as the product of the treatment and censoring
weights, and then stabilized to increase efficiency 13, 14.

To estimate the effect of antidepressant medication treatment on viral suppression, the IPTC
weights were used in a weighted pooled logistic regression model with viral suppression to
<50 copies/mL as the outcome. We re-assessed the statistical significance of the treatment
estimate when self-reported ART adherence was included in the regression model. We
interpreted an attenuated treatment estimate as suggestive that the effect was mediated by
adherence, although additional assumptions would be necessary to make a definitive
conclusion. For the secondary outcomes, we estimated the effect of antidepressant
medication treatment on self-reported adherence by using the same IPTC weights in a
weighted pooled linear regression model with self-reported adherence as the outcome, and in
weighted pooled logistic regression models with being on ART and complete adherence as
the outcomes. These regression models included the same baseline covariates as were used
in estimation of the weights but did not include the time-varying covariate. The primary
regressor of interest was receipt of antidepressant medication treatment at or before the prior
(quarterly) visit. We used a twelve-week lag period because this has been considered a
duration of antidepressant medication treatment sufficient to produce a robust therapeutic
effect 37, 38. All analyses were censored at the last time the participant remained under
follow-up. Standard errors were based on robust variance estimates to account for clustering
of observations within participants over time 39–42.
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SENSITIVITY ANALYSIS
We undertook a number of sensitivity analyses to assess the robustness of our findings 43.
First, in light of prior research showing that the efficacy of antidepressant medication in
improving mood is greater among those with more severe depression 44–46, we stratified our
analyses by baseline depression severity. We compared the effect of antidepressant
medication treatment on viral suppression among those with minimal or mild depression at
baseline (BDI-II<20)vs. moderate-to-severe depression at baseline (BDI-II≥20). Second, we
examined the sensitivity of our estimates to different model specifications. We included
different configurations of additional baseline and time-varying covariates, including
alcohol and substance use (prior 30 days), Short Form-36 (SF-36) Mental Component
Summary (MCS) and Physical Component Summary (PCS) scores, self-reported overall
health, emergency department and hospital utilization (prior 90 days), homelessness status
(prior 90 days), and representative payeeship (prior 90 days). Third, in order to explore bias-
variance tradeoffs, we progressively trimmed 47 the IPTC weights at the 1st and 99th
percentiles, the 5th and 95th percentiles, and the 10th and 90th percentiles. And fourth, we
re-fit all models using treatment with SSRI medication (vs. no SSRI) as the exposure. We
examined the effect of this specific class of antidepressant medication because SSRIs are
generally regarded, due to safety and tolerability considerations 48, as first-line agents for
pharmacologic treatment of depression in patients with a substance abuse comorbidity
profile similar to the participants in the REACH cohort. Furthermore, SSRIs are the class of
antidepressant medication most commonly prescribed to HIV-infected persons with mood
disorders 33.

RESULTS
CHARACTERISTICS OF THE SAMPLE

A total of 158 participants (out of 551 in the parent cohort) met inclusion criteria and
contributed a total of 1,782 person-quarters of observation. The average length of follow up
was 2.9 years(median, 3.0 years; range, 0.2–5.3 years). During the follow up period, 38
participants died(24%), and 17 were lost to follow up(11%). An additional 8 completed 12
months of follow up according to a prespecified protocol for a related randomized controlled
trial (but then exited the cohort)(5%), and one left the study due to incarceration (1%).

At baseline, 92 participants (58%) were on ART despite being eligible to receive it. There
were 750 person-quarters of observation contributed prior to antidepressant medication
initiation, with serotonin-specific reuptake inhibitor medications being the most frequently
prescribed type of antidepressant medication (85%). Among the 119 participants who
ultimately received antidepressant medication treatment at some point during follow up, the
average percent time actually on antidepressant medication after initiation was 67%
(median, 73%; interquartile range [IQR], 42–100%). In terms of total treatment time, 763 of
1,259 (61%) person-quarters of observation after antidepressant medication initiation were
spent on treatment. Many subjects experienced one or more subsequent interruptions of
antidepressant medication treatment, suggesting that our “intention-to-treat” assumption
would yield conservative estimates of treatment effect 35, 36. The median duration of
uninterrupted antidepressant medication treatment was 251 days (IQR, 85–432 days).

