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Abstract

Background—We examined the interaction of illicit drug use and depressive symptoms, and

how they affect the subsequent likelihood of highly active antiretroviral therapy (HAART) use

among women with HIV/AIDS.
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Methods—Subjects included 1,710 HIV-positive women recruited from six sites in the U.S.

including Brooklyn, Bronx, Chicago, Los Angeles, San Francisco/Bay Area, and Washington, DC.

Cases of probable depression were identified using depressive symptom scores on the Centers for

Epidemiologic Studies Depression Scale. Crack, cocaine, heroin, and amphetamine use were self-

reported at 6-month time intervals. We conducted multivariate logistic random regression analysis

of data collected during sixteen waves of semiannual interviews conducted from April 1996

through March 2004.

Results—We found an interaction effect between illicit drug use and depression that acted to

suppress subsequent HAART use, controlling for virologic and immunologic indicators, socio-

demographic variables, time, and study site.

Conclusions—This is the first study to document the interactive effects of drug use and

depressive symptoms on reduced likelihood of HAART use in a national cohort of women. Since

evidence-based behavioral health and antiretroviral therapies for each of these three conditions are

now available, comprehensive HIV treatment is an achievable public health goal.
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1. Introduction

The prevalence of illicit drug use among sub-populations of HIV-positive individuals is well

documented, as is the association of drug use with lower utilization of the latest combination

antiretroviral therapies (ART). In a prospective population-based probability sample of HIV-

infected persons receiving medical care, ART was less likely among those with drug

dependence, severe drug abuse, and injection drug use (Turner et al., 2001). The research of

Sambamoorthi and colleagues (Sambamoorthi et al., 2000) found that those engaged in

current injection drug use were less likely to use ART; moreover, among users of ART those

injecting drugs were less likely to use ART consistently. In a prospective European cohort of

7331 HIV-positive men, intravenous drug users were significantly less likely to be receiving

highly active ART (HAART) at time of study recruitment and followup (Mocroft et al.,

1999). In a nationally representative probability sample of HIV-infected adults receiving

care in the United States (HCSUS), drug users had significantly lower odds of current

HAART use than homosexual men (Cunningham et al., 2000). Similarly, a longitudinal

study of 565 injection drug users who were clinically eligible for HAART found that those

continuing injection drug use (IDU) were significantly less likely to initiate HAART, and

more likely to remain HAART-naïve longer, than those who ceased IDU (Celentano et al.,

2001).

The association between illicit drug use and lower HAART utilization has been found in

cohorts of HIV-positive women as well. In an early study of injection drug users with

universal access to ART in Canada, women were over twice as likely as men not to use ART

(Strathdee et al., 1998). Research on HIV-positive women in the Women and Infants

Transmission Study found that prenatal hard drug use was negatively associated with

receiving HAART as well as non-HAART combination therapy (Cooper et al., 2002). In the
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nationally representative HCSUS cohort, women with drug use exposure had significantly

lower proportions on HAART than other groups of study participants (Cunningham et al.,

2000). In a longitudinal study of HIV-positive women in the Women's Interagency HIV

Study (WIHS), those using marijuana, hashish, crack/cocaine, heroin, or amphetamines were

significantly less likely to be on ART before the advent of protease inhibitors, as well as less

likely to use HAART regimens after their introduction, controlling for clinical factors,

health insurance status, and demographic variables (Cook et al., 2002b).

HIV-positive individuals also have high rates of depression and depressive symptoms, and

this is particularly true of women whose rates of depression are double those of men (Cook

et al., 2002a; Golub et al., 2003; Ickovics et al., 2001; Kaplan et al., 1997; Moore et al.,

1999; Morrison et al., 2002;Turner et al., 2003; Vedhara et al., 1999). Some investigators

have speculated that psychiatric disorders interfere with a patient's ability to initiate or

continue multi-drug ART regimens (Boland, 1997). This notion is supported by evidence

that patients with a history of depression have significant delays in beginning protease

inhibitor (PI) treatment (Fairfield et al., 1999). In addition, a prior study of the WIHS cohort

found that women with high levels of depressive symptoms who injected drugs were

significantly more likely to discontinue use of HAART than others (Ahdieh-Grant et al.,

2005).

