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Abstract 

Background: Adherence to ART is associated with improved HIV prognosis and 

reduced mortality among HIV-infected individuals. Research suggests that adherence 

is improved with modern single-tablet ART regimens. Few studies have investigated 

the differential effects of specific illicit drugs on ART adherence; this gap is 

increasingly important in the era of marijuana legalization.  

Objective: We estimated the effects of overall illicit drug use, with specific attention 

to crack and marijuana use, on ART adherence among HIV-infected women in the 

United States.  

Methods: The Women’s Interagency HIV Study (WIHS) is the largest prospective 

cohort study of HIV among US women. Participants in this analysis were ART-

exposed HIV-infected women, recruited in three enrollment cohorts: 1994-95, 2001-

02 and 2011-12. Illicit drug use and ART adherence were self-reported at paired 

consecutive semiannual visits from April 2003 to March 2014. We applied the 

generalized estimating equations method with a log link function and a working 

exchangeable correlation structure to model sub-optimal (<95%) adherence on 

exposure data collected at the previous visit. Single-tablet ART regimen was 

considered as a potential effect modifier. Missing values for drug use and covariates 

were imputed.  

Results: The study population was comprised of 1,799 women, who contributed a 

total of 23,787 person-visits to the analysis. Adjusted for calendar time, baseline age, 

race, education, marital status, parity, AIDS diagnosis, depressive symptoms, HIV-

related clinical symptoms, STI, drinking, current smoking, ever injection drug use, 
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CD4+ count, detectable HIV viral load, class of ART regimen, single-tablet ART 

regimen, and enrollment cohort, illicit drug use was significantly associated with sub-

optimal adherence (Prevalence ratio (PR)=1.20; 95% confidence interval (CI): 1.10 to 

1.31). Compared to non-drug users, women using crack, but not marijuana (PR=1.39; 

95% CI: 1.18 to 1.64), both crack and marijuana (PR=1.48; 95% CI: 1.24 to 1.77), 

and other drugs (PR=1.41; 95% CI: 1.19 to 1.67) all had significantly higher 

prevalence of sub-optimal adherence. No significant association was seen for 

marijuana use only (PR=1.05; 95% CI: 0.94 to 1.16). No significant interaction 

between illicit drug use and single-tablet regimen was seen. 

Conclusions: In this cohort of HIV-infected women, crack use was significantly 

associated with about 40% increase in the prevalence of sub-optimal adherence to 

ART, with marijuana use only having no significant impact on adherence. These 

findings highlight the importance of assessing, monitoring, and intervening on illicit 

drug use, and in particular crack use, to maintain effective ART adherence and 

consequent health outcomes among HIV-infected individuals.  
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Background 

The use of antiretroviral therapy (ART) has substantially slowed down disease 

progression and reduced HIV/AIDS associated mortality among people living with 

HIV. However, such positive impact can be attenuated by decreased adherence to 

ART. Adherence to older ART regimens was difficult because of high pill burden, 

complicated dosing schedules, and potential side effects. Once-daily, single tablet 

ART regimens, however, are easier to adhere to, with sustained treatment outcomes.   

The impact of ART on clinical outcomes  

Highly active antiretroviral therapy (HAART) was introduced in 1996 and has been 

widely used among HIV-infected individuals ever since. Evidence from early clinical 

trials showed that HAART substantially prolongs survival and slows down HIV 

disease progression, as compared to early combination therapy (Hammer 1997; 

Cameron 1998). Consistent findings were also reported from observational studies in 

the early days of HAART. Detels et al compared time to AIDS and time to death in 

1984-1990, 1990-1993, 1993-1995, and 1995-1997, corresponding to the no therapy, 

monotherapy, combination therapy, and ART eras using data from the Multicenter 

AIDS Cohort Study (MACS), a multicenter study of the natural history of HIV 

infection in US men who have sex with men (Detels 1998). The study found that the 

time to AIDS and the time to death were both substantially extended in 1995-1997 as 

compared to the monotherapy time period. Palella and colleagues have reported 

consistent findings and found that the mortality rate dropped from 29 per 100 person-

years in early 1995 to 9 per 100 person-years by the second quarter of 1997 among 

HIV-infected patients in eight US cities (Palella 1998).  
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In 2006, a one-tablet-once-daily potent ART regimen composed of tenofovir (TDF), 

emtricitabine (FTC), and efavirenz (EFZ) was introduced, and two more 

coformulations of once-daily combination regimens with the backbone of TDF and 

FTC became available in 2011 and 2012 respectively: one with rilpivirine (RPV) (De 

Clercq 2012) and the other with elvitegravir (EVG) and cobicistat (COBI) 

(Marchancd 2012).  

A few recent studies have examined the impact of single-tablet regimens on treatment 

outcomes since 2006. In a randomized clinical trial, Hodder and colleagues found that 

there were no significant changes in the quality of life for physical and mental 

components throughout the study among participants switching to EFC/FTC/TDF 

single-tablet regimen and participants who were randomized to continue their baseline 

regimen, suggesting that quality of life were maintained after switching to the single-

tablet regimen (Hodder 2010). In addition, sustained improvements in HIV-related 

clinical symptoms (i.e., diarrhea, bloating/pain/gas in the stomach, changes in body 

appearance, and problems having sex) have been found after participants switched to 

the single-tablet regimen (Hodder 2010).  

Studies have examined the impact of different timing for ART initiation (Mitahata 

2009; Hughes 2008; The Strategies for Management of Antiretroviral Therapy 

(SMART) Study Group 2006; Hogg 2001). Mitahata and colleagues found that the 

risk of death was increased by 69% and 94% among patients who deferred ART 

initiation, as compared to those who initiated therapy with a CD4+ count from 351-

500 cells/mL, and >500 cells/mL, respectively (Mitahata 2009). The findings of this 

study, and others, resulted in changes to the Guidelines for Antiretroviral Therapy, 

which now recommend initiating ART for all HIV-infected individuals regardless of 
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the pretreatment CD4+ count (Panel on antiretroviral guidelines for adults and 

adolescents, 2014). 

The impact of low adherence to ART on clinical outcomes 

Despite the potential for ART to improve prognosis, this positive impact of ART can 

be attenuated by low adherence to HIV regimens. Multiple studies have shown that 

sub-optimal adherence is associated with increased risk of resistant viral strains, 

virologic failure, opportunistic infections, disease progression and mortality.  

Le Moing and colleagues found that low adherence to ART was associated with a 

two-fold increase in the hazard of viological rebound, as compared to high or 

moderate adherence in a prospective study (Le Moing 2002). In another large 

prospective cohort study, Maggiolo and colleagues reported similar findings that low 

adherence was significantly associated with viological rebound, and further suggested 

that various therapies had different patterns regarding the impact of adherence on the 

selection of resistance-inducing viral mutations.  

In a cohort of HIV-infected, urban adults with a high risk of non-adherence, lower 

adherence level measured by pill counts was found to be significantly associated with 

HIV progression to AIDS, after adjusting for potential confounders (Bangsberg 2001). 

Another study also found that patients with adherence higher than 95% had 

significantly shorter hospitalizations than those with less than 95% adherence 

(Paterson 2000). In the study conducted by Lima et al., it was reported that 

nonadherence to ART was significantly associated with 3.1 times the hazard of all-

cause mortality among HIV-infected, antiretroviral therapy-naïve patients in Canada 

(Lima 2009). Nonadherent patients on boosted protease inhibitor (PI)-based regimens 
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and nonnucleoside reverse transcriptase inhibitor (NNRTI) had, respectively, 3.3 

times and 3.6 times the hazard of all-cause mortality than adherent patients in this 

cohort (Lima 2009). These findings consistently suggest that lower adherence to ART 

has a detrimental impact on health outcomes among HIV-infected populations.  

Measurement of ART adherence  

In previous studies, researchers have used a variety of measurements to estimate ART 

adherence. The two most widely used methods are self-reported measures and 

electronic monitoring devices (Levine 2006). It has been hypothesized that social 

desirability and recall bias are likely to impact the validity of self-reported data 

(Wagner 2004; Chesney 2000). Multiple studies have compared these two approaches 

and found that self-report estimates were consistently higher than estimates obtained 

from other approaches (Levine 2006. Kimmerling 2003; Wohl 2003; Paterson 2002; 

Arnsten 2001). However, other more recent studies have shown that self-reported 

values have significantly high correlation with other measures, and have comparable 

validity (Buscher 2011; Bulgiba 2013). In a review conducted by Simoni and et al., 

84% of the reviewed studies indicated that self-reported adherence was significantly 

associated with HIV-1 RNA viral load and 62% of the reviewed studies found that 

significant association between self-reported data and CD4+ count (Simoni 2006). 

The most common question for the self-reported adherence measurement was about 

the number of prescribed doses the participant had missed in the prior specified time 

period (Simoni 2006). Given its easy and cost-effective implementation in clinical 

settings, self-reported measurement is thus recommended for routine medication 

adherence monitoring among HIV-infected patients (Thompson 2012; Simoni 2006).  
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The cutoff for minimum optimal ART adherence 

Early studies have found that 95% or higher adherence level was required for 

effectively achieving viral load suppression. In one study investigating the effect of 

different levels of adherence to unboosted protease inhibitor therapy from 1997 to 

1999, Paterson and colleagues found that the probability of viologic failure among 

patients with adherence of ≥95%, 80-94.9%, and <80% were 22%, 61% and 80%, 

respectively (Paterson 2000). These findings suggested that ≥95% adherence to 

unboosted protease inhibitor therapy was necessary to maintain viral load suppression 

among HIV-infected patients.  

There have been dramatic changes in HAART regimens since then: from complex 

regimens to newer coformulations with improved pharmacokinetics and easier 

administration, including boosted PI-based regimens and one-tablet-once-daily 

regimens (Kobin 2011). Shuter et al. evaluated virologic outcomes among patients 

using boosted PI-based regimens at different levels of adherence and found that 80% 

of virologic suppression was reported among patients with 78%-93% adherence levels 

(Shuter 2007). Martin and colleagues examined the association between adherence 

level and RNA viral load with respect to different types of ART regimens (i.e., 

NNRTI, boosted PI, and unboosted PI-based regimens) (Martin 2008). They found 

that the relative risk of virologic failure in patients with adherence lower than 90% 

was 2.5 comparing those taking unboosted PI to boosted PI. No significant difference 

in the risk of virologic failure has been observed between participants taking NNRTI 

and boosted PI. These findings suggest that there were differences in the treatment 
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related endpoints such as medication adherence among different types of ART 

regimens, especially comparing unboosted PI to boosted PI.  

A recent study from the Multicenter AIDS Cohort Study (MACS) reexamined the 

minimum required adherence needed to optimize virologic outcomes using data from 

2006 to 2011 (Viswanathan 2014). HIV RNA suppression defined as ≥80% viral 

suppression was observed among participants with 80-84% adherence to ART, and 

the odds ratio of viral suppression comparing adherence level of 80-84% to ≥95% was 

not statistically significant (Viswanathan 2014). These findings suggest that ART 

regimens in the current era may not require as high as 95% adherence level to reach 

effective viral load suppression.  

