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Abstract
Objective: To examine the predictors of antiretroviral adherence among HIV-infected adults, with
a particular focus on advancing age, neuropsychological dysfunction, and substance abuse.

Design: Prospective observational design.

Methods: Participants were 148 HIV-infected adults between the ages of 25 and 69 years, all on a
self-administered antiretroviral regimen. Medication adherence was tracked over a one-month period
using an electronic monitoring device (medication event monitoring system caps). All participants
completed a comprehensive battery of neuropsychological tests as well as a structured psychiatric
interview.

Results: The mean adherence rate for the entire cohort was 80.7%, with older patients (⩾ 50 years)
demonstrating significantly better medication adherence than younger patients (87.5 versus 78.3%).
Logistic regression analyses found that older patients were three times more likely to be classified
as good adherers (defined as ⩾ 95% adherent). Neurocognitive impairment conferred a 2.5 times
greater risk of poor adherence. Among the older patients, those who were classified as poor adherers
performed significantly worse on neuropsychological testing, particularly on measures of executive
function and psychomotor speed. Current drug abuse/dependence, but not current alcohol abuse/
dependence, was also associated with sub-optimal medication adherence.

Conclusion: Although older age is associated with higher rates of antiretroviral adherence, older
participants who were cognitively impaired showed disproportionate difficulty in adequately
adhering to their medication regimen. As such, efforts to detect neuropsychological dysfunction,
particularly among older patients, and a thorough assessment of substance abuse, appear to be
essential for the effective treatment of HIV-infected adults.
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Introduction
The advent of highly active antiretroviral therapy (HAART) has resulted in improved
virological, immunological, and clinical outcomes, including reduced mortality rates, in
individuals infected with HIV [1]. Meticulous adherence to HAART is necessary, however, to
achieve an optimal clinical and virological response [2-4], with some studies suggesting that
adherence rates of at least 90–95% are required for optimal viral suppression [4,5]. Sub-optimal
adherence to HAART can lead to increased viral replication and the development of drug-
resistant HIV strains [6,7], with obvious adverse personal and public health consequences.

A variety of factors may predict medication adherence among HIV-infected adults. Central to
the present study is the finding that neurocognitive deficits have been associated with decreased
adherence among HIV-positive adults [8-11]. Chesney and colleagues [9] examined self-
reported factors influencing adherence among participants in HIV clinical trials, and found that
66% of those surveyed endorsed ‘simply forgot’ as a reason for missing antiretroviral doses.
However, that study did not objectively assess cognitive function. Of those studies that have
used objective measures of neuropsychological function to quantify cognitive dysfunction, one
relied upon patient self-report to index adherence [8] and one employed pill counts [11]. A
recent study from our laboratory avoided those methodological confounds by employing
standardized measures of neuropsychological function, coupled with the electronic monitoring
of medication adherence. Although electronic monitoring devices such as medication event
monitoring system (MEMS) caps also have their limitations [12], they have been shown to be
more accurate than patient self-report or pill counts, both of which run the risk of overestimating
adherence rates [13-16]. We found that deficits in executive function, memory, and attention
were associated with poorer adherence to HAART regimens among HIV-positive individuals
[10]. Furthermore, we found that cognitively compromised patients on more complex
medication regimens showed disproportionate difficulty in achieving adequate adherence.

Two trends in the changing demographics of the HIV pandemic are of particular relevance to
medication adherence. First, the number of new cases of HIV infection among middle-aged
and older adults is growing [17]. The pronounced improvement in HIV-associated mortality
and morbidity is also adding to the ranks of the older HIV-infected population. These trends
underscore the need for a better understanding of the impact of aging on medication adherence
in HIV/AIDS. Second, substance abuse continues to be a major risk factor for contracting HIV.
Intuitively, it would seem that substance abuse might have a deleterious impact on adherence,
and recent studies seem to bear this out [18-20].