There is also evidence that receiving treatment for psychiatric problems has the potential to

increase use of HAART. Analysis of data from the HCSUS cohort found that HIV-positive

patients who received mental health care were over 50% more likely to report HAART use

than other HIV patients, controlling for possible confounding factors (Turner et al., 2001).

HIV+ women with depression who were receiving either antidepressants and psychotherapy,

or psychotherapy alone, were significantly more likely to use HAART, compared to those

receiving no depression treatment (Cook et al., 2006). There is also some evidence that

HAART initiation may improve later mental health status. Among one group of 453 HIV-

positive men and women, the number of depressive symptoms decreased significantly one

year after initiation of protease inhibitors (Low-Beer et al., 2000). Similarly, in a nationally

representative sample of 2,466 people in treatment for HIV in the United States, those

initiating or maintaining combination ART had significantly fewer psychiatric symptoms

than those not on combination ART (Chan et al., 2003).

In addition to drug use and depression, other factors have been shown to influence HAART.

Prior research has found HAART use to be lower among African American women and men

than those of other races/ethnicities (Anderson and Mitchell, 2000; Ghani et al., 2003;

Palacio et al., 2002; Shapiro et al., 1999), and among individuals with lower vs. higher

levels of education (Mouton 1997). Skepticism of African Americans toward Western

medicine is well-documented (Corbie-Smith, 1999; Gamble, 1997), and research has found

that African American patients may have difficulty expressing their HIV treatment

preferences to health care providers (Mouton, 1997). Low literacy and education levels may

negatively impact people's ability to understand complex antiretroviral regimens (Cargill et

al., 2004). Another influence on HAART use is physician experiences and attitudes. One

study of U.S. infectious disease physicians treating HIV patients found that patients' alcohol

and drug use were as important as disease severity in influencing physicians' prescriptions of
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HAART regimens (Bogart et al., 2000). It has also been suggested that willingness to

prescribe HAART to people who are using illicit drugs is greater among providers with

more experience treating HIV (Celentano et al., 2001).

Despite what is known about these associations, there is far less understanding of the

interaction of depression and drug use, and its potential association with HAART utilization,

particularly among HIV-positive women. In the prospective population-based probability

sample of HIV-infected men and women receiving medical care cited earlier (Turner et al.,

2001), no significant interactions were found between depression and severe drug abuse and

decreased likelihood of HAART. The purpose of the present study was to restrict the

analysis to women, given their significantly higher rates of depression and lack of prior

research attention, in order to explore the interaction of illicit drug use and depression, and

examine their association with HAART use over time.

2. Methods

2.1. Sample

Starting in October 1994, HIV-positive and seronegative women were enrolled in the

Women's Interagency HIV Study (WIHS) at six medical and university consortia sites

nationwide: Brooklyn, NY; the Bronx, NY; Chicago, IL; Los Angeles, CA; San

Francisco/Bay Area, CA, and Washington, DC. Over the next nine years, participants

completed WIHS study visits at 6-month intervals that included a physical and OB/GYN

exam, blood draws, and administration of an extensive battery of questions regarding their

mental and physical health, use of medical and social services, and current demographic

statuses (e.g., housing, employment, marital, education). As part of the interviews, HIV+

women were asked to report the names of their HIV ART drugs and identify their

medications from pictures shown to them by interviewers. In order to examine relationships

between illicit drug use and use of HAART longitudinally, WIHS study visits after HAART

was generally available in the community (April 1, 1996) were included in the analysis of

HIV-positive women (n=1,710).

