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Introduction

Pharmacological advances in the treatment of HIV infection—referred to by the lay 
media as having a “Lazarus effect” due to its success—have transformed what was 
once a terminal illness into a chronic illness. As a result, individuals with HIV are 
living longer. But there is a catch. As succinctly captured by the ex-Surgeon General 
C. Everett Koop, even the most effective advance in pharmacotherapy is of little use 
if patients fail to adequately adhere to their medication regimen (“Drugs don’t work 
if people don’t take them”). Nearly 50 % of all adults in the United States are liv-
ing with at least one chronic illness (Centers for Disease Control 2009) and 50 % of 
those individuals are poorly adherent to their prescribed medications (Sabaté 2003). 
The costs of non-adherence are staggering from both personal and public health 
perspectives. For example, an estimated 86,000 premature deaths can be prevented 
annually if patients were adherent to their prescribed antihypertensive medications 
(Cutler et al. 2007). Anywhere between one-third and two-thirds of medication-
related emergency visit hospitalizations are related to failures in medication adher-
ence, a cost that is estimated to approximate $100 billion annually (McDonnell and 
Jacobs 2002; Osterberg and Blaschke 2005).
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There exists an extensive body of research across diseases, as well as specific 
to HIV, that has examined predictors of medication adherence as well as inter-
ventions designed to improve adherence. With regard to HIV, medication adher-
ence is associated with a wide range of factors, including: (a) those related to 
the patient (e.g., demographic factors, psychiatric illness, beliefs about medica-
tions and illness); (b) the medications prescribed (e.g., adverse side effects and 
complex dosing regimens); (c) the illness under treatment (e.g., HIV-associated 
cognitive dysfunction); and (d) the psychosocial environment (e.g., poor access 
to care, social support, and the patient-provider relationship) (Ickovics and 
Meisler 1997). This chapter will primarily focus on the relationship between 
cognition and medication adherence among HIV-infected adults, with a particu-
lar emphasis on older HIV+ adults, one of the fast growing subgroups in the 
HIV populace.

There are several shared factors that converge to make the study of neurocog-
nition and medication adherence among individuals living with HIV, especially 
older individuals living with HIV, of considerable interest from a public health 
perspective. First, older adults are at particular risk for poor medication adher-
ence secondary to cognitive compromise. The normal aging process and HIV  
infection are associated with decline in an overlapping array of neurocognitive 
abilities, including executive functions, working memory, attention, learning/
memory, and speed of cognitive processing (Heaton et al. 1995; Hinkin et al. 1990, 
2002b; Wendelken and Valcour 2012; Wilkie et al. 2000). By the year 2015, an 
estimated 50 % of the HIV-infected population will be over the age of 50 (Centers 
for Disease Control 2007) and these ‘older’ HIV+ individuals are three times 
more likely to develop HIV-associated dementia than younger HIV+ individuals 
(Valcour et al. 2004).

Second, both older adults and individuals living with HIV are more likely to 
require self-management of multiple medications for various chronic illnesses. 
Older individuals in the general population use up to 40 % of all prescribed medi-
cations (Vik et al. 2006), though they constitute only approximately 15 % of the 
population. Antiretroviral therapy for the treatment of HIV typically consists 
of a combination of at least three different classes of antiretroviral agents. This 
has traditionally required at minimum three different medications (often more) 
to be taken multiple times a day, though single pill combinations (typically a  
combination of two or more medications in one pill) are becoming more preva-
lent. In addition, it has been demonstrated that 89 % of older HIV+ individuals 
(age 55 years and older) have at least one comorbid condition (Shah et al. 2002). 
These individuals are more likely to take medications for a variety of comorbid 
chronic diseases, such as heart disease, diabetes, hypertension, and hyperlipi-
demia, to name a few.

Third, relative to other medication regimens, antiretroviral therapy requires metic-
ulous adherence (90–95  % adherence levels) as suboptimal adherence can result 
in the emergence of treatment resistant viral mutations (Paterson et al. 2000). This 
dwarfs the level of adherence required for most chronic diseases (e.g., hypertension), 
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and underscores why this issue is of such public health concern. Unfortunately, only 
up to 50–60 % of HIV+ adults taking antiretroviral therapy maintain these optimal 
adherence levels (Gifford et al. 2000; Hinkin et al. 2004; Nieuwkerk et al. 2001), 
leading to what can be a rather precipitous decline in immunocompetence and the 
advent of untoward clinical consequences.