Risk factors for sub-optimal adherence to ART 

It has been summarized that patient-related factors including substance and alcohol 

abuse were two principal factors associated with nonadherence to ART (Chesney 

2000). Multiple studies have extensively investigated the impact of substance use on 

medication adherence (Slawson 2014; Gierson 2011; Lucas 2011; Lee 2009; Hinkin 

2007; Lazo 2007; Lucas 2001; Arnsten 2002). Lucas and colleagues have found that 

active drug use was significantly associated with reduced adherence to antiretroviral 

therapy, and ultimately with clinical outcomes among HIV-infected individuals 

(Lucas 2011; Lucas 2001). Chander and colleagues reported that hazardous drinking 

was independently associated with 35%, 54%, and 35% decrease, respectively, in the 

odds of ART utilization, ART adherence, and ultimately viral load suppression, as 

compared to no alcohol use (Chander 2006). They further found that concurrent 

hazardous alcohol and illicit drug use exacerbated the negative effect and was 
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associated with lowest odds of ART utilization, ART adherence and viral suppression, 

among different combinations of alcohol and illicit drug use (Chander 2006).    

Treatment related factors have also been examined (Grierson 2011; Hanna 2007; Lazo 

2007). It has been consistently found that single-table regimen improved the 

medication adherence. Bangsberg and colleagues reported that ART adherence was 

significantly higher among people using EFV/FTC/TDF single-tablet regimen as 

compared to those using more complex regimens among HIV positive homeless and 

marginally housed people (Bangsberg 2010). They further found that the observed 

impact of this single-tablet regimen on viral suppression was mediated by ART 

adherence (Bangsberg 2010). In another recent study using longitudinal data from the 

WIHS, Hanna and colleagues examined the impact of single-tablet ART regimen use 

on ART adherence during 2006 to 2013. Among this cohort of HIV-infected women, 

single-tablet regimen use was significantly associated with 5% and 6% increase, 

respectively, in the likelihood of optimal ART adherence and virologic suppression 

(Hanna 2014). They found that the prevalence of single-tablet regimen use increased 

from 7% in 2006 to 27% in 2013. Meanwhile, the prevalence of adherence to ART 

significantly increased from 78% to 85% (Hanna 2014).  

Lazo and colleagues found that the use of a PI-based regimen predicted decreasing 

adherence among both women and men, as compared to NNRTI-only HAART 

regimen (Lazo 2007). Among HIV-infected women in the Women’s Interagency HIV 

Study (WIHS), using a PI-based regimen was associated with a 35% increase in the 

odds of lower adherence (Lazo 2007). They also reported that decrease in the number 

of antiretroviral drugs was significantly associated with 29% decrease in the odds of 

reduced adherence among women (Lazo 2007).  
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In addition, prior work was also focused on the impact of psychiatric disorders on 

medication adherence. Depression may contribute to lower medication adherence 

rates among active drug users (DiMatteo 2000). In a meta-analysis review, Gonzalez 

and colleagues found that symptoms of depression were independently associated 

with decreasing adherence to ART among HIV-infected individuals (Gonzalez 2011). 

In the reviewed studies, depression was defined according to the Diagnostic and 

Statistical Manual of the Mental Disorders (editions III-IV-TR) by multiple methods 

including self-reported measurement, the screen test of center for epidemiologic 

studies depression scale (CES-D) (Radloff 1977), interviews and medical record 

abstractions (Gonzalez 2011). The observed association was consistent across 

selected samples and over time, and was robust to measurement errors from self-

report methods and recall bias (Gonzalez 2011).  

Other prior work has examined the impact of factors such as age, race/ethnicity, and 

socioeconomic status on medication adherence (Grierson 2011; Lazo 2007). Oh and 

colleagues found that, among a national cohort of HIV-infected homosexual and 

bisexual men, Whites reported 100% adherence at 44% of study visits, while 

Hispanics and Blacks reported 100% adherence at only 32% and 28% of the study 

visits, respectively (Oh 2009). After adjusting for potential confounders, Hispanics 

and Blacks had 2.2 and 1.4 times the odds of reporting <100% adherence as compared 

to White participants (Oh 2009). In a national sample of HIV-infected Australians, 

being ≥50 years of age was significantly associated with reported difficulty taking 

ART, which was highly associated with self-reported adherence (Grierson 2011).  

The association between illicit drug use and ART adherence  
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In the United States, injection drug use accounts for 24% of HIV infections among 

female adults and adolescents (CDC 2013). Previous studies have suggested that 

HIV-infected drug users have three distinct disadvantages regarding ART: sub-

optimal access (Wolfe 2010; Olatosi 2009; Celentano 1998; Strathdee 1998), 

initiation at more advanced disease stages (Wang 2004; Celentano 2001), and sub-

optimal adherence (Gonzalez 2013; Cohn 2011; Hinkin 2007; Palepu 2003; Lucas 

2001; Stein 2000). Central to the present study is the finding that illicit drug use may 

be associated with sub-optimal ART adherence among HIV-infected individuals.  

Existing literature describing the impact of active illicit drug use on adherence to 

ART has been consistent. Previous studies have found that active drug users have 

sub-optimal adherence to ART, compared to former and non-drug users (Gonzalez 

2013; Cohn 2011; Hinkin 2007; Palepu 2003; Lucas 2001; Stein 2000). Among HIV-

infected patients in opioid dependence treatment, Gonzalez et al. found that using 

cocaine and multiple substances was significantly associated with decreased ART 

adherence and further reported that such association was mediated by substance use 

coping (Gonzalez 2013). Cohn and colleagues found that hard drug use, defined as 

cocaine, amphetamines, or heroin use, was significantly associated with 2.1 times the 

odds of non-adherence to ART among AIDS patients in a multicenter cohort study 

(Cohn 2011). In this longitudinal study, patients who reported using cocaine recently 

had 2.6 times the odds, and those who reported using methadone had 2.3 times the 

odds, of non-adherence to ART (Cohn 2011), compared to non-hard-drug users. In 

addition, Hinkin and colleagues compared adherence rates among actively drug users 

versus non-users, and reported that the observed reduced adherence among stimulant 

using group was associated with adverse effects of drug use itself instead of the 
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characteristic of individuals who use stimulants. These findings suggest that active 

illicit drug may have a detrimental acute impact on adherence. Potential mechanisms 

include neurocognitive deficits, psychosocial impairment, and inconsistent lifestyles 

(Tucker 2004; Chang 2002; Volkow 2001).  

Marijuana legalization  

As of February 2015, twenty-three states and the District of Columbia have laws 

legalizing marijuana either for medical use or recreational use (Governing 2015). In 

studies of HIV-infected US women, the most commonly reported reasons for current 

marijuana use were relaxation, appetite stimulation, for social situations, and for 

reductions of HIV symptoms such as nausea, anorexia, and pain (D’Souza 2012; 

Prentiss 2004). Despite growing legal access to marijuana, evidence examining the 

impact of marijuana use on medication adherence remains limited. In a longitudinal 

prospective cohort of HIV-infected illicit drug users in Canada, Slawson et al. 

observed no association between high-intensity cannabis use and sub-optimal 

adherence to ART, after adjusting for other illicit drug use (Slawson 2014). In the 

WIHS, however, current marijuana use was significantly associated with a 40% 

decrease in the odds of adherence to ART (D’Souza 2012). This observed association 

was not adjusted for other illicit drug use, and it was based on the data through 2010.  
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Specific Aims and Hypotheses 

Previous studies in the Women’s Interagency HIV Study (WIHS) looking at risk 

factors for sub-optimal adherence to ART have examined such factors as racial/ethnic 

disparities, sexual behaviors, drug abuse treatment modalities, and pill burden (Hanna 

2014; Lillie-Blanton 2010; Kapadia 2008; Wilson 2002). However, little is known 

regarding the relationship between illicit drug use and adherence to ART among US 

women in the current modern ART era. It remains unclear whether the use of one-

tablet-once-daily ART regimens impacts the association between illicit drug use and 

ART adherence, or whether any effect of illicit drug use on ART adherence differs by 

specific illicit drugs.  

The objectives of this study were to examine the overall and drug-specific impact of 

illicit drug use on ART adherence in a cohort of HIV-infected women. The specific 

aims of this study were: 

Aim 1: To examine the longitudinal association between illicit drug use and 

adherence to ART.  

      Hypothesis 1: Women reporting any active illicit drug use will have poorer 

adherence to ART, as compared to non-drug users.  

Aim 2: To assess whether any effect of illicit drug use on ART adherence varies by 

specific drug used.  

      Hypothesis 2: Adherence to ART will vary across different drugs. 
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Methods 

Study Population 

The Women’s Interagency HIV Study (WIHS) is the largest ongoing prospective 

cohort study of HIV among women in the United States. HIV-infected and uninfected 

women were enrolled at six clinical consortia in 1994-1995, 2001-2002, and 2011-

2012. Recruitment took place at HIV primary care clinics, hospital-based programs, 

community outreach sites, support groups and other locations (Bacon 2005; Barkan 

1998). Four additional study sites from the southern US were included and enrolled 

participants during 2013-15. The demographic composition of study participants in 

the WIHS is representative of the US female HIV-infected population (CDC 2015; 

Barkan 1998).  

WIHS participants are followed semiannually with structured interviews, specimen 

collection and clinical examination. Self-reported data include general medical history, 

antiretroviral therapy use, obstetric and gynecologic history, substance use including 

drugs, alcohol, and cigarettes, sexual behaviors, health care utilization, beliefs 

regarding HIV treatments and psychological status (Bacon 2005). AIDS-related 

diagnoses are followed up with medial record abstractions. Physical examinations 

conducted at each study visit include assessment of vital signs with blood pressure, 

anthropometric measures, examinations of the breast, lymph nodes, skin, and 

abdomen. All participants provide blood, urine, and cervicovaginal swab and lavage 

fluid specimens at enrollment and every 6 months for lab testing as well as 

cryopreservation at local and central repositories. All participants provide written 

informed consent for research participation and access to their medical records 
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(Bacon 2005). All study forms and procedures have been approved by the institutional 

review boards at the individual sites and the Johns Hopkins Bloomberg School of 

Public Health. 

Inclusion Criteria 

Our analysis included data collected between April 1, 2003 and March 31, 2014. 

WIHS participants eligible for inclusion were HIV-infected women who reported 

being prescribed ART at any visit during the study period, and who provided 

information on illicit drug use at their first visit during the study period. From 1,911 

eligible participants, we excluded 112 women who didn’t have at least 2 consecutive 

follow-up visits.  

Exposure of Interest 

For Specific Aim 1, our exposure of interest was illicit drug use, defined as reporting 

use of any of the following drugs: marijuana, crack, cocaine, heroin, speedball, 

methamphetamines, club drugs, or non-prescribed prescription drugs (e.g., 

amphetamines, narcotics, hallucinogens). We dichotomized this exposure of interest 

as a binary variable (yes/no) based on participants’ responses indicating any active 

illicit drug use at each study visit.  