2.2. Measures

2.2.1. Depressive Symptoms—The Center for Epidemiologic Studies Depression Scale

(CES-D) (Radloff, 1977) was used to identify cases of probable depression. The CES-D is a

20 item, self-report measure, scored 0-60, with higher scores indicating higher levels of

depressive symptoms. It has demonstrated excellent validity, reliability, and factor structure

in prior research, and is commonly used in studies of HIV-positive populations (Moore et

al., 1999), including women with HIV (Ickovics et al., 2001). Its sensitivity for DSM-III

major depression is excellent, in the 80%-90% range, with somewhat lower specificity in the

70%-80% range (Low-Beer et al., 2000; Richardson et al., 2001). In published research on

the WIHS cohort (Cook et al., 2002a) different ways of computing scores on the CES-D

included: 1) use of the standard cutoff of 16; and 2) use of a more stringent cutoff of 23. In

the present study, both cutoffs were used to operationalize depression.
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2.2.2. Drug Use—At each study visit, women were asked whether they had used crack,

cocaine, heroin, or amphetamines via any means of administration since the time of their last

interview, a period of roughly 6 months. For this study, such reports are considered as

“recent illicit drug use,” in keeping with prior research on this cohort (Landay et al., 2003)

and that on another multi-site cohort of women with HIV (Ickovics et al., 2001). We chose

these drugs for special emphasis over others (e.g., marijuana) due to their closer association

with routes of HIV infection, disease progression, and poor medical outcomes (Cook et al.,

2004; Golub et al., 2003).

2.2.3. Dependent Variable—The dependent variable of HAART use was assessed at

each interview from women's reports of the names of all antiretroviral medications taken

currently. All drugs were later coded and classified as PIs, nucleoside reverse transcriptase

inhibitors (NRTIs), NNRTIs, and other HIV-related drug therapies (e.g., hydroxyurea). The

definition of HAART was determined by the Department of Health and Human Services

guidelines (2006) and defined as: 1) 2 or more nucleoside reverse transcriptase inhibitors

(NRTIs) in combination with at least 1 protease inhibitor (PI) or 1 non-nucleoside reverse

transcriptase inhibitor (NNRTI); 2) 1 NRTI in combination with at least 1 PI and at least 1

NNRTI; 3) a regimen containing ritonavir and saquinavir in combination with 1 NRTI and

no NNRTIs; and 4) an abacavir or tenofovir containing regimen of 3 or more NRTIs in the

absence of both PIs and NNRTIs, except for the 3 NRTI regimens consisting of abacavir +

tenofovir + lamivudine, or didanosine + tenofovir + lamividune. All other antiretroviral

regimens were classified as non-HAART regimens. Participants reporting no HAART use at

a particular study visit may have reported the therapy at prior visits or later ones; the time-

varying nature of the analysis allowed us to include all reports while controlling for the

effects of time.

2.2.4. Covariates—CD4 counts were measured by immunofluorescence using flow

cytometry at laboratories participating in the AIDS Clinical Trials quality assurance

program. P lasma HIV-RNA levels were measured using a nucleic acid sequence-based

amplification technique (Organon Teknika, Durham, USA). To measure poorest level of

immune functioning, each woman's nadir CD4 was coded as “high” if greater than 500, and

“medium” if 200-500, with less than 200 as the reference category. To measure peak viral

concentration, apex HIV-RNA was coded as “low” (<=10,000) or “high” (>10,000) based

on National Institutes of Health (2006) guidelines for HAART use that were in effect at the

study's midpoint, with the latter used as the reference category. Ethnicity was assessed as

African American, Hispanic/Latina, and Caucasian/other. Those who had completed high

school or a General Equivalency Degree (GED) were coded as “1” with all others coded as

“0.” Age at baseline was measured in decades, per ten-year increase. Finally, each of the six

sites was represented by an indicator variable, with Chicago serving as the arbitrary

reference category.

2.3. Statistical Analysis

Sixteen waves of semiannual data from the seropositive cohort of the WIHS were analyzed,

including all study visits from April 1996 through March 2004. Descriptive, univariate, and

bivariate statistics were computed for all variables. The probability of utilizing HAART (vs.
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not) at all study visits was calculated by fitting random effects logistic regression models

(Gibbons and Hedeker, 1996). The models tested included illicit drug use, probable

depression, and their interaction, along with control variables for clinical factors (CD4, HIV-

RNA), sociodemographic features (age, race/ethnicity, education), and time (study visit

number). This model included both fixed covariates (age at baseline, ethnicity, high school

education, nadir CD4, apex HIV-RNA), and time varying variables (HAART use, illicit

drug use, probable depression, study visit). Because we were interested in the longitudinal

association between drug use/depressive symptoms and subsequent HAART use, we

examined associations between drug use and depressive symptoms prior to each study visit

and related these to HAART use at the time of the subsequent study visit. Thus, temporal

ordering was structured into the analysis by the nature of the variables included in the

model. Average proportional odds ratios were calculated for each model variable from

MIXOR parameter estimates.