Baseline summary statistics for the sample are displayed in Table 1. One-third to one-half of
the sample reported alcohol or drug use. Participants who had been ever treated with
antidepressant medications appeared to have greater severity of illness at baseline. The ever-
treated group had a lower mean baseline SF-36 MCS score, and higher proportion had a
chronic medical condition The ever-treated and never-treated groups were relatively
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balanced with regards to other baseline characteristics such as CD4+ count, log viral load,
self-reported overall health, alcohol use, and socioeconomic indicators.

Mean depression severity as measured by the BDI-II was greater among those who had ever
initiated treatment with antidepressant medications (23.9 vs. 20.2; P=0.06). This was
consistent with what was observed in the multivariable probability-of-treatment model used
to construct the weights (Table 2): each one-point increase in the BDI-II at the prior visit
was associated with a 4% increased odds of initiating treatment with antidepressant
medication (adjusted odds ratio [AOR]=1.04; 95% CI, 1.01–1.08; P=0.02), even after
adjusting for baseline severity of depression. Participants were also more likely to start
antidepressant medication treatment if they were male or chronically ill. Stabilized IPTC
weights based on the resulting model fit had a mean of 1.001(SD=0.12). Further details on
the distribution of both stabilized and unstabilized weights are available in the
appendix(Web Appendix Figure 1).

EFFECT OF ANTIDEPRESSANT MEDICATION TREATMENT
Without any adjustment for confounding, antidepressant medication treatment was
associated with a 1.55 greater odds (95% CI, 1.03–2.31; P=0.034) of achieving viral
suppression(Table 3). Using conventional multivariable logistic regression adjustment
strategy for confounding, antidepressant medication treatment was associated with a 1.58
greater odds (95% CI, 1.07–2.31; P=0.02) of achieving viral suppression. However, because
depression severity is affected by past treatment with antidepressant medication, these
estimates may not carry a causal interpretation as the overall effect of antidepressant
medication treatment. Marginal structural models estimated a 2.03 greater odds (95% CI,
1.15–3.58; P=0.025) of achieving viral suppression. When self-reported ART adherence was
included in the regression model, the estimated effect declined in magnitude and statistical
significance (weighted OR=1.32; 95% CI, 0.73–2.40; P=0.36).

Antidepressant medication treatment seemed to have larger effects among participants with
more severely depressed mood. Among those with minimalor mild depression severity at
baseline(BDI-II<20), antidepressant medication treatment did not result in a statistically
significant increased odds of achieving viral suppression (weighted OR=1.75; 95% CI,
0.71–4.33; P=0.23). However, the confidence interval does not rule out the possibility of a
reasonably large benefit in this subgroup. Among those with moderate-to-severe depression
at baseline (BDI-II≥20), however, the effect on viral suppression was statistically
significant(weighted OR=2.77; 95% CI, 1.26–6.09; P=0.011).

In supplemental analyses, we sought to determine whether the effect of antidepressant
medication treatment on viral suppression could be attributable to its effects on a continuum
of HIV care. Weighted regression showed that antidepressant medication use resulted in a
3.87 greater odds of being on ART (95% CI, 1.98–7.58; P<0.001). Additionally,
antidepressant medication treatment increased self-reported adherence by 25% (95% CI, 14–
36%; P<0.001) and nearly doubled the odds of achieving complete adherence (weighted
OR=1.94; 95% CI, 1.20–3.13; P=0.006).