The current study sought to examine the synergistic effects of older age, cognitive impairment,
and substance abuse on medication adherence in HIV. The effective pharmacological treatment
of HIV/AIDS involves strict adherence to a demanding and often complex medication regimen,
with respect to both the number of pills to be taken per day and the specific dosing instructions
(e.g. take with food, with water, on an empty stomach, or in temporal order relative to other
prescribed medications). In general, older individuals, particularly those with cognitive
impairment, may have greater difficulty in adhering to complex medication regimens [21].
There is evidence suggesting that patients over the age of 50 years who meet diagnostic criteria
for AIDS perform significantly worse on neuropsychological testing than do those with less
advanced disease [22]. Although in general, older age has been associated with better adherence
to HAART [10,23,24], because cognitive status is associated with successful adherence, we
predict that maintaining a high level of medication adherence will be particularly difficult for
cognitively impaired older HIV infected adults. Similarly, we predict worse medication
adherence in HIV-infected substance abusers.
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Methods
Research participants

A total of 148 HIV-seropositive adults were enrolled in the present study. Preliminary data
based on a subset of these individuals were reported in a previous publication by our group
[10]. Participants were recruited using fliers posted in infectious disease clinics at two
university-affiliated medical centers and from community agencies in the Los Angeles area
specializing in providing service to HIV-infected individuals. HIV infection status was
confirmed with enzyme-linked immunosorbent assay and Western blot. Sixty-two per cent of
participants met Centers for Disease Control and Prevention diagnostic criteria for AIDS
[25]. At the time of testing, all participants were on self-administered HAART. The mean age
of the sample was 44.2 years (7.7) with a range of 25–69 years. As suggested by several recent
National Institutes of Health-sponsored conferences on aging and AIDS, we adopted the age
of 50 years as a cut-off point to define ‘older’ subjects. Using that cut-off point 26% of
participants were classified as older. Additional demographic data are presented in Table 1.

Neuropsychological measures
Participants completed a battery of standardized neuropsychological tests that assessed
learning and memory, executive function, psychomotor speed, motor speed, attention, and
verbal fluency (see Table 2) [26-32]. Test scores were converted to demographically corrected
T scores with a mean of 50 and a standard deviation of 10, using published normative data.
Deficit scores were then calculated using an algorithm developed by Heaton and colleagues
[26] that assigns an impairment rating to T scores as follows: T > 39 = 0; 39 ⩾ T ⩾ 35 = 1; 34
⩾ T ⩾ 30 = 2; 29 ⩾ T ⩾ 25 = 3; 24 ⩾ T ⩾ 20 = 4; T < 20 = 5. Participants were classified as
‘impaired’ on a particular cognitive domain if the average deficit score for the
neuropsychological tests comprising that domain was greater than or equal to 0.5. Subjects
were classified as having global neuropsychological impairment if their average deficit score
across all tests was greater than or equal to 0.5. In addition to neuropsychological testing, a
structured clinical interview composed of the mood, psychotic-spectrum, and substance use
modules of the structured clinical interview for the Diagnostic and Statistical Manual of Mental
Disorders (DSM)-IV [33] was administered to all participants.

Measurement of adherence
Medication adherence was determined using MEMS caps to measure HAART adherence over
a 4-week period. MEMS caps employ a pressure-activated microprocessor in the medication
bottle cap that automatically records the date, time, and duration of bottle opening. MEMS cap
data was later retrieved from the cap using a specially designed communication module
connected to a PC serial port. For the majority of subjects (61%), MEMS caps were employed
to track adherence to protease inhibitors. For those participants on a protease-sparing regimen,
MEMS caps were used to track adherence to another antiretroviral medication (e.g. nucleoside
reverse transcriptase inhibitors or nonnucleoside reverse transcriptase inhibitors). Participants
who took at least 95% of their prescribed doses were classified as good adherers. Participants
who took less than 95% were classified as poor adherers.