Random effects regression modeling (using MIXOR 2.0) was chosen because of its

sensitivity to serial correlation, ability to handle missing data, and the need to include both

fixed and time-varying variables. Serial correlation resulting from repeated measures of the

same individual is a critical issue in longitudinal data analysis, often resulting in

unrealistically low standard errors of the fixed effects of interest, and biased tests of

hypotheses due to type I or “false positive” errors (Gibbons et al., 1993). Individuals in a

study may also be expected to have varying propensities toward the outcomes of interest,

due to varying predispositions and other unobserved influences (Hu et al., 1998). The

random intercept statistically accounts for such heterogeneity, and can be thought of as

representing each individual's baseline propensity toward use of HAART. Missing

observations can be of particular concern in longitudinal data analysis, since participants

commonly miss assessments, either sporadically or consistently. RRM models assume that

data are “missing at random” and are, therefore, in the category of ignorable nonresponse,

which has been shown to result in valid statistical inferences for the model parameters in

RRM (Hedeker & Gibbons, 1997).

3. Results

3.1. Background Characteristics

Table 1 presents the background characteristics of the 1,710 women included in the analysis

at study baseline and 8 years later at their last follow up visit. At the time of the last study

visit, 62% (n=1,058) of the cohort was still active, defined as having had a study visit within

the prior 12 months. Of the 652 women no longer active, 405 had died (24% of the initial

cohort), and these deaths accounted for the majority of study attrition (62%). About half of

the deaths (49%) were ascertained to be AIDS-related, 33% were non-AIDS related, and the

remaining 18% were unknown or indeterminate (Cohen et al., 2002).

3.2. Frequency of Illicit Drug Use

We began by examining the frequency of self-reported illicit drug use in the cohort over

time. Starting with the first study visit, crack use was more common (13.2%) than use of

heroin (7.4%), cocaine (6.9%) or amphetamines (4.3%), and this relative difference between
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the three drugs was maintained throughout the study. Reported use of illicit drugs also

declined over time for all four substances. At the most recent study visit, crack use was

reported by 7.6%, heroin by 3.5%, cocaine by 1.8%, and amphetamines by 1.2%.

3.3. Associations Between Drug Use, Depressive Symptoms, and HAART Likelihood

Next, we examined the relationship between illicit drug use and HAART use. We plotted the

proportions of women on HAART at each study visit by whether or not they reported illicit

drug use since the prior study visit. At every study visit, the unadjusted proportions of

women on HAART were greater for women not reporting recent use of illicit drugs than for

those reporting use of these drugs (not shown).

We then turned to the relationship between depressive symptoms and HAART use. We

examined the proportion of women using HAART by whether or not their depressive

symptom levels indicated probable depression in the month prior to each study visit. At

every visit, the unadjusted proportions of women on HAART were greater for women not

reporting recent depression than those reporting depressive symptoms (not shown). This was

true using the traditional CES-D cutoff 16, as well as the more stringent cutoff of 23.

3.4. Relationships Between Drug Use and Depressive Symptoms

To explore the relationship between illicit drug use and depression (again using both CES-D

cutoffs) we calculated bivariate correlations between depression and recent crack, cocaine,

heroin, or amphetamine use for all study visits (not shown). Significant zero-order

correlations between the two were found beginning with visit 3 and continuing throughout

all subsequent time points. These showed that women reporting illicit drug use in the past

six months were more likely to report depression at the next study visit.