Finally, due to recent developments, the number of HIV+ individuals prescribed 
antiretroviral therapy will likely increase. Historically, many HIV+ adults have 
refused to initiate pharmacotherapy, holding off until absolutely necessary. However, 
it has just recently been recognized that early initiation of antiretroviral therapy 
reduces risk of transmission to uninfected sexual partners by 96 % (HIV Prevention 
Trials Network  2011). Moreover, even HIV- individuals who are at heightened risk 
for contracting HIV (e.g., those in a HIV sero-discordant relationship) are being 
placed on antiretroviral therapy given recent approval of Truvada for prophylactic 
use (US Food and Drug Administration 2012). Given the potential that suboptimal 
adherence can lead to the development of treatment resistant viral strains, rigorous 
adherence to antiretroviral therapy is therefore an increasing public health concern.

This chapter is intended to provide a broad overview of factors associated with 
medication adherence to antiretroviral therapy, with particular emphasis on the most 
current knowledge regarding the relationship between neuropsychological function-
ing and medication adherence. We will begin with a brief review of some of the 
many methodological complexities important to consider in the study of medication 
adherence and cognition. The balance of the chapter will focus on key neurocogni-
tive, psychiatric (including substance use), and psychosocial factors that have been 
shown to be related to medication adherence in the HIV-infected population.

Methodology

Medication Adherence Measurement Techniques

Medication adherence involves taking the correct dosage of a medication (e.g., the 
correct number of pills), at the correct time, while adhering to specific instructions 
(e.g., with or without food; Gould et al. 1999). A number of methods have been devel-
oped to measure medication adherence, each with inherent advantages and disadvan-
tages in terms of measurement accuracy and feasibility. These methodologies fall 
into two broad categories, subjective (e.g., self-report) and objective (e.g., pill counts,  
electronic monitoring devices) techniques (see Table  6.1; Castellon et al. 2009). 
Although a comprehensive review of each of these techniques is beyond the scope of 
this chapter, we will briefly review several commonly used approaches.

Self-report is the most widely used method to track adherence in both research 
and clinical settings because of its low cost and ease of administration. Patients are 
asked to recall how adherent they were (often using a Likert Scale) to their pre-
scribed medication regimen over the course of a specified time period. While the 
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Measures Description

Subjective measures Description
Self-report The patient is asked to recall if they took their medications  

as directed typically using a Likert Scale
Strengths Cost-effective, ease of data collection
Weaknesses Patients may not be able to accurately recall;  

may over-estimate adherence
Clinician ratings The physician assesses and rates how well the patient has adhered to their 

medication regimen via questioning in  
terms of their functional status, attitudes toward taking  
medications, medication side effects, and level of  
participation in their medication treatment

Strengths Easily obtainable
Weaknesses Patients portray their attitudes toward  

medications as being more favorable than they actually  
are; overestimation of adherence rates by the clinician

Objective measures Description
Pill counts The physician calculates the number of pills that should  

remain at their next visit, based on the number of pills  
prescribed and how many they should have ingested

Strengths Straightforward, easy to calculate
Weaknesses Assumes missing pills were consumed and not discarded/

misplaced; easy for patients to calculate and, therefore, manipulate their 
pill counts to appear more  
adherent (can be countered by “unannounced pill counts”); does not track 
whether patients are taking these  
medications at the right time

Pharmacy refill 
records

The physician examines the patient’s refill records

Strengths Cost-effective; can be easily obtained
Weaknesses Pharmacy records have to be centralized;  

assumes that patients who are refilling their medications  
on time are adherent; cannot determine whether patients  
are taking their medications on time

Laboratory based 
analog  
measures

Tests that assess the patient’s ability to self-administer and  
manage fictitious medications (e.g., sorting, organizing  
and planning for trips)

Strengths Attempts to assess real world medication  
management abilities

Weaknesses Tasks may not simulate the patient’s medication behaviors 
outside of the laboratory; understudied area

Blood levels The patient is administered a blood test in order to determine  
if they are adherent to their medications

Strengths Objective marker of medication adherence; Precise quantification
Weaknesses Only useful for medications taken recently and  

is not helpful for determining whether the patients are  
typically adherent

Table 6.1   Adherence Methodologies

(continued)
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advantages to this approach are clear, there are considerable limitations; most nota-
ble is the consistent finding that self-report tends to overestimate actual adherence 
rates (Arnsten et al. 2001; Liu et al. 2001). When using self-report methodologies, 
shorter recall intervals (e.g., 4 days) have been found to be more closely related to 
objective measures (Levine et al. 2006). For obvious reasons, however, relying on 
self-report of cognitively impaired patients is problematic (Thames et al. 2011a).

