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Despite a burgeoning literature on adherence to HIV therapies,
few studies have examined the impact of ongoing drug use on
adherence and viral suppression, and none of these have
utilized electronic monitors to quantify adherence among drug
users. We used 262 electronic monitors to measure adherence
with all antiretrovirals in 85 HIV-infected current and former
drug users, and found that active cocaine use, female gender,
not receiving Social Security benefits, not being married,
screening positive for depression, and the tendency to use
alcohol or drugs to cope with stress were all significantly
associated with poor adherence. The strongest predictor of
poor adherence and, in turn, failure to maintain viral suppres-
sion, was active cocaine use. Overall adherence among active
cocaine users was 27%, compared to 68% among subjects who
reported no cocaine use during the 6-month study period.
Consequently, 13% of active cocaine users maintained viral
suppression, compared to 46% of nonusers. Interventions to
improve adherence should focus on reducing cocaine use,
developing adaptive coping skills, and identifying and treating
depression.
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rug users account for a substantial proportion of

AIDS cases in the United States,' yet have received
disproportionately less benefit from highly active anti-
retroviral therapy (HAART) than have non-drug users.
Several recent reports>* have shown that HAART is
underutilized among drug users, and that persons with a
history of injection drug use may be less likely to achieve
the level of adherence necessary to maintain viral suppres-
sion than non-drug users.®” However, few of these studies
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have examined the impact of ongoing drug use on
adherence and viral suppression, and none have utilized
electronic monitors to quantify adherence. Because self-
report of both adherence and drug use is likely to be
influenced by social desirability, the use of an objective
measure of adherence is particularly important to avoid
differential misclassification of nonadherence.

Our objective was to describe the impact of ongoing
illicit drug use on antiretroviral therapy adherence in HIV-
infected drug users, using electronic monitors (Medication
Event Monitoring Systems [MEMS]; Aprex Corporation,
Menlo Park, Calif) to measure adherence. In addition, we
determined the impact of active drug use on HIV viral
load.

METHODS

Subjects were recruited from the Bronx HIV Epidemio-
logic Research on Outcomes (HERO) cohort, which began
at Montefiore Medical Center’s Substance Abuse Treatment
Program in 1985, and is comprised of current and former
opiate users. HERO cohort members were eligible for the
adherence study if they had current prescriptions for
combination antiretroviral therapy and were willing to use
MEMS caps for each antiretroviral medication. Subjects
using other medication dispensing devices, such as pill-
boxes, were ineligible. MEMS caps fit standard size
medication bottles, and record the time and date of each
opening as a presumptive dose.

Subjects remained in the adherence study for 6
months, attending research visits at 4-week intervals. At
the first visit, the purpose of the MEMS caps was explained,
and subjects were assisted with transferring their medica-
tions to pill bottles fitted with MEMS caps. They were also
instructed to open the MEMS bottles only to withdraw
doses at the time of ingestion, not to transfer medications
to other containers, and to carry the MEMS bottles with
them if they anticipated taking medication while away from
home.

At each follow-up visit, adherence data were down-
loaded using MEMS software (MEMS View, version 161;
Aprex Corporation), and blood was drawn for viral load
quantification (b-DNA Quantiplex assay [version 3.0;
Bayer Diagnostics, Emeryville, Calif]). Sociodemographic
and laboratory data were obtained at research visits
performed contemporaneously as part of the HERO
protocol. Antiretroviral history and selected psychosocial
variables were assessed at baseline, and use of drugs
and alcohol was assessed at every visit. Subjects
received monetary reimbursement for each visit and a
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Table 1. Sociodemographic, Behavioral, and Clinical Characteristics of
Study Subjects

Variable n (%)
Gender

Female 34 (40)

Male 51 (60)
Race

African American 19 (23)

Hispanic 51 (61)

White 11 (13)
Age (median = 42 y)

<30y 4 (5

31-40y 29 (34)

41-50y 38 (46)

>50y 13 (15)
Marital status

Married 31 (37)

Separated, divorced, or single 53 (63)
Unemployed 76 (91)
Housing

Living in own apartment 70 (83)

Living in others’ apartment 6 (7)

Hotel, shelter, or other temporary housing 8 (10)
Insurance

Medicaid 82 (98)

Medicare 8 (10)
Benefits

Social Security 61 (73)

Food stamps 62 (74)

Welfare 10 (12)
Methadone maintenance 81 (95)
Active drug use during study period

Heroin 21 (25)

Cocaine (including crack) 24 (28)

Heroin or cocaine 32 (38)
Average alcohol use during study period

None 49 (58)

0-1 drinks/wk 14 (16)

2-5 drinks/wk 12 (14)

>5 drinks/wk 10 (12)
Depression (CESD >16) 43 (51)
Alcohol/drug coping style* 26 (31)
Number of antiretroviral therapy drugs in current regimen’

Two 9(11)

Three 70 (82)

Four 4 (5)
Type of antiretroviral therapy drugs in current regimen

Protease inhibitor 59 (69)