3.5. Multivariate Analysis of Drug Use, Depressive Symptoms and HAART

To test for an interaction between depressive symptoms and recent crack, cocaine, heroin or

amphetamine use, we classified the women into 4 categories at each study visit: 1) probable

depression (using the more stringent CES-D>= 23 cutoff) + recent illicit drug use; 2)

probable depression + no recent illicit drug use; 3) recent illicit drug use + no probable

depression; and 4) no probable depression + no illicit drug use. The first 3 categories were

used as time-varying variables in the same random regression model (with no use/no

probable depression as the contrast) controlling for the same covariates. Results, presented

in Table 3, showed that, compared to women with no depression or illicit drug use, HAART

use was significantly less likely among women with depression plus illicit drug use, and also

less likely among women with recent illicit drug use alone. The difference between women

with depression but no drug use compared to those with neither was not statistically

significant. To test this model with a less stringent definition of probable depression, it was

re-run using the traditional cutoff of 16. Results (not shown) were virtually identical, with

the same interaction terms remaining significant in the model.

To examine the interaction visually, we graphed the proportion on HAART at each study

visit, by the 4 categories of recent illicit drug and depression using the CES-D cutoff of 23.

As shown in Figure 1, with some small variations in early study visits, the lowest
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proportions of women on HAART were those with depression plus drug use throughout the

time period studied. The next lowest proportions were among women who used illicit drugs

but did not screen positive for depression. Conversely, the largest proportions of women on

HAART were the group of women reporting neither depression nor recent illicit drug use,

followed closely by those women who screened positive for depression, but reported no

illicit drug use.

4. Discussion

The results of our analysis suggest that illicit drug use and high levels of depressive

symptoms are significantly associated with one another. We also found that the effects of

depression interacted with those of illicit drug use to suppress the initiation and use of

HAART over time. Another important finding is that illicit drug use without co-occurring

depression also decreases subsequent HAART use in comparison to the occurrence of

neither. However, in the absence of illicit drug use, high levels of depressive symptoms

alone did not reduce the likelihood of later HAART use. Thus, when considering the relative

effects of illicit drugs and depression, while illicit drug use alone is significantly associated

with reduced likelihood of HAART, depression alone is not.

One potential way that illicit drug use may affect HAART likelihood is through its effects

on health service utilization. In previous studies of the WIHS cohort, current injection drug

use was associated with missed primary care appointments (Palacio et al., 2004), while

recent crack, cocaine and heroin use was associated with less optimal patterns of health

service utilization such as not seeing the same provider consistently and infrequent primary

care visits (Burke-Miller et al., 2006). In a study of injection drug users with HIV infection,

Bouhnik et al. (2004) found a significant association between cessation of injection drug use

and engagement in treatment for HIV, including use of ART. Since optimal patterns of

health care such as more outpatient visits, less use of inpatient and emergency care, and

seeing the same provider consistently have been associated with greater HAART use in prior

studies of the WIHS and other cohorts (Burke-Miller et al., 2006; Fleishman et al., 2005;

Gebo et al., 2005), it may be that illicit drug use affects health care utilization in ways that

lower HAART likelihood.

Beyond issues of access to care and utilization of health services, the finding that HIV-

positive users of illicit drugs are less likely to be on HAART has been hypothesized to be

the result of providers withholding HAART from active drug-users because of concerns

about adherence or other issues (Bangsberg and Moss, 1999; Celentano et al., 2001; Crisp et

al., 2004). While we were unable to address the effects of provider experience and expertise

in this study, it is possible that these influences were operating in the study population. If so,

medical provider education specifically focused on management of HAART among active

drug users has the potential to enhance HAART utilization in this and other cohorts.

This study's results also suggest that efforts to assess HIV-seropositive women for

depression should be encouraged among health service providers in a wide variety of

settings, as others have proposed (Ickovics et al., 2001; Sherbourne et al., 2000). Since

individuals from various cultures experience and express depressive symptoms differently
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(Chamberlain et al., 2000; Goldberg and Lecrubier 1995; Weissman et al., 1996), the finding

of lower HAART likelihood among African American women in this study suggests that

assessment and referral must be culturally sensitive to individuals of African heritage (Abas

et al., 1998; Chamberlain et al., 2001) as well as those who are illicit drug users (Golub et

al., 2004). Others have suggested that clinicians can optimize the care they provide for

minority patients by using a cultural competence framework that explores the meaning of

the illness to the patient, and enhancing patient-provider communication by negotiating

treatment plans across the patient-physician culture, as well diversifying their clinical staff

(Stone, 2004). Still others note that physician-patient interaction should take into account the

co-occurrence of physical and sexual abuse, substance use, and depression among African

American women at risk for or infected with HIV (Johnson et al., 2003).