For Specific Aim 2, our exposure of interest was the specific drug used. Specific drug 

use was categorized as: marijuana use only, crack use but no marijuana use, both 

marijuana and crack use, and other drug use, with no illicit drug use as the reference 

group.  
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Type and use of illicit drugs are assessed in the WIHS at each semiannual study visit 

by asking the participant about her use of specific drugs since her last study visit. We 

used time-varying exposure variables for both aims in our analyses.  

Outcome of Interest 

ART adherence is assessed in the WIHS at each study visit by asking the participant 

about the proportion of time she took ART as prescribed over the past 6 months, 

categorized as follows: <75% of the time, 75-94%, 95-99%, and 100% of the time. 

We dichotomized the responses as <95% or ≥95% to be consistent with the literature 

(Slawson 2014; Wilson 2002; Paterson 2000). Sub-optimal adherence was defined as 

<95% adherence to one’s ART regimen. The construct validity is supported by a 

WIHS study by Wilson et al., which found significant associations between sub-

optimal adherence and subsequent detectable HIV viral load (Wilson 2002).  

Definition and Measurement of Potential Confounders 

For these analyses, race/ethnicity was categorized as follows: Black non-Hispanic, 

Hispanic, and other (including White, Asian, Pacific Islander, American Indian, 

Alaskan native, and other). Education was assessed at WIHS enrollment and carried 

forward at each study visit. Categories used in the analysis were less than high school, 

high school, and more than high school. Annual income data are assessed at each 

study visit and were dichotomized into ≤$12,000 or >$12,000 per year. Other 

sociodemographic characteristics of interest included age at the first visit during the 

study period, employment (yes/no) and housing status. Impermanent housing was 

defined as either currently living in rooming/boarding house, shelter/welfare house, 
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on street, in jail, residential treatment facility, or other places. Use of health insurance, 

visits to a health care provider, and hospitalization during the six months preceding a 

follow-up visit were assessed as components of health care utilization. Marital status 

and parity were also assessed at each follow-up visit. Marital status was categorized 

as follows: single and never married; married or currently living with a partner; 

widowed, divorced or separated; and other.  

Symptoms of depression were assessed using the Center for Epidemiologic Studies 

Depression scale (CES-D) (Radloff 1977). For our analysis, a cutoff of 23 was used 

as indicative of depressive symptoms. This cutoff has been suggested for populations 

such as drug users who tend to have higher prevalence of depression, to increase the 

specificity of the instrument (Golub 2004; Perdue 2003; Johnson 1998; 

Weissman1977). Self-reported sexually transmitted infections (STI) included syphilis, 

gonorrhea, chlamydia infection, pelvic inflammatory disease, genital herpes, genital 

warts, trichomonal vaginitis, and other parasitic infections (both bacterial and yeast 

infection). The presence of the following specific HIV-related clinical symptoms was 

also considered in analysis: fever (temperature over 100°F) for more than one month; 

chronic diarrhea with severe weight loss for more than one month; unintentional 

weight loss of >10 lbs for more than one month; memory concentration problems for 

more than 2 weeks; numbness, tingling or burning in limbs for more than 2 weeks; 

difficulty with mental tasks; or drenching night sweats since previous study visit. A 

time-varying binary variable for any specific HIV-related clinical symptoms was 

created for this analysis.  

AIDS was defined as an opportunistic illness or malignancy, identified by the 1993 

Centers For Disease Control and Prevention clinical definition (CDC 1992). CD4+ T-
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cell count and plasma HIV viral load were also assessed as potential confounders at 

each study visit. Laboratories conducting the flow cytometry were certified by the 

National Institutes of Health Division of AIDS flow cytometry proficiency testing 

program (Bacon 2005). CD4+ cell count was categorized as follows: <350, 350-499, 

and ≥500 cells/mL. Viral load was quantified using an isothermic RNA amplification 

method in laboratories certified by the National Institutes of Health, Viology Quality 

Assurance HIV RNA Proficiency Program (Bacon 2005). The lower limit of 

quantification for HIV RNA load was 80 copies/mL at study entry and decreased to 

20 copies/mL in 2014. For our analyses, a time-varying binary covariate was 

generated to indicate whether HIV RNA was detectable at each study visit.  

Alcohol use and current smoking reported at each study visit were also considered as 

potential confounders. Alcohol categories used were abstainer (0 drink/week), 

moderate drinking (0-6 drinks/week) and hazardous drinking (≥7 drinks/week). We 

also assessed whether women reported having 0 or ≥1 male sex partner since their last 

study visit.  

At each study visit, participants are asked about their use of antiretroviral therapy 

since their last visit. For our analyses, the class of ART therapy was dichotomized as 

either a PI or non-PI based regimen. Since 2006, WIHS participants have also been 

asked about their use of single-tablet-once daily ART regimens at each study visit; a 

time-varying binary covariate was constructed to indicate current use of a single tablet 

ART regimen.  

 16 



Statistical Analyses  

Descriptive statistics were generated to summarize the data. Bivariate associations 

between illicit drug use and sociodemographic factors (e.g., age, race/ethnicity, 

marital status), socioeconomic factors (e.g., education, income, health care utilization, 

permanent housing), HIV clinical markers (e.g., CD4+ cell count, detectable HIV 

viral load, clinical symptoms), behavioral factors (e.g., alcohol, current smoking, 

number of male sex partners, ever injection drug use), parity, depressive symptoms, 

ART regimen class, single-tablet regimen use, and enrollment cohort were examined 

using Chi-square tests for categorical variables and Wilcoxon rank-sum (Mann-

Whitney) tests for continuous variables.   

We applied generalized estimating equations (GEE) methods with a log link function 

and proposed candidate working variance models to estimate the relative prevalence 

of sub-optimal adherence for any illicit drug use (versus none; Specific Aim 1) and by 

type of illicit drug used (Specific Aim 2) over time. For Specific Aim 1, an interaction 

term between any illicit drug use and use of a single tablet ART regimen was 

considered in the multivariate model.  

For the mean model, continuous calendar time was used as the time scale to adjust for 

any potential secular trends. Bivariate models and multivariate models were 

constructed. We included in the multivariate models covariates found to be 

significantly associated with both sub-optimal adherence and illicit drug use in the 

bivariate analyses at a 10% test size. Variables including age, race, education, marital 

status, education, ART class, detectable viral load, and CD4+ count hypothesized a 
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priori to be confounders based on the existing literature were included in the 

multivariate models regardless of the bivariate results.  

An interaction term between any illicit drug use (versus none) and calendar time was 

considered, to allow for different rates of change in adherence over time between 

illicit drug users and non-users. Another series of interaction terms between any illicit 

drug use and alcohol (i.e., hazardous drinking, moderate drinking versus no drinking) 

were also considered. The confounding effects of summary and specific HIV-related 

clinical symptoms were examined separately through exploratory data analyses, with 

the intent to include the summary covariate as a potential confounder in multivariate 

analysis if the impacts of specific clinical symptoms were homogeneous.  

For the variance/covariance model, empirical within-subject correlation was explored 

through unstructured correlation structure and lorelogram function (Heagerty 1998). 

We further fitted models with the other two candidate correlation structures: 

autoregressive structure of order 1 and exchangeable structure, and compared the 

model fit using the Quasi-likelihood Information Criterion (QIC). The best fitting 

mean model and within-subject correlation structure were both selected based on the 

QIC statistics (Cui 2007; Pan 2001). A robust variance estimator was used to obtain 

valid standard error of estimates through incorporating both information about 

selected working within-subject correlation structure and empirical information from 

the data. Generalized estimating equation methods were chosen for longitudinal data 

analysis to estimate population means and to account for correlations in 

measurements from repeated observations for each participant (Hardin 2002; Zeger & 

Liang 1986).  
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In both bivariate and multivariate analyses, sub-optimal adherence was paired with 

exposure data from the visit immediately prior. In the case of a missed visit, 

observations from the visit immediately prior was thus excluded from longitudinal 

data analysis. This approach enabled us to ensure that the exposure and covariate data 

(i.e., from visit X) were collected prior to the outcome data (i.e., from visit X+1).  

Under the circumstance of a rare outcome, the prevalence odds ratio for the exposure-

outcome association approximates the prevalence ratio (Greenland 1987). However, 

when the outcome is common in the study population, the prevalence ratio will be 

more conservative than prevalence odds ratio (Greenland 1987). The log-binomial 

model has been widely proposed to compute the prevalence ratio (Skov 1998). 

However, the log-binomial model commonly does not converge to provide parameter 

estimates (Skov 1998; Wacholder 1986). One reason for the lack of convergence is 

due to insufficient convergence criteria of software programs; another reason is that 

the maximum likelihood estimates may lie near a boundary of the parameter space 

(Zou 2004). Alternative approaches have been suggested to estimate the prevalence 

ratio. Previous work has demonstrated that Poisson regression with a robust variance 

estimator can be used to estimate prevalence ratios with valid variance estimate 

(Cummings 2009; Zou 2004; Barros 2003). The prevalence of sub-optimal adherence 

to ART among our study population during the study period was 20%, which is too 

high for the odds ratio to be a useful measure of the association. Thus, we applied the 

GEE methods with a log link function and a robust variance estimator under the 

Poisson family to derive prevalence ratios.  

For missing values in the key categorical covariates, we compared the covariate 

values before and after the visit at which data were missing. If those two values were 

 19 



the same, we carried the covariate value from the previous visit forward and 

considered it as the imputed value. If the two covariate values were different, however, 

we did not conduct the imputation on the missing data. If there were missing visits 

before or after the study visit at which covariate data were missing, we also did not 

conduct the imputation on the missing data. We applied the same approach to impute 

the missing values in parity. We did not conduct the imputation on other continuous 

covariates.   

For specific Aim 2, since we had a heterogeneous group of illicit drug users (i.e., 

poly-drug users reporting crack and heroin use), we had concerns regarding the 

mixing effect of other drug use versus the specific impact of crack use only on ART 

adherence. Thus, we conducted sensitivity analyses among a subgroup of women and 

excluded those who reported using cocaine, heroin, speedball, methamphetamine, 

club drugs, or non-prescribed prescription drugs.  

Statistical analyses were performed using Stata version 12 software (StataCorp 2011).  
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Results 

Characteristics of study population 

Of 1,911 eligible WIHS participants, 112 were excluded from the analysis because 

they didn’t have at least two consecutive study visits. The remaining 1,799 ART-

treated women included in this analysis contributed a total of 23,787 person-visits 

between April 1, 2003 and March 31, 2014. At the baseline visit (i.e., the first visit 

during the study period), those who were excluded from the analysis tended to be 

older (median age: 44 vs. 42, p=0.002), had lower household annual income 

(≤$12,000) (68.75% vs. 55.19%, p=0.01), were more likely to have detectable viral 

load (69.16% vs. 44.96%, p<0.001) and to have a history of injection drug use 

(40.18% vs. 24.90%, p<0.001), and were more likely to be hazardous drinkers than 

those who had at least two consecutive study follow-up visits (15.18% vs. 7.34%, 

p=0.003). They were similar, however, with regard to employment, health insurance, 

race, AIDS diagnoses, STI diagnoses, current smoking, and WIHS enrollment wave. 