Nucleoside reverse transcriptase inhibitor 81 (95)

Non-nucleoside reverse transcriptase inhibitor 16 (19)
Length of time with known HIV infection (median = 7.9 years)

<3y 13 (17)

3-5y 9 (12)

5.1-8y 17 (22)

8.1-11y 23 (29)

>11ly 16 (21)
Median baseline CD4 count (cells/mm?®)* 322
Baseline CD4 count (cells/mm?®)*

<50 8 (10)

50-200 18 (22)

201-500 36 (45)

>500 19 (23)
Mean HIV RNA (copies/mL)§

<50 14 (19)

50-500 17 (22)

10,001-50,000 13 (17)

>50,000 10 (13)

* Alcohol or drug coping style: When under stress or dealing with an
upsetting problem, subject reported that ‘I use alcohol or drugs to help me
get through it,” or “I use alcohol or drugs to make myself feel better.”®
 Combivir counted as two drugs.

+ CD4 counts available for 81 subjects.

§ Mean HIV RNA available for 75 subjects.

cash incentive for returning the MEMS caps at study
end.

All data downloaded from the MEMS caps were
exported into the SAS system (SAS Proprietary Software,
Release 6.11; SAS Institute Inc., Cary NC). The period of
analysis was defined as beginning at 2:00 AM on the day
after the baseline interview, and ending at 2:00 AM on the
day of the sixth follow-up interview (or final interview if the
subject withdrew). Data were combined for subjects who
were given replacement caps for the same medication, and
excluded for subjects who did not use MEMS caps for
defined periods of time (e.g., while hospitalized or
incarcerated).

An overall mean adherence rate for each study subject
was calculated by averaging the adherence rate for each
medication. The adherence rate for each medication was
calculated by dividing the number of MEMS cap openings
by the number of doses prescribed during the entire period
of MEMS cap use. In addition, dose interval adherence was
estimated by calculating the percent of days on which at
least 1 dose was taken, the percent of days on which the
correct number of doses was taken, and the percent of days
on which all medication doses were taken within 25% of the
correct dosing interval (e.g., within 9 to 15 hours of the
previous dose for a twice-per-day medication).

For each of the adherence indices described above,
adherence was analyzed as a continuous variable. HIV viral
load determinations were performed at each visit and,
because a significant minority (15%) of study subjects were
antiretroviral naive and experienced precipitous decreases
in viral load during the study’s first 2 months, mean HIV
viral load (log-transformed) was calculated by excluding the
first 2 viral load measurements and including the last 5.
Associations between continuous variables were assessed
by Spearman correlation coefficients, associations of drug
use behaviors and other categorical variables with adher-
ence were assessed using the Kruskal-Wallis test, and
associations of categorical variables with viral suppression
were assessed using Fisher’s exact test. Multivariate linear
regression analysis using a stepwise selection procedure
was performed to determine the best predictive model for
adherence, and stepwise logistic regression was used to
determine the best predictive model for viral suppression;
both regression procedures used a P value of .15 for model
entry.

RESULTS

Between July 1998 and April 2000, 85 HERO cohort
members were enrolled in the adherence study. Two
hundred sixty-two MEMS caps were dispensed, and data
were analyzed from 213 MEMS caps (81%). Reasons that
MEMS cap data could not be analyzed included: cap
malfunction (n = 11), improper use (n = 11), withdrawal
before data downloaded (n = 17), medications discontinued
before baseline (n = 4), and caps lost (n = 6). Eight subjects
did not contribute any MEMS data because they did not
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return (n = 5) or lost their MEMS caps (n = 3) after the first
interview. The median length of follow-up was 157 days
(interquartile range, 83 to 175 days), and 475 HIV viral load
measurements were obtained.

Mean overall adherence was 53% (median, 519%;
interquartile range, 25% to 87%). The mean percent of
days on which at least 1 dose was taken was 64% (median,
73%; interquartile range, 31% to 94%), and the mean
percent of days on which the correct number of doses was
taken was 38% (median, 29%; interquartile range, 8% to
68%). The mean percent of days on which all medication
doses were taken within 25% of the correct dosing interval
was 23% (median, 14%; interquartile range, 1% to 37%). All
of these adherence rates were highly correlated (r > .9;
P=.0001); further analyses were therefore performed using
only the mean overall adherence rate.

Sociodemographic, behavioral, and clinical character-
istics are listed in Table 1. Forty percent of subjects
reported active drug use (smoking, snorting, or injecting
heroin or cocaine) during the study period. Among cocaine
users, 83% (n = 20) used crack and 17% (n = 4) used only

other forms of cocaine. Subjects were heavily antiretroviral
experienced; only 15% were antiretroviral naive, and the
remainder had taken a mean of 2.7 (range, 1 to 10)
antiretrovirals prior to their current regimen.