Procedure
After providing written informed consent, participants were administered neuropsychological
tests and the psychiatric interview. Trained psychometrists, supervised by a board-certified
neuropsychologist (C.H.H.), conducted all neuropsychological testing. Psychiatric
interviewing was conducted by psychology fellows under the supervision of a licensed clinical
psychologist with expertise in diagnostic interviewing (S.A.C.). Participants received
instruction in how to use the MEMS caps and were scheduled to return one month later. At the
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follow-up visit, MEMS caps were collected and data downloaded. Participants received US
$80.00 for participating in the study, which was approved by the institutional review boards
of both UCLA and the West Los Angeles VA Medical Center.

Statistical analyses
Logistic regression was used to determine the predictive relationship between older age,
cognitive dysfunction, and medication adherence. Age was handled as a dichotomous variable,
with older age defined as at least 50 years of age. Medication adherence was also dichotomized
on the basis of whether participants were able to adhere to at least 95% of prescribed doses.
Chi-squared analyses were used to determine the relationship between age and adherence, as
well as the association between adherence and specific neuropsychological domains.

Results
The mean adherence rate for the entire cohort was 80.7%, with older subjects achieving a mean
adherence rate of 87.5% and younger subjects achieving a mean adherence rate of 78.3%, a
difference that is statistically significant, F(1,146) = 6.3, P = 0.01. Subjects were then classified
as either good adherers if they adhered to 95% or better of prescribed doses, or poor adherers
if they failed to attain a 95% adherence rate. As can be seen in Fig. 1, 53% of older subjects
were classified as good adherers, whereas only 26% of younger subjects were able to attain a
95% adherence rate, a difference that is statistically significant [χ2(148) = 9.5, P = 0.004].
Using a more liberal 90% cut-off point to define good adherence, 71% of older subjects were
found to be adherent versus only 37% of younger subjects, a difference which again is
statistically significant, [χ2(148) = 13.0, P = 0.001].

Logistic regression analysis was performed to determine the predictive relationship between
older age, cognitive dysfunction, and medication adherence, with good medication adherence
conservatively defined as at least 95% of prescribed doses taken. The results of logistic
regression revealed that age (β = 1.12, P = 0.005) and global neuropsychological performance
(β = 0.92, P = 0.02) were significantly associated with medication adherence [χ2(2,148) = 14.9,
P = 0.0006]. Older individuals were three times more likely to be good adherers than younger
subjects [odds ratio (OR) 3.1, 95% confidence interval (CI) 1.40–6.76]. Neuropsychologically
compromised subjects were 2.5 times more likely to be poor adherers (OR 2.5, 95% CI 1.19–
5.35).

In an effort to determine what differentiated older subjects who were able to adhere adequately
to their medication regimen from those who could not, the next analysis examined the
association between neuropsychological status and medication adherence rates. As depicted
in Fig. 2, 65% of the older subjects who were classified as good adherers scored within the
normal range on the composite measure of global cognitive status. In contrast, only 17% of
older subjects classified as poor adherers were cognitively normal, with 83% meeting the study
criteria for global cognitive impairment. This difference in global neuropsychological
impairment as a function of the adherence group is statistically significant [χ2(38) = 7.4, P =
0.009].

A series of chi-squared analyses were then performed to identify which component cognitive
processes might be driving this relationship. Poor adherence was associated with impairment
in executive function [χ2 (38) = 10.6, P = 0.001], memory [χ2(38) = 3.7, P = 0.05], and
psychomotor slowing [χ2(38) = 4.3, P = 0.04] (see Fig. 2). Of those older subjects with
executive dysfunction, 74% were classified as poor adherers. In contrast, only 21% of older
subjects who performed normally on tests of executive function were found to be poor adherers.
A similar relationship emerged between the psychomotor slowing factor and medication
adherence. Among those patients classified as poor adherers, 78% performed within the
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impaired range on the neuropsychological measures of psychomotor speed. Finally, 67% of
older subjects with memory impairment were classified as poor adherers. The remaining
cognitive domains were not significantly associated with medication adherence.