Another need suggested by this study's results is for depression therapies that have been

proven effective among women with a history of illegal drug use. For example,

pharmacotherapy plus psychotherapy has been shown to be effective in treating active

injection drug users with both major depression and substance-induced depression (Stein et

al., 2004). Cognitive behavioral therapy may be especially useful in this population when

immediate changes in lifestyle and behavior are called for (Dean et al., 2000). The previous

finding in the WIHS cohort of greater HAART likelihood among depressed women who

receive psychopharmacolgic and psychotherapeutic treatment for depression bolsters this

proposal (Cook et al., 2006).

Some caveats to our findings include the fact that our sample is a longitudinal cohort and not

a representative sample of all U.S. women with HIV infection. Thus, our results are not

necessarily generalizable to the larger population of HIV-positive women. Another study

limitation concerns the use of the CES-D depression rather than research quality diagnostic

instruments such as the Structured Clinical Interview for the Diagnostic and Statistical

Manual, or the Composite International Diagnostic Interview. Our inability to assess the

level of HIV experience of women's HIV care providers is another study limitation that

bears specific mention. We are unable to say whether lower use of HAART among users of

illicit drugs is due to the woman's choice, her physician's unwillingness to prescribe HAART

given her drug use, physician inexperience, or some combination of these factors.

While ours is not the first study to connect depression and illicit drug use to lower use of

HAART, our finding of an interaction effect between the two can be considered a call to

action. Given the accumulated evidence from our research and that of others, concerted

efforts to address both depression and substance abuse are needed, especially among women

who remain untreated with HAART over long periods of time. We now possess the means

to treat all three of these conditions with evidence-based behavioral health and antiretroviral

therapies. What remains is the will, the funding, and the training needed to make an

approach to genuinely comprehensive HIV treatment a reality.
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Figure 1.
Proportion on HAART by illicit drug use and probable depression over time. Illicit drug use = crack, cocaine, heroin, and

amphetamine use in past 6 months. Probable depression = Centers for Epidemiologic Studies – Depression Scale (CES-D) score

>=23.
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Table 2
Random effects logistic regression analysis of longitudinal HAART use among women

with HIV (N=1710) from 4/96-3/04: Effects of interaction of probable depression
1
 and

recent crack, cocaine, heroin, or amphetamine use, controlling for study site

HAART Use

Characteristic Estimate
2
 (Standard Error) Odds

3
 Ratio p-value

Time (study visit) 0.24 (.00) 1.27 .000

Probable depression + crack, cocaine, heroin use -0.72 (.13) 0.49 .000

Probable depression + no crack, cocaine, or heroin use -0.07 (.06) 0.93 .ns

Crack, cocaine, or heroin use + no probable depression -0.29 (.12) 0.75 .01

No probable depression + no crack, cocaine, or heroin use (reference) (reference) --

Age (in years) 0.01 (.01) 1.01 ns

African American -0.41 (.13) 0.67 .000

Hispanic/Latina -0.10 (.16) 0.91 ns

Caucasian (reference) (reference) --

High school education 0.25 (.11) 1.28 .003

High CD4 (>500) 0.26 (.09) 1.30 .000

Medium CD4 (200-500) 0.00 (.07) 1.00 ns

Low CD4 (<200) (reference) (reference) --

High RNA viral load (>=10,000) -1.76 (.06) 0.17 .000

Low RNA viral load (< 10,000) (reference) (reference) --

1
Probable depression = CES-D score >=23. Highly similar results were obtained with this model using the traditional CES-D cutoff of 16.

2
Unstandardized random regression coefficient (MIXOR), sign indicates direction of effect

3
Average proportional odds ratio

Source: Women's Interagency HIV Study-1996-2004
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