SENSITIVITY ANALYSIS
To explore the sensitivity of our estimates to alternative model specifications, we added
more baseline and time-varying covariates to the regression models in different
configurations (Web Appendix Table 1). Under these alternate specifications, the estimated
odds ratio for achieving viral suppression ranged from 1.52–2.19 (P-values 0.19 to 0.01).
Because these alternate specifications did not produce qualitatively dissimilar estimates, we
reported the results of the original model as our primary findings. Next, we progressively
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truncated the IPTC weights at the 1st and 99th, 5th and 95th, and 10th and 90th percentiles
(Web Appendix Table 2). The estimated odds ratios were qualitatively similar to (i.e., within
+/−2% of) the original estimates, indicating that, despite relatively larger weights, outlier
participants did not exert overt influence on the results. Finally, we re-fit all models to
determine the effect of SSRI medication treatment on viral suppression. Marginal structural
models estimated qualitatively similar effects of SSRIs on probability of achieving viral
suppression (weighted OR=1.73; 95% CI, 0.84–3.55; P=0.14).

COMMENT
Using a marginal structural model to account for time-varying confounding by depression
severity, we found that antidepressant medication treatment increased the probability of
achieving viral suppression among a cohort of homeless and marginally housed persons
living with HIV. In supplemental analyses, we found evidence of improved adherence along
a continuum of HIV care: antidepressant medication treatment increased the probability of
ART uptake by nearly fourfold and also resulted in a 25% percentage point increase in self-
reported ART adherence and a nearly twofold-increased probability of achieving complete
adherence. These results are consistent with prior studies linking depressive symptoms to
reduced uptake 5, 6 and adherence 7–9 to ART.

While changes in behavior are the most plausible explanation for our findings 49, 50, some
researchers have hypothesized that biological pathways may directly link depression to
poorer HIV outcomes 51. This is consistent with prior studies showing that, even after
adjusting for ART adherence, depression is associated with worsened HIV outcomes,
including CD4+ count decline 52, incident AIDS-defining illness 53, and AIDS-related
mortality 54. One study showed that resolution of a major depressive episode was associated
with increased natural killer cell activity 55. And more recently, a cross-sectional analysis of
data from 658 HIV-positive men and women showed that participants taking serotonin
reuptake inhibitors were less likely to have detectable cerebrospinal fluid HIV-1 RNA
levels 56. This relationship held even among those not concurrently taking ART, suggestive
of a biologic effect and leading some to suggest that psychotropic medications could be
useful as adjunctive treatment for persons living with HIV 57. In our marginal structural
model analysis, the estimated effect of antidepressant medication treatment became non-
statistically significant when adjusted for ART adherence, suggesting that the effect of
antidepressants on HIV treatment response is at least partially mediated by adherence.
However, the attenuation of the treatment effect once adherence was added to the model
could also have been due to the limitations of our relatively small sample size. Additional
assumptions would be required to fully interpret the adjusted effect as a direct (non-
mediated) effect of antidepressant medication treatment 58, 59. In particular, we would need
to assume that the baseline covariates alone capture all of the confounding from the effect of
adherence on viral suppression, which is unlikely to be the case. Distinguishing the relative
contributions of the two mechanisms, direct vs. indirect (biological vs. behavioral), through
which antidepressant medication treatment could affect virologic outcomes was beyond the
scope of our study and remains an important area for future work.

We observed greater effects of antidepressant medication on viral suppression among
participants with more severe depressive symptoms at baseline. This finding is potentially
analogous to results from a recently published meta-analysis of randomized controlled trials
showing that the efficacy of antidepressant medication on mood is greater among those with
more severe depressive symptoms at baseline 44–46. In other clinical contexts, marginal
structural models have also estimated treatment effects that closely approximate the findings
from randomized controlled trials 16, 60–62. Even though our estimates have a causal
interpretation under certain assumptions, randomized controlled trial evidence is needed in
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order to definitively conclude that pharmacologic treatment of depression has beneficial
effects on HIV treatment adherence and HIV treatment outcomes.