Current drug abuse or dependence was also associated with poor medication adherence. As
can be seen in Fig. 3, 13 of the 14 subjects (93%) who met DSM-IV diagnostic criteria for
current drug abuse or dependence were classified as poor adherers, whereas only 65% of the
non-drug abusing subjects were poor adherers, a difference that is statistically significant
[χ2(1,144) = 4.6, P = 0.04]. Cocaine was the most common drug of abuse, with nine out of 14
(64%) meeting diagnostic criteria for cocaine abuse or dependence. Although 77% of subjects
who met DSM-IV diagnostic criteria for alcohol abuse/dependence were poor adherers, current
alcohol abusers were not statistically more likely to be poor adherers than were subjects who
did not meet diagnostic criteria for current alcohol abuse/dependence [χ2(1,144) = 0.73, P =
0.58]. Because of a low base rate of substance abuse among older subjects in this sample, we
were unable to determine whether the concomitant presence of both older age and drug/alcohol
abuse resulted in disproportionate difficulties with medication adherence.

Discussion
This study, which combined objective measures of neuropsychological function with an
objective measure of medication adherence (MEMS caps), found that older age is associated
with significantly better medication adherence. HIV-infected adults aged 50 years or over were
three times more likely to achieve a 95% adherence rate than were younger subjects. Among
the older HIV-infected participants, poor adherers were significantly more likely to
demonstrate neuropsychological compromise. Finer-grained analyses of the
neuropsychological data revealed that deficits in executive function memory and psychomotor
speed account for this association.

Although we have conceptualized cognitive dysfunction as causing poor adherence, it is
equally plausible that poor adherence results in a number of untoward clinical outcomes,
including neuropsychological impairment. Given the lack of longitudinal follow-up in the
present study, we cannot presently disentangle the causative pathway between these two
factors. In all likelihood, a bi-directional relationship exists, with cognitive impairment
adversely affecting patients' ability to adhere to their medication regimen, which in turn results
in further disease progression and a worsening of cognitive function.

Current drug abuse was also associated with poor medication adherence. Indeed, 13 of the 14
HIV-positive participants who met DSM-IV diagnostic criteria for drug abuse or dependence
were classified as poor adherers. Although these data underscore the deleterious effects of
active drug abuse on medication adherence, the mechanism by which this occurs is unclear.
One possibility is that drug abuse potentiates HIV-associated neuropsychological compromise,
which then results in difficulties with adherence. Another explanation would argue that the
often chaotic lifestyle associated with illicit drug abuse is antithetical to the structure necessary
to adhere to a complex medication regimen. We are currently engaged in a larger-scale study
focused on the interplay of drug abuse, neuropsychological dysfunction, and medication
adherence; research that should help shed light on this increasingly important topic.

The use of objective techniques to track medication adherence and to assess neurocognitive
status represents a significant methodological improvement over past studies in this research
domain. It is well accepted that self-report techniques, particularly when used to assess ‘socially
undesirable’ behaviors such as failing to adhere to physicians' instructions, lack precision, and
frequently underestimate the behavior in question [13,34]. The lack of concordance between
self-reported cognitive status and objective indices of neuropsychological performance is also
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well established [35,36]. As such, studies that have relied either on patients' descriptions of
their cognitive status or patients' self-report of their medication adherence rates are possibly
weakened by this confound. Electronic monitoring technology, however, is not without its
critics. First, MEMS caps simply record pill bottle opening and not the actual ingestion of
medication. Second, it has been argued that MEMS caps may underestimate actual adherence
rates, particularly among patients who remove an additional dose from their pill bottle with
the intent of taking it at a later time. Termed ‘pocket dosing’, such behavior can result in the
misleading appearance of poor adherence. To minimize the impact of this, in the present study
we explicitly discouraged participants from removing extra doses from their pill bottle.
Nonetheless, it is possible that these data underestimate actual adherence rates.