Thirty-one subjects (37%) maintained a mean viral
load less than 500 copies/mL during the 6 months of the
study. Mean viral load (log-transformed) was significantly
correlated with overall adherence (r = —.55; P = .0001). As
shown in Table 2, active cocaine use and the tendency to
use alcohol or drugs to cope with stress were significantly
associated with poorer mean overall adherence and with
failure to achieve viral suppression. Female gender, being
unmarried, and not receiving Social Security were also
significantly associated with worse adherence. In multi-
variate analysis, the best predictive model for adherence
included only active cocaine use (3 = —18.7; P=.02) and an
interaction term representing gender and depression
(3 = —8.5; P = .05). This interaction term indicated that
women who screened positive for depression had poorer
adherence than women with a negative depression screen,
but the association between depression and adherence was

Table 2. Drug Use and Other Behavioral, Sociodemographic, and Clinical Factors
Associated with Adherence and Viral Suppression

Variable n* Median adherence, % P Value With Viral Suppression, n (%) P Value

Active cocaine use
Yes 20 27 .005 3 (13) .005
No 57 68 28 (46)

Active heroin use
Yes 20 40 .1 6 (29) NS
No 57 62 25 (39)

Alcohol use several times/wk or every day
Yes 16 37 .09 4 (21) .1
No 61 62 27 (41)

Depressed (CESD >16)
Yes 38 44 .09 13 (30) NS
No 39 62 18 (43)

Alcohol or drug coping style
Yes 22 28 .01 5 (19) .03
No 55 68 26 (44)

Marital status
Unmarried 48 45 .05 17 (32) NS
Married 28 72 14 (45)

Receiving Social Security
Yes 56 63 .01 24 (39) NS
No 21 26 7 (29)

Gender
Female 32 41 .04 8 (24) .07
Male 45 70 23 (45)

Antiretroviral experience (past and current)
>4 drugs 39 53 NS 15 (34) NS
<4 drugs 38 53 16 (39)

CD4 count*
High 37 55 NS 17 (42) NS
Low 38 52 13 (33)

*n <85 due to incomplete Medication Event Monitoring Systems (MEMS) data.
t Alcohol or drug coping style: When under stress or dealing with an upsetting problem, subject reported that "I use alcohol or drugs to help me
get through it,”” or I use alcohol or drugs to make myself feel better.”®

+CD4 count dichotomized at the median for this analysis.
NS, nonsignificant.
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not observed in men. The best predictive model for
achieving viral suppression included no active cocaine
use (odds ratio [OR], 6.3; P = .005), male gender (OR, 3.4;
P =.04), and less antiretroviral experience (OR, 0.7 for each
additional medication; P = .03).

DISCUSSION

The strongest predictor of electronically monitored
(MEMS) adherence in this population of HIV-infected
current and former drug users was active cocaine use.
Because previous studies of adherence to HAART have
either failed to differentiate between active and former drug

9:10 or have not examined the relationship between
6.7.11.12

users,
adherence and ongoing use of specific illicit drugs,
ours is the first to quantify the impact of active cocaine use
on adherence. Active cocaine use was associated with a
41% decline in median adherence, and was therefore also a
strong predictor of failure to maintain viral suppression.
Although median adherence was lower among active heroin
users, this was not statistically significant. Less-frequent
administration of heroin than cocaine, and its different
behavioral sequelae, may account for the difference in
impact of these drugs. Because other drug use, including
methamphetamine use, was rare (<5%) in this study
population, we were unable to examine its impact on
adherence.

We further found that the tendency to use alcohol or
drugs to cope with stress was associated with both poor
adherence and detectable viral load. The questions we used
to assess coping style (see footnote,Table 1) may be easily
adopted in clinical practice, and provide the prescribing
clinician with a means of both assessing and intervening
with drug use behaviors. On the basis of our data, persons
who report that they use alcohol or drugs to cope with
stress are at particular risk for nonadherence, and should
be counseled about alternative coping strategies.

Previous studies'®!* have suggested that adherence
is worse among HIV-infected women than men, although
it remains unclear why this is so. In our study, this
relationship appeared to be mediated by depression, with
women who screened positive for depression being the
least adherent. This was true despite a very high overall
prevalence (51%) of depression, and supports other
findings!'®'® that suggest that identifying and treating
depression in HIV-infected women and drug users might
substantially improve adherence.

We found that electronically monitored adherence in
drug users is low (median, 51%), but that adherence among
drug users who are not actively using cocaine (median,
68%) is similar to that found in previous MEMS adherence
studies conducted in diverse populations.'”''® The lower
adherence rates we obtained using MEMS are consistent
with studies that have compared electronic monitoring to
other measures of adherence in both HIV infection'”-19-2°
and other disease states, and are particularly robust
because they represent adherence with all antiretrovirals.

The sensitivity of the MEMS device for detecting nonad-
herence allowed us to identify patient-specific character-
istics, including active cocaine use, depression, and the
tendency to use drugs or alcohol to cope with stress, that
may be amenable to adherence-enhancing interventions.
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