Despite these caveats, our study contributes to a sparse literature on how treatment of
depression can result in improved HIV outcomes. No randomized controlled trials of
antidepressant medication treatment alone have shown improvements in virologic outcomes.
Safren et al. 63 studied the effect of individual cognitive behavioral therapy (CBT) among
persons living with HIV and also diagnosed with a depressive mood disorder. The CBT
intervention explicitly incorporated adherence training and improved ART adherence by
more than 20% percentage points at 12 month follow up, but the small sample size limited
the investigators’ ability to detect differences in viral load. Two randomized studies of
group-based cognitive behavioral stress management for persons living with HIV have
yielded mixed results, one positive 64 and one negative 65, but those studies enrolled
participants with minimal depressive symptoms(i.e., mean BDI<14 at baseline). Our study is
notable in that it suggests that antidepressant medication treatment can improve HIV care
and HIV treatment outcomes among persons with significant depressive symptoms.

Also in contrast to these studies, the participants in the REACH cohort are drawn from a
population whose frequently changing living situations and medical and psychiatric
comorbidities can make controlled study difficult. All REACH participants were either
homeless or marginally housed, approximately one-half reported alcohol or illicit drug use,
and more than one-third had been assigned to representative payeeship. Due to these
complex comorbidities, many of our study participants would have been excluded from most
randomized controlled trials of antidepressant efficacy 66, 67. The clinical and public health
importance of our work is further underscored by nationally representative evidence of
underdiagnosis 68 and undertreatment 32 of depression among persons living with HIV/
AIDS, as well as the fact that even incremental (e.g., 10%) increases in ART adherence can
improve virologic 69, 70 and immunologic 71 outcomes in this population.

Despite these strengths, interpretation of our findings is subject to a number of limitations.
Most participants in our study were female, which limits generalizability to the HIV
epidemic in the United States 68, 72. However, while not formally a random sample of HIV-
infected, homeless and marginally housed persons, the parent cohort (REACH) was drawn
from a systematic and reproducible venue-based sample 73 of homeless and marginally
housed persons living with HIV. The REACH cohort was comprised of mostly men with a
high prevalence of drug use, alcohol use, and mental illness and is roughly generalizable to
the HIV-infected urban poor 17, 18. The preponderance of females in our analytic sample
may reflect the overall epidemiology of major depressive disorder in the general
population 3, 74. Although our sample may not represent patients seen in most clinical
settings, it does reflect a population that has variable access to medical and mental health
care services and which remains an important part of the national HIV epidemic 75, 76. A
second limitation is that our statistical analyses group antidepressant medications together
into a single category, implicitly assuming equivalent treatment effects across medication
classes. However, there is recent meta-analytic evidence to support this simplifying
assumption 77–79. Lack of power prevented us from studying individual drugs, but we
conducted a sensitivity analysis for the most frequently prescribed medication class in our
study (SSRIs) and observed qualitatively similar effects on viral suppression. And finally,
our data did not permit us to account for dose escalation. Drug metabolism and clearance
varies widely between individuals, and psychiatrists frequently compensate for this
pharmacokinetic variability by tailoring antidepressant medication dosage to individual
patients’ responses. Our marginal structural model analysis can be conceptualized as
analogous to a flexible randomized controlled trial in which subjects are randomized to
receive antidepressant medication treatment (or not), but the drug and dose are left up to
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physician and patient discretion. As noted previously, marginal structural models require
several assumptions. First, consistency implies that each participant’s potential outcome
under her observed antidepressant medication exposure history is precisely her observed
outcome 80. Although consistency may be problematic when the exposure is a feature such
as obesity, it is plausible (although not empirically verifiable) in observational studies of
medical treatments. Second, with regards to positivity, or the experimental treatment
assumption 14, there were no structural zeroes 43 in the setting of our data, i.e., factors that
would be deterministic of either treatment or non-treatment with antidepressant medication.
We were able to identify exposed and unexposed participants at each level of depressive
severity as measured by the BDI-II, thereby ruling out the presence of potential random
zeroes. In addition, we fitted a regression model using all of the baseline covariates and the
time-varying covariate to compute predicted probabilities of treatment. We then visually
inspected a plot of the log odds of treatment against both the observed treatment and
predicted probabilities of treatment to ensure that there was an acceptable degree of
variation of observed values across all levels of the predicted 81, 82. Third, we assumed that
conditioning on several baseline covariates and recent values of depression severity was
sufficient to achieve exchangeability between those who did and did not initiate treatment
with antidepressant medication during the follow-up period 83, 84. This is not an empirically
verifiable assumption, but we relied on prior studies to guide our inclusion of the most
important confounders. Furthermore, we included a broad range of other covariates in an
exhaustive sensitivity analysis, and our findings remained robust to these alternate
specifications. Nonetheless, some unmeasured confounding could remain, e.g., receipt of
adherence counseling. Subjects who received adherence counseling may be more likely to
initiate antidepressant medication treatment due to greater interaction with the care team and
greater awareness of depression severity, and they may also be more likely to adhere to
ART. And fourth, we made the conservative “intent-to-treat” assumption, long recognized
as the preferred approach to analysis of data from randomized controlled trials 35, 36, 85.
Thus, we anticipate some bias towards the null in our treatment estimates. Participants in the
study cohort remained on antidepressant medications an average of 67% (median 73%) of
the time following treatment intiation, which compares favorably with completion rates
observed in long-term (i.e., 6–8 months in duration) randomized controlled trials of SSRIs 86