In addition, those who were excluded from analysis had similar prevalence of illicit 

drug use (30% vs. 22%, p=0.07) and sub-optimal adherence to ART (27% vs. 20%, 

p=0.07), as compared to those analyzed in the study at their baseline visit.   

Table 1 shows characteristics of the study population at the baseline visit. Briefly, 

57% were non-Hispanic Blacks, 26% were Hispanic and 17% were White and other 

races. The median age at baseline was 42 years (interquartile range: 36-48). Thirty-

eight percent had less than high school education, 67% were unemployed and 52% 

had an annual income of $12,00 or less. The majority of participants had health 

insurance (95%) and 77% had seen a health care provider since their previous WIHS 
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visit. Twenty-five percent had a CES-D score of ≥23, indicative of depressive 

symptoms. Thirty-three percent reported a previous AIDS diagnosis and 42% had at 

least one clinical symptom. Twenty percent reported having a sexually transmitted 

infection since their last WIHS visit, and 65% had at least one male sex partner. 

Thirty-nine percent of participants had CD4+ count lower than 350 cells/µL at 

baseline, and 45% had a detectable HIV viral load. Fifty-one percent of participants 

reported using PI-based HAART and 49% were using non-PI based HAART.  

At baseline, 396 (22% of 1799) participants reported having used either injection or 

non-injection illicit drugs since their last WIHS visit; 1403 (78%) participants 

reported no such illicit drug use. The prevalence of hazardous drinking was 21% 

among illicit drug users and 4% among non-drug users (p<0.001). 73% of illicit drug 

users and 35% of non-drug users were currently smoking at the baseline visit 

(p<0.001). The prevalence of history of injection drug use was 36% among illicit drug 

users and 22% among non-drug users respectively (p<0.001).  

 

Table 1. Characteristics of WIHS HIV-infected participants, by illicit drug use, 
at first visit during 2003-2014 

 Total 
(n=1799) 

Illicit drug 
use*£ 

(n=396) 

No illicit 
drug use 
(n=1403) 

P-value◎ 

Age (years)  
  Min, Max 
  Med (IQR) 

 
20, 74 

42 (36-48) 

 
22, 65 

43 (37-49) 

 
20, 74 

41 (35-47) 

 
0.001 

 
Race/Ethnicity 
  Black, non-Hispanic 
  White, non-Hispanic/Other 
  Hispanic 

 
1020 (57) 
304 (17) 
475 (26) 

 
244 (62) 
92 (23) 
60 (15) 

 
776 (55) 
212 (15) 
415 (30) 

 
<0.001 

 
 

Education  
  Less than high school  
  High school 
  More than high school 

 
688 (38) 
514 (29) 
595 (33) 

 
155 (39) 
127 (32) 
114 (29) 

 
553 (38) 
387 (28) 
481 (34) 

 
0.08 
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 Total 
(n=1799) 

Illicit drug 
use*£ 

(n=396) 

No illicit 
drug use 
(n=1403) 

P-value◎ 

Employment  
   No 
   Yes 

 
1196 (67) 
599 (33) 

 
324 (82) 
69 (18) 

 
872 (62) 
530 (38) 

 
<0.001 

 
Annual income  
  ≤$12,000 
  >$12, 000 
  Missing 

 
931 (52) 
756 (42) 
112 (6) 

 
247 (62) 
124 (31) 
25 (6) 

 
684 (49) 
632 (45) 
87 (6) 

 
<0.001 

 
 

Health insurance  
  No 
  Yes 

 
95 (5) 

1704 (95) 

 
17 (4) 

379 (96) 

 
78 (6) 

1325 (94) 

 
0.32 

 
Seen health care provider £   
  No 
  Yes 
  Missing 

 
74 (4) 

1387 (77) 
338 (19) 

 
11 (3) 

283 (72) 
102 (26) 

 
63 (4) 

1104 (79) 
236 (17) 

 
<0.001 

 
 

Marital status  
  Single, never married 
  Married/living with partner 
  Widowed/divorced/separated 
  Other 
  Missing 

 
561 (31) 
564 (31) 
482 (27) 
91 (5) 
101 (6) 

 
124 (31) 
112 (28) 
112 (28) 
23 (6) 
25 (6) 

 
437 (31) 
452 (32) 
370 (26) 
68 (5) 
76 (5) 

 
0.57 

 
 
 

Parity  
   Min, Max 
  Med (IQR) 

 
0, 13 

2 (1-3) 

 
0, 12 

2 (1-3) 

 
0, 13 

2 (1-3) 

 
0.02 

 
Permanent Housing 
  No 
  Yes 

 
89 (5) 

1707 (95) 

 
38 (10) 
356 (90) 

 
51 (4) 

1351 (96) 

 
<0.001 

 
CES-D  
  <23 
  ≥23 

 
1330 (74) 
446 (25) 

 
243 (63) 
144 (37) 

 
1087 (78) 
302 (22) 

 
<0.001 

 
AIDS diagnosis  
  No 
  Yes 

 
1210 (67) 
589 (33) 

 
245 (62) 
151 (38) 

 
965 (69) 
438 (31) 

 
0.01 

 
Hospitalization £ 
  No 
  Yes 

 
1493 (83) 
306 (17) 

 
301 (76) 
95 (24) 

 
1192 (85) 
211 (15) 

 
<0.001 

 
Clinical symptoms £△ 
  No 
  Yes 

 
1038 (58) 
761 (42) 

 
171 (43) 
225 (57) 

 
867 (62) 
536 (38) 

 
<0.001 

Fever over 100°F for >1 month £ 
  No 
  Yes 

 
1760 (98) 

39 (2) 

 
388 (98) 

8 (2) 

 
1372 (98) 

31 (2) 

 
0.82 

 
Chronic diarrhea for 1 month 
with severe weight loss £ 
  No 
  Yes 

 
 

1793 (100) 
6 (0) 

 
 

393 (99) 
3 (1) 

 
 

1400 (100) 
3 (0) 

 
 

0.10 
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 Total 
(n=1799) 

Illicit drug 
use*£ 

(n=396) 

No illicit 
drug use 
(n=1403) 

P-value◎ 

Major memory/concentration 
problems for >2 weeks £ 
  No 
  Yes 

 
 

1603 (89) 
196 (11) 

 
 

326 (82) 
70 (18) 

 
 

1277 (91) 
126 (9) 

 
 

<0.001 
 

Confusion or getting lost or 
difficulty with mental tasks £ 
  No 
  Yes 

 
 

1670 (93) 
129 (7) 

 
 

352 (89) 
44 (11) 

 
 

1318 (94) 
85 (6) 

 
 

0.001 
 

Cognitive problems £▲ 
  No 
  Yes 

 
1558 (87) 
241 (13) 

 
316 (80) 
80 (20) 

 
1242 (89) 
161 (11) 

 
<0.001 

 
Numbness, tingling, burning in 
arms/legs/hands for >2 weeks £ 
  No 
  Yes 

 
 

1415 (79) 
384 (21) 

 
 

279 (70) 
117 (30) 

 
 

1136 (81) 
267 (19) 

 
 

<0.001 
 

Permanent Housing 
  No 
  Yes 

 
89 (5) 

1707 (95) 

 
38 (10) 
356 (90) 

 
51 (4) 

1351 (96) 

 
<0.001 

 
CES-D  
  <23 
  ≥23 

 
1330 (74) 
446 (25) 

 
243 (63) 
144 (37) 

 
1087 (78) 
302 (22) 

 
<0.001 

 
AIDS diagnosis  
  No 
  Yes 

 
1210 (67) 
589 (33) 

 
245 (62) 
151 (38) 

 
965 (69) 
438 (31) 

 
0.01 

 
Hospitalization £ 
  No 
  Yes 

 
1493 (83) 
306 (17) 

 
301 (76) 
95 (24) 

 
1192 (85) 
211 (15) 

 
<0.001 

 
Clinical symptoms £△ 
  No 
  Yes 

 
1038 (58) 
761 (42) 

 
171 (43) 
225 (57) 

 
867 (62) 
536 (38) 

 
<0.001 

Fever over 100°F for >1 month £ 
  No 
  Yes 

 
1760 (98) 

39 (2) 

 
388 (98) 

8 (2) 

 
1372 (98) 

31 (2) 

 
0.82 

 
Chronic diarrhea for 1 month 
with severe weight loss £ 
  No 
  Yes 

 
 

1793 (100) 
6 (0) 

 
 

393 (99) 
3 (1) 

 
 

1400 (100) 
3 (0) 

 
 

0.10 
 

Major memory/concentration 
problems for >2 weeks £ 
  No 
  Yes 

 
 

1603 (89) 
196 (11) 

 
 

326 (82) 
70 (18) 

 
 

1277 (91) 
126 (9) 

 
 

<0.001 
 

Confusion or getting lost or 
difficulty with mental tasks £ 
  No 
  Yes 

 
 

1670 (93) 
129 (7) 

 
 

352 (89) 
44 (11) 

 
 

1318 (94) 
85 (6) 

 
 

0.001 
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 Total 
(n=1799) 

Illicit drug 
use*£ 

(n=396) 

No illicit 
drug use 
(n=1403) 

P-value◎ 

Cognitive problems £▲ 
  No 
  Yes 

 
1558 (87) 
241 (13) 

 
316 (80) 
80 (20) 

 
1242 (89) 
161 (11) 

 
<0.001 

 
Numbness, tingling, burning in 
arms/legs/hands for >2 weeks £ 
  No 
  Yes 

 
 

1415 (79) 
384 (21) 

 
 

279 (70) 
117 (30) 

 
 

1136 (81) 
267 (19) 

 
 

<0.001 
 

Unintentional weight loss ≥10 
lbs for >1 month £ 
  No 
  Yes 

 
 

1508 (84) 
291 (16) 

 
 

301 (76) 
95 (24) 

 
 

1207 (86) 
196 (14) 

 
 

<0.001 
 

Drenching night sweats £ 
  No 
  Yes 

 
1460 (81) 
339 (19) 

 
275 (69) 
121 (31) 

 
1185 (84) 
218 (16) 

 
<0.001 

 
STI £ 
  No 
  Yes 

 
1436 (80) 
362 (20) 

 
297 (75) 
99 (25) 

 
1139 (81) 
263 (19) 

 
0.01 

 
Drinking (drinks/week) £ 
  0      
  1-7  
  >7 

 
984 (55) 
683 (38) 
132 (7) 

 
125 (32) 
189 (48) 
82 (21) 

 
859 (61) 
494 (35) 
50 (4) 

 
<0.001 

 
 

Currently smoking  
  No  
  Yes 

 
1015 (56) 
783 (44) 

 
108 (28) 
288 (73) 

 
907 (65) 
495 (35) 

 
<0.001 

 
Male sex partners £   
  0 
  ≥1 

 
627 (35) 
1170 (65) 

 
127 (32) 
269 (68) 

 
500 (36) 
901 (64) 

 
0.18 

 
Non-medical prescription drug 
use £ 
  No  
  Yes 

 
 

1776 (99) 
22 (1) 

 
 

374 (94) 
22 (6) 

 
 