The use of the age of 50 years to define older age is admittedly arbitrary. Most of the aging
literature employs a lower bound of 65 years, and often even older, to define older age. The
decision to adopt this cut-off point was based on several National Institutes of Health-sponsored
working groups that offered this as a compromise position, in large part driven by the logistical
difficulty in assembling a sufficiently large cohort of HIV-infected adults in their 60s and 70s.
It is recognized, however, that age-related declines in cognition do not typically start among
individuals in their 50s, although our group has reported preliminary data to suggest that the
deleterious effects of age may be detectable among patients in their 50s with more advanced
disease (i.e. AIDS). Another viable criticism could stem from the decision to use a 95%
threshold to define good adherence. Whereas several widely cited papers have found that such
high adherence rates are necessary to achieve optimal viral suppression [4], and slow the rate
at which drug-resistant strains of the virus emerge [6], others have failed to find differences in
disease progression between patients who only adhere to 70-90% of doses compared with those
who attain an adherence rate of at least 90% of prescribed doses [13,37].

These questions aside, it does appear that as a group HIV-infected individuals over the age of
50 years are better able to adhere to their HAART regimens than are younger adults. Further
research is required to determine the decade at which the beneficial impact of older age on
adherence begins to attenuate. It is also evident that neuropsychological dysfunction and
substance abuse are associated with greater difficulty with medication adherence. Indeed,
cognitively impaired older subjects demonstrated disproportionate difficulty with adherence.
Given the ‘graying’ of the HIV-infected populace, further research targeting this critical line
of research appears to be warranted.
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Fig. 1. Medication adherence in younger and older HIV-infected adults
□ Good adherence (percentage adherence > 95%); ■ poor adherence (percentage adherence <
95%).
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Fig. 2. Medication adherence in older HIV-infected adults as a function of cognitive impairment
□ Good adherence (percentage adherence > 95%); ■ poor adherence (percentage adherence <
95%). Imp, Cognitively impaired; Norm, cognitively normal. Global cognition is a composite
of all the individual cognitive domains.
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Fig. 3. Medication adherence among HIV-infected adults who meet Diagnostic and Statistical
Manual of Mental Disorders IV diagnostic criteria for current drug abuse/dependence or current
alcohol abuse/dependence
□ Good adherence (percentage adherence > 95%); ■ poor adherence (percentage adherence <
95%).
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Table 1

Demographic characteristics of participants (N=148).

Demographic characteristic Mean SD

Age 44.2 7.7

Education 13.4 2.3

Estimated premorbid intelligence 103.7 10.9

Beck Depression Inventory (2nd ed) 15.0 11.0

Beck Anxiety Inventory 12.0 9.9

CD4 cell counta 391 245

% of participants

Female 17

Age 50 years or over 26

Ethnicity

 African American 70

 White 17

 Hispanic 9

 Other 4

AIDS diagnosis 62

a
CD4 cell counts were obtained on 125 participants.
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Table 2

Neuropsychological tests by domain and normative data utilized.

Domain/test Normative data

Speed of information processing

 Symbol digit modalities test Smith (1982) [27]

 Trail making test part A Heaton et al. (1991) [26]

Learning and memory

 CVLT trials 1–5 Delis et al. (1987) [28]

 CVLT short-delay free recall Delis et al. (1987) [28]

 CVLT long-delay free recall Delis et al. (1987) [28]

Verbal fluency

 Controlled oral word association test Selnes et al. (1991) [29]

Boone et al. (1990) [30]

Attention and working memory

 Paced serial addition test Stuss et al. (1988) [31]

Executive functioning

 Short category test, booklet format Wetzel and Boll (1987) [32]

 Trail making test part B Heaton et al. (1991) [26]

 Stroop color word test – Interference Selnes et al. (1991) [29]

Boone et al. (1990) [30]

Motor functioning

 Grooved pegboard dominant hand Heaton et al. (1991) [26]

 Grooved pegboard non-dominant hand Heaton et al. (1991) [26]

CVLT, California verbal learning test.
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