and is similar to completion rates observed in short-term trials of both SSRIs 87 and tricyclic
antidepressant medications 88.

In summary, we introduced the method of marginal structural modeling to the psychiatric
literature to estimate the causal effect of antidepressant medication treatment on viral
suppression among a longitudinal cohort of homeless and marginally housed persons living
with HIV. Antidepressant medication treatment resulted in a twofold greater probability of
achieving viral suppression, and this effect was likely due to improved adherence along a
continuum of HIV care. The estimated effects are clinically meaningful and(under certain
assumptions) have a causal interpretation, yet randomized controlled trials are needed to
conclude definitively that antidepressant medication increases viral suppression in this
population. Given the relatively high prevalence of under diagnosed and undertreated
depressive mood disorders among persons living with HIV, our findings suggest that
improved diagnosis and treatment of depression may have an important contribution to
improving HIV treatment outcomes.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Model of the causal pathway between antidepressant medication use and viral
suppression, with time-varying confounding by indication
Depression severity confounds the observed relationship between antidepressant medication
use and viral suppression, because patients with more severe depression are more likely to
be prescribed antidepressant medication and are also more likely to have worsened virologic
outcome. Over the course of longitudinal follow up, depression severity may be improved
by past treatment with antidepressant medication. It is therefore part of the causal pathway
of interest (leading from antidepressant medication treatment to improved virologic
outcome). Conventional statistical adjustment, i.e., including depression severity as a time-
dependent variable in a regression model, may bias the estimated treatment effect towards
the null by conditioning on part of the effect of interest.
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Table 1
Baseline characteristics of study participants (N=158)

Summary statistics are stratified according to whether or not the participant received antidepressant
medication treatment any time during follow up. Data are presented as means (standard deviation) or total
number (percent), with statistical significance of between-group comparisons assessed using t-tests and chi-
squared tests.