1402 (100) 
0 (0) 

 
 

<0.001 
 

Ever injection drug use  
   No 
  Yes 

 
1351 (75) 
448 (25) 

 
253 (64) 
143 (36) 

 
1098 (78) 
305 (22) 

 
<0.001 

 
CD4+ count  
  <350 
  350-499 
  ≥500 

 
689 (39) 
392 (22) 
687 (39) 

 
170 (44) 
89 (23) 
127 (33) 

 
519 (38) 
303 (22) 
560 (41) 

 
0.02 

Detectable HIV viral load 
  No 
  Yes 

 
978 (55) 
799 (45) 

 
204 (52) 
187 (48) 

 
774 (56) 
612 (44) 

 
0.20 

 
ART regimen class 
  Protease inhibitor-based 
  Non-protease inhibitor-based  

 
909 (51) 
890 (49) 

 
206 (52) 
190 (48) 

 
703 (50) 
700 (50) 

 
0.50 

 

 25 



 Total 
(n=1799) 

Illicit drug 
use*£ 

(n=396) 

No illicit 
drug use 
(n=1403) 

P-value◎ 

Study site 
  Bronx, NY 
  Brooklyn, NY 
  Washington, DC 
  Los Angeles, CA 
  San Francisco, CA 
  Chicago, IL 

 
319 (18) 
319 (18) 
261 (15) 
342 (19) 
279 (16) 
279 (16) 

 
72 (18) 
47 (12) 
39 (10) 
46 (12) 
126 (32) 
66 (17) 

 
247 (18) 
272 (19) 
222 (16) 
296 (21) 
153 (11) 
213 (15) 

 
<0.001 

Enrollment cohort 
  1994-1995 
  2001-2002 
  2011-2012 

 
992 (55) 
586 (33) 
221 (12) 

 
226 (57) 
97 (24) 
73 (18) 

 
766 (55) 
489 (35) 
148 (11) 

 
<0.001 

 
 

* Includes injection and non-injection drug use  
£ Since last WIHS study visit  
◎Chi-square test for categorical variables and Wilcoxon rank-sum (Mann-Whitney) 

test for continuous variables  
△ Includes a fever over 100°F for more than 1 month, chronic diarrhea for 1 month 
with severe weight loss, major memory concentration problems for more than 2 
weeks, confusion or getting lost or difficulty with mental tasks, numbness or tingling 
or burning in arms/legs/hands for more than 2 weeks, unintentional weight loss 10 lbs 
or more lasted more than 1 month, drenching night sweats 
▲ Includes major memory concentration problems for more than 2 weeks, confusion 
or getting lost or difficulty with mental tasks 

 

Study participants reported any illicit drug use at 4,036 person-visits (17% of 23,787 

person-visits) and sub-optimal adherence to ART at 4,869 person-visits (20%) during 

the study period. Sixty-three percent of participants reported sub-optimal adherence at 

least once during study follow-up. Among those participants reporting sub-optimal 

adherence at least once, they reported sub-optimal adherence at 34% of their total 

study visits. If a participant reported sub-optimal adherence at one study visit, the 

probability of her reporting sub-optimal adherence at her next consecutive study visit 

was 52%. However, if a participant reported optimal adherence at one study visit, the 

probability of her reporting optimal adherence at her next consecutive study visit was 

87%.  
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Figure 1 shows trends between 2003 and 2014 in self-reported illicit drug use, ART 

sub-optimal adherence, and single-tablet ART regimen use among study participants. 

Since the introduction of single-tablet ART regimens in 2006, there has been a 

gradual but significant (p trend <0.001) increase in the prevalence of single-tablet 

regimen use over time, from 4% by the end of 2006 to 32% by the middle of 2014. 

From 2003 to 2006, the annual increase in the prevalence of sub-optimal adherence 

was 5% (p trend =0.07). In the same timeframe, every 1-year increase in calendar time 

was associated with 4% decrease in the prevalence of illicit drug use (p trend =0.54). 

From 2006 until 2014, the annual decrease in the prevalence of sub-optimal adherence 

was 3% (p trend <0.01), while the prevalence of illicit drug use was significantly 

increasing by 2% annually (p trend =0.01). The average prevalence of sub-optimal 

adherence for 2003-2006, and from 2006-2014, was 24% and 20%, respectively.   
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Figure 1. Trends in illicit drug use, sub-optimal ART adherence, and single-
tablet ART regimen use among ART users, WIHS, 2003-2014 

 

Table 2 shows the bivariate associations of variables of interest with sub-optimal 

adherence to ART, adjusted for calendar time. Calendar year was adjusted for in the 

bivariate analyses to take the potential secular trend into consideration. Illicit drug use 

was significantly associated with increased prevalence of sub-optimal adherence, as 

compared to no illicit drug use (PR: 1.33; 95% CI: 1.21 to 1.45). Variables including 

baseline age, race, education, marital status, parity, history of AIDS diagnosis, 

depressive symptoms, HIV-related clinical symptoms, STI diagnosis, drinking, 

current smoking, class of ART regimen (PI-based versus non-PI-based), CD4+ count, 

detectable HIV viral load, and enrollment cohort were also significantly associated 

with sub-optimal adherence to ART in the analyses, adjusting for calendar time. 
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Women who reported hazardous or moderate drinking, current smoking, or injection 

drug use history tended to also be significantly less adherent to ART. Women who 

used single-tablet ART regimens, however, were less likely to report sub-optimal 

adherence, as compared to women who didn’t use single-tablet HAART regimens. 

The association between overall and specific HIV-related clinical symptoms with sub-

optimal adherence was also investigated (Table 2). Specifically, numbness (PR=1.09; 

95% CI: 1.01 to 1.16) and weight loss (PR=1.11; 95% CI: 1.02 to 1.19) were both 

significantly associated with increased prevalence of sub-optimal adherence to ART. 

Other specific HIV-related clinical symptoms were not significantly associated with 

ART adherence. Meanwhile, women who reported at least one HIV-related clinical 

symptom had 1.1 times the prevalence of sub-optimal ART adherence as compared to 

women who reported no HIV-related clinical symptoms (PR=1.12; 95% CI; 1.06 to 

1.19). Because the effects of specific symptoms and the overall effect were 

homogeneous, a variable for overall HIV-related clinical symptoms (yes/no) was 

selected to summarize specific HIV-related clinical symptoms and was considered as 

a potential confounder in further data analysis.  

 

Table 2. Calendar-year-adjusted bivariate associations between key factors with 
sub-optimal ART adherence, WIHS, 2003-2014 

Variable PR (95% CI) N=21162 
Illicit drug use * £ 1.33 (1.21, 1.45) 
Illicit drug use type £ 
  No illicit drug use 
  Marijuana use alone 
  Crack use, no marijuana use 
  Both marijuana & Crack use 
  Other illicit drug use 

 
1 

1.11 (1.00, 1.25) 
1.60 (1.36, 1.88) 
1.77 (1.49, 2.10) 
1.56 (1.31, 1.85) 

Calendar year 0.97 (0.96, 0.98) 
Age at baseline visit 0.98 (0.98, 0.99) 
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Variable PR (95% CI) N=21162 
Race/Ethnicity 
  Black, non-Hispanic 
  White, non-Hispanic/Other 
  Hispanic 

 
1 

0.78 (0.66, 0.92) 
0.71 (0.62, 0.81) 

Education  
  Less than high school  
  High school 
  More than high school 

 
1 

1.19 (1.04, 1.36) 
1.05 (0.92, 1.21) 

Employment 0.99 (0.92, 1.07) 
Annual income (>$12, 000) 0.96 (0.90, 1.03) 
Health insurance 0.97 (0.84, 1.12) 
Seen health care provider £ 0.91 (0.79, 1.04) 
Marital status  
  Single, never married 
  Married/living with partner 
  Widowed/divorced/separated 
  Other 

 
1 

0.84 (0.76, 0.92) 
0.86 (0.78, 0.96) 
0.81 (0.72, 0.91) 

Parity 1.03 (1.01, 1.06) 
Permanent Housing 1.18 (0.97, 1.43) 
History of AIDS diagnosis 1.12 (1.01, 1.24) 
CES-D≥23  1.15 (1.07, 1.24) 
Hospitalization£ 1.05 (0.98, 1.13) 
Clinical symptoms £△ 1.12 (1.06, 1.19) 
Cognitive problems £▲ 1.07 (0.98, 1.16) 
Numbness, tingling, burning in 
arms/legs/hands for >2 weeks £ 

 
1.09 (1.01, 1.16) 

Unintentional weight loss £ 1.11 (1.02, 1.19) 
Fever over 100°F for >1 month £ 1.15 (0.92, 1.44) 
Chronic diarrhea for 1 month with 
severe weight loss £ 

 
1.10 (0.54, 2.23) 

Drenching night sweats £ 1.06 (0.98, 1.15) 
STI £ 1.12 (1.03, 1.20) 
Drinking (drinks/week) £ 
  0      
  1-7  
  >7 

 
1 

1.18 (1.10, 1.27) 
1.38 (1.22, 1.56) 

Current smoking  1.25 (1.15, 1.37) 
Ever injection drug use  1.16 (1.03, 1.31) 
Male sex partners (≥1) £ 1.06 (0.98, 1.14) 
Non PI-based ART  1.25 (1.15, 1.37) 
One-tablet ART regimen 0.71 (0.62, 0.81) 
CD4+ count 
  <350 
  350-499 
  ≥500 

 
1 

0.82 (0.75, 0.88) 
0.74 (0.68, 0.81) 

Detectable HIV viral load 1.36 (1.27, 1.45) 
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Variable PR (95% CI) N=21162 
Enrollment cohort 
  1994-1995 
  2001-2002 
  2011-2012 

 
1 

1.00 (0.89, 1.12) 
0.61 (0.46, 0.80) 

* Includes injection and non-injection drug use  
£ Since last WIHS study visit  
△ Includes a fever over 100°F for more than 1 month, chronic diarrhea for 1 month 
with severe weight loss, major memory concentration problems for more than 2 
weeks, confusion or getting lost or difficulty with mental tasks, numbness or tingling 
or burning in arms/legs/hands for more than 2 weeks, unintentional weight loss 10 lbs 
or more lasted more than 1 month, drenching night sweats 
▲ Includes major memory concentration problems for more than 2 weeks, confusion 
or getting lost or difficulty with mental tasks 

 

Aim 1. The association between illicit drug use and sub-optimal adherence to ART.  

Figure 2 shows trends between 2003 and 2014 in the prevalence of sub-optimal ART 

adherence among illicit drug users and non-drug users. Throughout the study period, 

the prevalence of sub-optimal adherence to ART among illicit drug users was 

consistently higher than that among non-drug users.  

 31 



 

Figure 2. Trends in observed and linear predicted sub-optimal adherence among 
ART users by illicit drug use, WIHS, 2003-2014 

 

Before 2006, both among illicit drug users and non-drug users, there was no 

significant secular trend in the prevalence of sub-optimal adherence (p=0.08, illicit 

drug users; p= 0.30, non-drug users). The average prevalence of sub-optimal 

adherence was 35.7% and 21.3% for illicit drug users and non-drug users before 2006, 

respectively. After 2006, a significant secular trend in the prevalence of sub-optimal 

adherence was observed among non-drug users, but not among illicit drug users 

(p=0.08, illicit drug users; p<0.01, non-drug users). The average prevalence of sub-

optimal adherence comparing illicit drug users to non-drug users after 2006 was 

30.7% and 18.2% respectively.  
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Empirical within-subject correlation was assessed using GEE and unstructured 

within-subject correlation structure and Lorelogram. We observed decreasing within-

subject correlation as time lag increased, and the correlation appeared to stabilize at 

the later time lags (Figure 3). An exchangeable working correlation structure was 

used for Model 1 to explore the total effect of covariates on sub-optimal adherence, 

assuming that within-subject correlation was exchangeable across time lags. For the 

multivariate model, model fit with candidate within-subject working correlation 

structures (i.e., exchangeable, unstructured, and autoregressive structure) was 

assessed by QIC. The model with exchangeable within-subject correlation structures 

was best supported by the data among the candidate correlation models considered. 

The QIC values for the models with exchangeable within-subject correlation, 

unstructured correlation, and autoregressive structure were 5282, 5315, and 6834, 

respectively. Thus, exchangeable within-subject correlation structure was selected as 

the final working within-subject correlation structure for the longitudinal data 

analyses.  
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Figure 3. Lorelogram for ART sub-optimal adherence responses as a function of 
time lag in study visit 

 

In the multivariate regression models using GEE with exchangeable working 

correlation structure, we adjusted for covariates including calendar time, baseline age, 

race, education, marital status, parity, AIDS diagnosis, depressive symptoms, HIV-

related clinical symptoms, STI, drinking, current smoking, ever injection drug use, 

CD4+ count, detectable HIV viral load, class of ART regimen, single-tablet ART 

regimen, and enrollment cohort. This model (Table 3, Model 1A) included 18,924 

person-visits, contributed by 1,759 participants. Due to missing data, 4863 person-

visits (20% of 23,787 person-visits) were dropped from the model; the default 

available data analysis approach drops out the person-visits where observations for 

any selected variables are missing.  
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After adjusting for potential confounders as listed above, women who reported using 

any illicit drug use had 1.19 times higher prevalence of sub-optimal ART adherence 

as compared to non-drug users (Table 3, Model 1A). This association between illicit 

drug use and sub-optimal adherence was attenuated after adjusting for these 

confounding effects, as compared to the observed bivariate association in Table 2, but 

remained statistically significant (PR: 1.19; 95% CI: 1.09 to 1.30). In addition, single-

tablet regimen remained significantly associated with a 22% decrease in the 

prevalence of sub-optimal adherence (PR: 0.78; 95% CI: 0.68 to 0.90). The 

prevalence of sub-optimal adherence was decreasing by 1% annually (p=0.03), after 

taking into consideration illicit drug use and other key covariates.  

We further examined the interacting effect between drinking and illicit drug use by 

adding the interaction terms into the model 1A. Moderate (PR=1.16; 95% CI 1.07 to 

1.25) and hazardous (PR=1.29; 95% CI: 1.11 to 1.51) drinking were both significantly 

associated with higher prevalence of sub-optimal adherence as compared to no 

alcohol use. Neither moderate (p=0.39) nor hazardous (p=0.45) drinking showed a 

significant interaction with illicit drug use on ART adherence, suggesting that illicit 

drugs had similar impact on medication adherence among moderate drinkers and 

hazardous drinkers, as compared to abstainers. Among abstainers, illicit drug use was 

significantly associated with 26% increase in the prevalence of sub-optimal adherence 

(PR=1.26; 95% CI: 1.10 to 1.44). Among moderate drinkers, those who used illicit 

drug tended to have 1.17 times prevalence of sub-optimal adherence as compared to 

non-drug users (PR=1.17; 95% CI: 1.05 to 1.32). Among hazardous drinkers, illicit 

drug use was associated with 15% increase in the prevalence of sub-optimal 
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adherence, however this association was not statistically significant (PR=1.15; 95% 

CI: 0.95 to 1.40).  

We next examined any potential interaction between illicit drug use and single-tablet 

regimen use on ART adherence by adding an interaction term to the Model 1A. For 

women who didn’t use a single-tablet regimen, the prevalence of sub-optimal 

adherence among illicit drug users were 1.19 times higher than that among non-drug 

users (PR=1.19; 95% CI: 1.08 to 1.31). For women who used single-tablet regimen, 

illicit drug use was associated with 1.30 times higher prevalence, as compared to no 

illicit drug use (PR=1.30; 95% CI: 1.01 to 1.66). The interaction term was not 

statistically significant (p=0.52), suggesting that the impact of illicit drug on ART 

adherence was not statistically different between women who used single-tablet 

regimens and women who did not, after adjusting for other confounders.  

We further examined whether illicit drug use had an impact on the trajectory of sub-

optimal adherence over time. An interaction term between illicit drug and calendar 

time was added to the Model 1A. We did not observe statistical significance in the 

interaction term (p=0.38), suggesting that the change in the prevalence of sub-optimal 

ART adherence over time was not significantly different comparing illicit drug users 

to non-drug users.  

After imputation of missing data as described in the Methods section, 19,080 person-

visits were analyzed in the model (Table 3, Model 1B). Imputation for missing data 

including illicit drug use, marital status, parity, CES-D, STI, drinking, current 

smoking, CD4+ count, detectable HIV RNA load yielded an additional 156 

observations into the analysis. Observed associations remained stable using the 

imputed data set as compared to the original data set (Table 3, Model 1A). After 
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adjusting for potential confounders, illicit drug use was associated with 20% increase 

in the prevalence of sub-optimal adherence, as compared to no-drug use (PR=1.20; 

95% CI: 1.10 to 1.31).  

 

Table 3. Association between illicit drug use with ART sub-optimal adherence, 
WIHS, 2003-2014 

Covariate 
Model 1A☆ 

Multivariate PR  
(95% CI) N=18924 

Model 1B☆★ 

Multivariate PR  
(95% CI) N=19080 

Illicit drug use * £ 1.19 (1.09, 1.30) 1.20 (1.10, 1.31) 
Calendar year 0.99 (0.98, 1.00) 0.99 (0.97, 1.00) 
Age at baseline visit 0.97 (0.96, 0.98) 0.97 (0.97, 0.98) 
Race/Ethnicity 
  Black, non-Hispanic 
  White, non-Hispanic/Other 
  Hispanic 

 
1 

0.80 (0.68, 0.93) 
0.75 (0.66, 0.85) 

 
1 

0.79 (0.68, 0.93) 
0.75 (0.66, 0.85) 

Education  
  Less than high school  
  High school 
  More than high school 

 
1 

1.17 (1.03, 1.32) 
1.18 (1.04, 1.34) 

 
1 

1.16 (1.03, 1.31) 
1.18 (1.04, 1.33) 

Marital status  
  Single, never married 
  Married/living with partner 
  Widowed/divorced/separated 
  Other 

 
1 

0.88 (0.81, 0.97) 
0.94 (0.85, 1.04) 
0.83 (0.74, 0.94) 

 
1 

0.88 (0.81, 0.97) 
0.94 (0.85, 1.04) 
0.83 (0.73, 0.93) 

Parity 1.03 (1.01, 1.06) 1.03 (1.01, 1.06) 
History of AIDS diagnosis 1.02 (0.93, 1.13) 1.03 (0.93, 1.14) 
CES-D≥23  1.10 (1.02, 1.18) 1.10 (1.02, 1.19) 
Clinical symptoms £△ 1.08 (1.02, 1.18) 1.09 (1.03, 1.16) 
STI £ 1.08 (1.00, 1.16) 1.08 (1.00, 1.16) 
Drinking (drinks/week) £ 
  0      
  1-7  
  >7 

 
1 

1.15 (1.07, 1.23) 
1.29 (1.15, 1.46) 

 
1 

1.52 (1.07, 1.24) 
1.28 (1.13, 1.44) 

Current smoking  1.16 (1.07, 1.27) 1.17 (1.07, 1.27) 
Ever injection drug use  1.23 (1.09, 1.34) 1.22 (1.08, 1.39) 
Non PI-based ART  1.19 (1.09, 1.30) 1.19 (1.09, 1.30) 
One-tablet ART regimen 0.78 (0.68, 0.90) 0.78 (0.68, 0.90) 
CD4+ count 
  <350 
  350-499 
  ≥500 

 
1 

0.89 (0.82, 0.97) 
0.81 (0.75, 0.89) 

 
1 

0.89 (0.82, 0.97) 
0.82 (0.75, 0.89) 
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Covariate 
Model 1A☆ 

Multivariate PR  
(95% CI) N=18924 

Model 1B☆★ 

Multivariate PR  
(95% CI) N=19080 

Detectable HIV viral load 1.28 (1.20, 1.37) 1.28 (1.20, 1.37) 
Enrollment cohort 
  1994-1995 
  2001-2002 
  2011-2012 

 
1 

0.90 (0.79, 1.02) 
0.61 (0.46, 0.80) 

 
1 

0.90 (0.79, 1.02) 
0.61 (0.46, 0.79) 

☆Adjusted for calendar time, age at baseline, race, education, marital status, parity, 
AIDS diagnosis, depressive symptoms, HIV-related clinical symptoms, STI, drinking, 
current smoking, ever injection drug use, CD4+ count, detectable HIV viral load, 
class of ART regimen, single-tablet regimen, and enrollment cohort 
★ Uses imputed data set 

* Includes injection and non-injection drug use  
£ Since last WIHS study visit  
△ Includes a fever over 100F for more than 1 month, chronic diarrhea for 1 month 
with severe weight loss, major memory concentration problems for more than 2 
weeks, confusion or getting lost or difficulty with mental tasks, numbness or tingling 
or burning in arms/legs/hands for more than 2 weeks, unintentional weight loss 10 lbs 
or more lasted more than 1 month, drenching night sweats 
 

 

Aim 2. The association between illicit drug use type and sub-optimal adherence to 

ART 

We further examined the association between specific illicit drugs and sub-optimal 

adherence to ART. Among illicit drug users, marijuana use only was reported at 2,486 

follow-up visits (62% of 4,036 visits), crack use but no marijuana use at 578 visits 

(14%), both marijuana and crack use at 441 visits (11%), and other illicit drug use 

(e.g., heroin, cocaine, other drugs) at 531 visits (13%). Figure 4 shows the trends in 

the prevalence of specific illicit drug use among all study participants during the study 

period. The prevalence of illicit drug use including crack use no marijuana use, both 

marijuana and crack use, and other illicit drugs use remained relatively constant from 
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2003 to 2013, as compared to marijuana use. There was a u-shaped trajectory of 

prevalence of marijuana use only, with the changing time-point around 2008. The 

prevalence of marijuana use increased from 7% in first half year of 2008 to 13% in 

the first half year of 2014. The increase in the marijuana use explains the increase in 

overall illicit drug use at around similar time-point observed in Figure 1.  