Ever on antidepressant medication
(N=119)

Never on antidepressant medication
(N=39) P-value

Beck Depression Inventory-II score 23.9 (11.3) 20.2 (8.2) 0.06

Age (years) 41.9 (8.2) 41.6 (7.3) 0.82

Sex (female) 85 (71%) 32 (82%) 0.19

Race

 White 53 (45%) 15 (38%) 0.48

 Black 38 (32%) 15 (38%) 0.47

Education

 No diploma 34 (29%) 9 (23%) 0.45

 High school graduate 44 (38%) 16 (41%) 0.73

 Some college or more 38 (33%) 14 (36%) 0.72

Homeless (prior 90 days) 19 (16%) 9 (23%) 0.31

Representative payeeship (prior 90 days) 55 (46%) 15 (38%) 0.40

Any chronic medical condition 42 (37%) 4 (10%) 0.002

SF-36 PCS score 38.7 (11.5) 39.1 (10.6) 0.86

SF-36 MCS score 35.1 (12.0) 44.3 (11.2) <0.001

Good or better self-reported health 103 (87%) 34 (87%) 0.92

CD4+ T-lymphocyte cell count 189 (100) 194 (101) 0.78

Log viral load 8.5 (3.2) 8.6 (3.7) 0.94

 Viral load <50 copies/mL 12 (10%) 7 (18%) 0.19

On antiretroviral therapy at baseline 18 (46%) 74 (62%) 0.08

 Number of antiretroviral medications 3.7 (0.85) 3.4 (0.92) 0.22

Covered by any health insurance 106 (89%) 31 (79%) 0.13

Alcohol use (prior 30 days) 45 (38%) 15 (38%) 0.94

Any illicit drug use (prior 30 days) 56 (47%) 22 (56%) 0.31

 Crack cocaine use 35 (29%) 13 (33%) 0.64

 Powder cocaine use 4 (3%) 1 (3%) 0.81

 Methamphetamine use 30 (25%) 9 (23%) 0.79

 Heroin use 11 (9%) 8 (21%) 0.06

 Injection drug use 33 (28%) 15 (38%) 0.21

Any emergency room visit (prior 90 days) 28 (24%) 7 (18%) 0.47

Any hospitalization (prior 90 days) 21 (18%) 4 (10%) 0.27

Arch Gen Psychiatry. Author manuscript; available in PMC 2011 December 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Tsai et al. Page 17

Table 2
Factors associated with starting antidepressant medication treatment (N=158)

The odds ratios are derived from a pooled unweighted logistic regression model fit on the subsample of
person-visits for which no exposure to antidepressant medication had yet occurred through the prior visit.

Adjusted odds ratio (95% CI) Wald P-value

Baseline age (years) 1.01 (0.96–1.07) 0.64

Sex (female) 0.29 (0.10–0.86) 0.03

Education

 No diploma Ref

 High school graduate 0.91 (0.31–2.66) 0.87

 Some college or more 2.21 (0.66–7.45) 0.20

Race

 Other Ref

 White 0.29 (0.10–0.84) 0.02

 Black 0.34 (0.12–0.97) 0.04

Any chronic illness 7.35 (2.71–19.9) <0.001

CD4+ T-lymphocyte cell count nadir 0.99 (0.99–1.00) 0.12

Beck Depression Inventory-II score at baseline 1.02 (0.99–1.06) 0.24

Beck Depression Inventory-II score at prior visit 1.04 (1.01–1.08) 0.02

Cumulative days of follow up 0.99 (0.99–1.00) 0.73
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Table 3
Estimates of the effect of antidepressant medication treatment on viral suppression, using
conventional statistical adjustment vs. inverse probability of treatment and censoring
(IPTC) weighting (N=158)

The naïve (unweighted) estimates do not have a causal interpretation and are shown here for comparison
purposes only. The estimates from the marginal structural models have the following interpretation: if,
contrary to fact, participants are exposed to antidepressant medication at or before the prior visit, then their
average odds of achieving viral suppression would be the odds ratio given.

Odds ratio (95% CI) P-value

Unweighted, crude 1.55 (1.03–2.31) 0.034

Unweighted, adjusted 1.58 (1.07–2.31) 0.02

Weighted 2.03 (1.15–3.58) 0.025
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