Figure 4. Trends in the specific illicit drug use among ART users, WIHS, 2003-
2014 
 

Figure 5 shows trends between 2003 and 2014 in ART sub-optimal adherence 

stratified by specific illicit drugs used. As was shown in the Figure 2, women who 

didn’t report illicit drug use were less likely to report sub-optimal adherence than 

women who used any kind of illicit drug use. Among illicit drug users, women who 

reported using marijuana only were least likely to report sub-optimal adherence, and 
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the prevalence of sub-optimal adherence among this group was only slightly higher 

than that among non-drug users. Women who reported using both marijuana and 

crack had slightly higher prevalence of sub-optimal adherence than women who 

reported using crack but not marijuana. The prevalence of sub-optimal adherence 

among women who used other illicit drugs fluctuated during the study period. The 

average prevalence estimates throughout the entire study period were 19% for non-

drug users, 26% for marijuana only, 42% for crack but no marijuana, 53% for both 

crack and marijuana together, and 34% for other drugs.  

 

Figure 5. Trends in sub-optimal adherence among ART users by illicit drug type, 
WIHS, 2003-2014 

 

We examined the within-subject correlation structure and selected the best correlation 

structure based on the QIC statistics for the multivariate analysis models. QIC for the 
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multivariate model with exchangeable within-subject correlation, unstructured 

correlation, and autoregressive structure was 5272, 5307, and 6821 respectively. Thus, 

as in the analysis for Aim 1, exchangeable within-subject correlation structure was 

selected as the working correlation structure for multivariate model with GEE.  

All types of illicit drugs examined in the bivariate analyses (Table 2) were 

significantly associated with sub-optimal adherence to ART regimens, except for 

marijuana use only. The prevalence of sub-optimal adherence to ART among women 

who reported using marijuana only was 1.11 times of that among non-drug users 

(PR=1.11; 95% CI: 1.00 to 1.25). As compared to non-drug users, the relative 

prevalence of reporting sub-optimal adherence was significantly higher among 

women who used crack but not marijuana (PR=1.60; 95% CI: 1.36 to 1.88), women 

who reported using both crack and marijuana (PR=1.77; 95% CI: 1.49 to 2.10), and 

those who reported using other drugs (PR=1.56; 95% CI: 1.31 to 1.85).   

In the multivariate regression models (Table 4, Model 2A), we adjusted for the same 

set of covariates as in Aim 1: calendar time, age at baseline, race, education, marital 

status, parity, AIDS diagnosis, depressive symptoms, HIV-related clinical symptoms, 

STI, drinking, current smoking, ever injection drug use, CD4+ count, detectable HIV 

viral load, class of ART regimen, single-tablet regimen, and enrollment cohort. After 

adjusting for these potential confounders, marijuana use only remained not 

significantly associated with sub-optimal adherence (PR=1.04; 95% CI: 0.94 to 1.16). 

Compared to non-users, women who used crack, but not marijuana (PR=1.37; 95% 

CI: 1.16 to 1.62), women who used both crack and marijuana (PR=1.46; 95% CI: 1.22 

to 1.75), and those who used other illicit drugs (PR=1.41; 95% CI: 1.19 to 1.67) all 

had higher prevalence of sub-optimal adherence. There was no evidence that 
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additional marijuana use among crack-using women significantly increased their risk 

of sub-optimal adherence.  

After imputation, 18,924 person-visits were analyzed in the multivariate regression 

model. Imputation for missing data applying to marital status, parity, CES-D, STI, 

drinking, current smoking, CD4+ count, detectable HIV RNA load yielded an 

additional 146 observations into the analysis. Associations remained relatively 

unchanged using the imputed data set as compared to the original data set (Table 4, 

Model 2B). After adjusting for potential confounders, as compared to non-drug users, 

women who reported using crack but not marijuana (PR=1.39; 95% CI: 1.18 to 1.64), 

women who reported both marijuana and crack use (PR=1.48; 95% CI: 1.24 to 1.77), 

and those who reported using other illicit drugs (PR=1.41; 95% CI: 1.19 to 1.67) all 

had significantly higher prevalence of sub-optimal ART adherence. Marijuana use 

only, however, was not significantly associated with sub-optimal adherence to ART 

(PR=1.05; 95% CI: 0.94 to 1.16).  

 

Table 4. Association between type of illicit drugs with ART sub-optimal 
adherence, WIHS, 2003-2014 

Covariate 
Model 2A☆ 

Multivariate PR  
(95% CI) N=18924 

Model 2B☆★ 

Multivariate PR 
(95% CI) N=19080 

Illicit drug use type £ 
  No illicit drug use 
  Marijuana use alone 
  Crack use, no marijuana use 
  Both marijuana & Crack use 
  Other illicit drug use 

 
1 

1.04 (0.94, 1.16) 
1.37 (1.16, 1.62) 
1.46 (1.22, 1.75) 
1.41 (1.19, 1.67) 

 
1 

1.05 (0.94, 1.16) 
1.39 (1.18, 1.64) 
1.48 (1.24, 1.77) 
1.41 (1.19, 1.67) 

Calendar year 0.99 (0.98, 1.00) 0.99 (0.98, 1.00) 
Age at baseline visit 0.97 (0.96, 0.98) 0.97 (0.96, 0.98) 
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Covariate 
Model 2A☆ 

Multivariate PR  
(95% CI) N=18924 

Model 2B☆★ 

Multivariate PR 
(95% CI) N=19080 

Race/Ethnicity 
  Black, non-Hispanic 
  White, non-Hispanic/Other 
  Hispanic 

 
1 

0.80 (0.68, 0.94) 
0.75 (0.66, 0.85) 

 
1 

0.80 (0.68, 0.93) 
0.75 (0.64, 0.85) 

Education  
  Less than high school  
  High school 
  More than high school 

 
1 

1.17 (1.04, 1.33) 
1.18 (1.04, 1.34) 

 
1 

1.17 (1.04, 1.32) 
1.18 (1.04, 1.34) 

Marital status  
  Single, never married 
  Married/living with partner 
  Widowed/divorced/separated 
  Other 

 
1 

0.89 (0.81, 0.97) 
0.95 (0.86, 1.04) 
0.84 (0.74, 0.95) 

 
1 

0.89 (0.81, 0.97) 
0.94 (0.86, 1.04) 
0.83 (0.74, 0.94) 

Parity 1.03 (1.01, 1.06) 1.03 (1.01, 1.06) 
History of AIDS diagnosis 1.02 (0.92, 1.13) 1.02 (0.92, 1.13) 
CES-D≥23  1.09 (1.01, 1.17) 1.09 (1.02, 1.18) 
Clinical symptoms £△ 1.08 (1.02, 1.15) 1.08 (1.02, 1.15) 
STI £ 1.08 (1.01, 1.16) 1.08 (1.00, 1.16) 
Drinking (drinks/week) £ 
  0      
  1-7  
  >7 

 
1 

1.15 (1.07, 1.23) 
1.26 (1.11, 1.42) 

 
1 

1.14 (1.06, 1.23) 
1.24 (1.10, 1.40) 

Current smoking  1.13 (1.04, 1.24) 1.16 (1.06, 1.26) 
Ever injection drug use  1.21 (1.08, 1.37) 1.20 (1.06, 1.36) 
Non PI-based HAART  1.19 (1.09, 1.30) 1.19 (1.08, 1.29) 
One-tablet HAART regimen 0.78 (0.68, 0.90) 0.78 (0.68, 0.90) 
CD4+ count  
  <350 
  350-499 
  ≥500 

 
1 

0.89 (0.82, 0.97) 
0.82 (0.75, 0.89) 

 
1 

0.89 (0.82, 0.96) 
0.82 (0.75, 0.90) 

Detectable HIV viral load 1.28 (1.19, 1.36) 1.28 (1.20, 1.37) 
Enrollment cohort 
  1994-1995 
  2001-2002 
  2011-2012 

 
1 

0.89 (0.79, 1.01) 
0.60 (0.46, 0.79) 

 
1 

0.89 (0.79, 1.01) 
0.60 (0.46, 0.79) 

☆Adjusted for calendar time, age at baseline, race, education, marital status, parity, 
AIDS diagnosis, depressive symptoms, HIV-related clinical symptoms, STI, drinking, 
current smoking, ever injection drug use, CD4+ count, detectable HIV viral load, 
class of ART regimen, single-tablet regimen, and enrollment cohort 
★ Used imputed data set 

* Includes injection and non-injection drug use  
£ Since last WIHS study visit  
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△ Includes a fever over 100F for more than 1 month, chronic diarrhea for 1 month 
with severe weight loss, major memory concentration problems for more than 2 
weeks, confusion or getting lost or difficulty with mental tasks, numbness or tingling 
or burning in arms/legs/hands for more than 2 weeks, unintentional weight loss 10 lbs 
or more lasted more than 1 month, drenching night sweats 
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Discussion 

In this cohort of HIV-infected women, illicit drug use was associated with decreased 

adherence to ART. In addition, women who used different types of illicit drug tended 

to have different level of adherence rates. Marijuana was not significantly associated 

with decreased adherence while crack was associated with sub-optimal adherence to 

ART. Women who reported using both marijuana and crack had the poorest 

adherence to ART.  

In 2006, single-tablet regimens first became available. Their beneficial impact on 

ART adherence has been found through both experimental and observational studies 

(Hanna 2014; Bangsberg 2010). In our study, single-tablet ART regimen was also 

significantly associated with decreased prevalence of sub-optimal adherence. We also 

found that the impact of illicit drug use remained detrimental on medication 

adherence, even after we adjusted for the use of single-tablet ART regimen use. The 

evidence regarding the impact of illicit drug use on adherence to a single-tablet 

regimen is limited, and we know of no other longitudinal prospective studies 

assessing an interaction between illicit drug use and single-tablet regimen use on ART 

adherence. In the current study, among single tablet regimen users, illicit drug use 

was associated with a 30% increase in the prevalence of sub-optimal adherence; this 

increase was only 19% among non-users of a single-tablet regimen. Although this 

difference was not statistically significant, illicit drug use had a more detrimental 
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effect on medication adherence among single-tablet users, as compared to non-single-

tablet users. These findings highlight the need to assess and intervene on illicit drug 

use among HIV-infected patients, especially in the current era of modern ART. 

Physicians should be aware of the increased likelihood of sub-optimal adherence 

among illicit drug users when prescribed single-tablet regimen, as compared to non-

single-tablet regimen. A detailed review including the type of ART regimen (single-

tablet regimen vs. non-single-tablet regimen), illicit drug use, and other key factors is 

recommended when assessing ART adherence and treatment effectiveness among 

HIV-infected patients.  

The decreased prevalence of ART adherence among active drug users observed in this 

study is consistent with existing literature (Gonzalez 2013; Cohn 2011; Hinkin 2007; 

Palepu 2003; Lucas 2001; Stein 2000). Previous literature has also investigated the 

impact of different types of drugs on ART adherence among HIV-infected individuals. 

Currently, with the legalization of marijuana in certain states in the US, it is expected 

that the prevalence of marijuana use for recreational and medicinal purposes will 

increase (Governing 2015). It is thus critical to examine whether marijuana use has a 

detrimental effect on medication adherence among HIV-infected individuals. In a 

recent study, Slawson found that high-intensity cannabis use was not associated with 

decreased adherence to ART, after adjusting for other illicit drug use (i.e., heroin, 

cocaine, crack)(Slawson 2014). In addition, Cofrancesco and colleagues did not find 
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any association between marijuana use and HIV treatment outcomes including 

undetectable HIV viral load (Cofrancesco 2008).  

In our study, we were able to investigate the impact of marijuana use only on 

medication adherence, given the fact that the majority of the drug users in the WIHS 

were only using marijuana. We found that there was no significant association 

between marijuana use only and decreased adherence to ART. Moreover, we didn’t 

see a significantly increased prevalence of sub-optimal adherence comparing women 

who used both crack and marijuana to women who used crack and no marijuana. Thus, 

additional marijuana use among crack-using women didn’t impose extra hazard of 

sub-optimal adherence to ART. Collectively, these findings suggest that marijuana 

may be utilized by HIV-infected individuals without significantly compromising 

optimal adherence to ART and HIV-related clinical outcomes.  

The effects of stimulants, especially cocaine, on medication adherence have been 

examined in prior work. Hinkin and colleagues found that stimulant (i.e., cocaine 

and/or methamphetamine) users reported significantly lower adherence than other-

drug users and non-drug users (Hinkin 2007). In Arnsten’s study, the authors found 

that the strongest predictor of poor adherence was active cocaine use and that overall 

adherence among active cocaine users was 41% lower than among those who didn’t 

report cocaine use (Arnsten 2002). These findings were echoed in a recent study by 

Gonzalez and colleagues, which reported significantly decreased medication 
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adherence among cocaine users as compared to non-drug users (Gonzalez 2013). 

Reback et al. attributed decreased adherence among stimulant users to disrupted sleep 

and eating patterns and an unstable environment (Reback 2003). 

Crack cocaine, the freebase form of cocaine that can be smoked, is more potent and 

has a stronger potential for abuse than other form of cocaine (Estroff 2001). It has 

been found that the use of crack was more common than other form of cocaine in the 

United States (Cook 2007; Arnsten 2002). One WIHS study using data from 1996-

2004 showed that crack use was more common than cocaine use throughout the eight-

year follow-up (Cook 2007). In the Arnsten study, author found that the majority of 

cocaine users used crack (83%) and only 17% used other forms of cocaine (Arnsten 

2002). In our study using data from 2003 to 2014, active drug users reported crack use 

at 26% of person-visits, and cocaine use at only 9% of person-visits. Marijuana and 

crack are the two most commonly used illicit drugs among WIHS participants.  

Our study showed that women who reported crack use had a significantly higher 

prevalence of sub-optimal adherence than non-drug users. This finding underscores 

the impact of crack use on medication adherence among HIV-infected women. 

Studies have also been conducted to investigate the impact of crack use on HIV-

related clinical outcomes. After controlling for medication adherence, Cook and 

colleagues found that use of crack independently predicted HIV-1 disease progression, 

development of AIDS-defining illnesses and AIDS-related mortality among WIHS 

 
 

48 



   

participants (Cook 2008). The findings from a study conducted by Baum et al. in 

2009 also showed that crack use was associated with more rapid CD4+ cell decline, 

even among individuals who did not receive antiretroviral therapy, indicating an 

independent effect of crack use on HIV disease progression and clinical outcomes 

(Baum 2009). Thus, from a physician perspective, it is critical to identify crack use 

among HIV-infected individuals and encourage them to engage in drug abuse 

treatment in order to maintain medication effective adherence and to improve HIV-

related outcomes.  

Interventions to improve medication adherence are available for HIV-infected patients. 

Based on a systematic review conducted by CampBinford and colleagues, existing 

studies have investigated the effects of medication-assisted therapy interventions 

(MAT), behavioral and psychosocial interventions, contingency management, 

cognitive-behavioral therapy, nurse-delivered multi-component interventions, social 

support and peer-driven interventions on ART adherence (CampBinford 2012). It has 

been found that MAT, directly administered antiretroviral therapy, contingency 

management, and nurse-delivered multi-component were significantly associated with 

improved ART adherence, but such positive effects were not sustained after the 

treatment, based on findings from randomized controlled trials (CampBinford 2012). 

In a longitudinal observational study from the WIHS, Kapadia and colleagues found 

that accessing any drug abuse treatment program was significantly associated with a 
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39% increase in the odds of reporting optimal adherence to ART, and this effect 

didn’t differ comparing MAT to medication-free programs (Kapadia 2008). Among a 

cohort of injection drug users who reported using heroin at least weekly, Palepu and 

colleagues found that methadone maintenance therapy was significantly associated 

with optimal adherence, HIV viral load suppression and CD4+ cell count increase 

(Palepu 2006). These findings reinforce the need for physicians to actively encourage 

HIV-infected women who report current drug use to engage in drug abuse treatment 

programs and to ultimately maintain ART adherence for optimal treatment 

effectiveness.  

In our longitudinal data analyses, sub-optimal adherence data were paired with 

exposure data from the visit immediately prior. The aim of the paired analysis was to 

address temporality and ensure that collection of exposure data preceded collection of 

outcome data. At follow-up visits, participants are asked about specific types of illicit 

drug use during the past 6 months. ART adherence data are collected by asking 

participants the percent of time when taking ART as prescribed during the past 6 

months prior to the study visit. Because exposure and outcome data are assessed at 

any given visit by asking about the same time interval, it is challenging for us to 

establish temporality between illicit drug use and adherence to ART if we took data 

on both variables from the same visit. We are thus unable to rule out the possibility of 

reverse causality, i.e., sub-optimal adherence to ART occurring prior to illicit drug 
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use. The paired analyses, however, ensured us that the outcome of interest was 

assessed after the exposure data were collected.  

One drawback of this approach was that we limited our analyses to pairs of 

consecutive person-visits. Observations were excluded for both of the following 

circumstances: a) participants only had one study visit during the study follow-up; b) 

participants had at least 2 study visits but missed any consecutive subsequent visit. 

Such exclusion criteria might introduce selection bias whereby the exposure-outcome 

association from person-visits included in the analyses might be different from the 

association observed in the target population. In this study, we excluded 726 (3% of 

23,787) person-visits due to the paired analysis design. We have investigated the 

characteristics of person-visits excluded and missing data mechanism as missing at 

random was supported by the data.  Participants were more likely to use illicit drugs 

(24% vs. 18%, p<0.001) and to have sub-optimal adherence (30% vs. 21%, p<0.001) 

at these excluded person-visits, as compared to the analyzed person-visits. Thus, the 

association we observed in our current study was attenuated, leading to conservative 

findings.  

Our study had several limitations. One limitation is that we did not have adequate 

power to evaluate adherence among users of crack only. The increased prevalence of 

sub-optimal adherence to ART among participants who reported crack use, but no 

marijuana use, might have been driven by other drugs used along with crack. We 
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found that the crack use no marijuana use group reported crack use only at the 

majority of person-visits (73%), and thus it was most likely that the observed 

association was explained by crack use only. We further conducted an analysis to 

confirm this hypothesis. In this analysis, we excluded person-visits where participants 

reported use of any of the following drugs (N=809): cocaine, heroin, speedball, 

methamphetamine, club drugs, non-prescribed prescription drugs (i.e., amphetamines, 

narcotics, hallucigens). We found that crack use only was associated with 40% 

increase in the prevalence of sub-optimal adherence to ART, as compared to non-drug 

use (95% CI: 1.16-1.68). The combination of marijuana and crack use was associated 

with 33% increase in the prevalence of sub-optimal adherence (95% CI: 1.08-1.64). 

These findings thus underscore the detrimental impact of crack use on HIV 

medication adherence. Another limitation of this current study was that we didn’t 

have information regarding the drug treatment programs during this study period. 

Hicks and colleagues have found an interaction effect between substance abuse 

treatment and current drug use (versus former drug use) (Hicks 2007). Former users 

who had not received recent substance abuse treatment were significantly less 

adherent to HAART than never users, while former users in substance abuse 

treatment had similar adherence as never users. Current users had significantly lower 

adherence to HAART as compared to never users, regardless of substance abuse 

treatment. In the WIHS, information on drug treatment program was collected from 

1994-2002, and 2013 onwards, thus the data was missing in our study period, and we 
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were unable to examine this interaction in our study. Previous WIHS study looking at 

the impact of drug abuse treatment modalities on ART adherence used the available 

data from 1998-2002 and found that drug abuse treatment programs are associated 

with improved ART adherence (Kapadia 2008). Further data and study on the drug 

abuse treatment is needed to assess whether the observed associations between illicit 

drug use and the type of illicit drugs with medication adherence differ by the 

involvement of substance abuse treatment.  

Despite these limitations, our study has several strengths. First, we had detailed data 

on single-tablet ART regimen use among this population since its introduction in 

2006. It has been recently found from observational studies that single-tablet regimen 

use significantly improved medication adherence among HIV-infected individuals. It 

remains unclear whether illicit drugs might be as detrimental on adherence to single-

tablet regimen as on non-single-tablet regimens. Our study was among one of the first 

to examine the impact of illicit drug use on ART adherence to single-tablet ART 

regimen. We evaluated single-tablet ART regimen as both a confounder and a 

potential effect modifier in our studies and found that single-tablet ART regimen was 

not an effect modifier in the association between illicit drug use and ART adherence.   

Second, this long-term 11-year longitudinal study enabled us to examine the 

relationship between illicit drug use and adherence over repeated visits and to provide 

more evidence for possible causal interpretation. We had a large quantity of data from 
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1,799 participants over 11-years of follow-up, which provided us with adequate 

power to detect any associations. We were also able to examine the trajectory of illicit 

drug use and HIV medication adherence over time. Since around 2006, there was a 

gradual decrease in the prevalence of sub-optimal adherence to ART, correspondent 

with the increase in the use of single-tablet ART regimens. Meanwhile, the 

prevalence of illicit drug use was slightly increasing in the last several years, mostly 

contributed by the increase in marijuana use.  

Third, we had detailed data on illicit drug type, which enabled us to investigate the 

effect of different illicit drugs on adherence. There have been ongoing studies 

investigating the differential impact of specific drugs on ART adherence and the 

potential mechanisms. The findings from our study will add to the existing knowledge, 

and shed light on the interventions on illicit drug use, especially crack use, which 

could ultimately be targeted to improve health conditions among HIV-infected 

individuals.  

In conclusion, illicit drug use was associated with decreased adherence to ART 

among HIV-infected women in the US. Different drugs had various impacts on 

medication adherence, with crack being significantly associated with increased 

prevalence of sub-optimal adherence, and marijuana use showing no such statistically 

significant association. These findings suggest that further interventions on illicit drug 

use in general, and particularly the use of crack, are warranted to maintain effective 
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adherence and ultimately health outcomes among HIV-infected individuals in the 

current era of ART. Moreover, there does not appear to be reason for concern 

regarding any potential detrimental effect of medical or recreational marijuana use on 

ART adherence. Further study of this specific hypothesis, however, may be warranted. 
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