As an alternative to subjective measures, the Medication Event Monitoring 
System (MEMS) (Aprex Corp, Union City, California) was created. In its most 
basic form, this is a pill bottle with a microchip-embedded cap that records 
the precise date, time, and duration of each bottle opening. When this is used, 
medication adherence is typically calculated as the total number of MEMS bot-
tle openings divided by the total number of bottle openings that should have 
occurred over a specified time period. There are some logistical complexities 

Measures Description

Medication event 
monitoring  
system (MEMS)

This utilizes pill bottle caps that record the date, time, and  
duration of bottle opening

Strengths More accurate than pill counting and self-reporting  
(can also ensure that patients are taking their medications  
on time)

Weaknesses Bulky nature of the bottle, which can result in the patient  
removing extra doses for later ingestion (i.e., “pocket-dosing”);  
pills cannot be organized; the data must be downloaded; may  
underestimate adherence rates

MedTracker This utilizes a pillbox with multiple compartments and an electronic  
tracking device

Strengths Continual tracking of adherence without downloading  
information, can organize pills by day of the week, and track  
adherence to multiple medications (which could potentially  
allow for real-time interventions)

Weaknesses Not optimized for size, the number of compartments  
may not be ideal for users; may be difficult to distinguish  
adherence to different medications

Adapted from Castellon et al. (2009)

Table 6.1  (continued)
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to this approach, including its cumbersome nature. This may cause patients to 
remove extra doses from their MEMS for later ingestion. This approach also pre-
vents individuals from placing their medications into organized pillboxes that aid 
in medication taking behavior. Perhaps as a result of this, researchers have found 
that MEMS may underestimate medication adherence (Liu et al. 2001). It should 
also be noted that studies using MEMS often track one medication as opposed to 
multiple medications (for logistical reasons). Therefore, these more general asso-
ciations may in fact also underestimate the effect of cognition on adherence rates 
to multiple medications. There is no gold standard in regards to measuring medi-
cation adherence. However, there is evidence to suggest that objective measures 
(including MEMS) are better approaches compared to self-report, though a multi-
measure methodological approach is ideal (Arnsten et al. 2001; Liu et al. 2001). 
More recently, the MedTracker (Hayes et al. 2006) and the Med-eMonitor devices 
(www.informedix.com; Harberer et al. 2012) were developed to overcome some 
of the MEMS limitations.

Pill count is an objective and straightforward technique that has been used 
to measure adherence rates. Clinicians calculate the number of pills that should 
remain based on the number of pills initially possessed and the number of pills 
that should have been ingested. However, this is easy for patients to calculate and 
they may remove extra doses from their pill bottle prior to appointments in order 
to appear more adherent. To overcome this limitation, “unannounced pill counts” 
(Bangsberg et al. 2001) can be condutced. Unannoucned pill counts have been 
shown to correlate with HIV RNA and medication adherence electronic monitor-
ing devices (Haberer et al. 2012). Unannounced telephonic pill counts is another 
twist to this technique.

Precise quantification of medication adherence can be ascertained through 
blood tests. However, one drawback of this technique is that it is not useful for 
examining adherence rates for medications that metabolize rapidly. Second, blood 
levels will only detect recent medication behaviors, but do not provide insight into 
the patient’s typical medication taking behaviors.

Pharmacy refill records can also be used to assess medication adherence. It is 
assumed that if the patients are refilling their medications on time, it is likely that 
they are taking them as prescribed. Although this technique is cost-effective, it 
requires centralized pharmacy records and assumes that patients are taking their 
medications as prescribed.

Laboratory-based performance measures (analog measures) of medication man-
agement have been increasingly used by researchers, who are interested in finer-
grained examination of adherence behavior. Medication management refers to 
select aspects of medication taking abilities, such as the ability to read and under-
stand labels on pill bottles, and the ability to know when to refill their medications, 
how many pills are required for each dosage, and how to correctly place pills in a 
pillbox based on the instructions on the labels. Analog measures have been found 
to correlate with self-reported medication adherence (Albert et al. 1999). To our 
knowledge, their relationship to other measures of medication adherence has yet to 
be assessed.

http://www.informedix.com
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Measurement of Cognition in the Study of Medication 
Adherence

A number of different techniques have also been used to measure cognition 
in medication adherence studies. There remains significant methodological  
variability within the literature assessing cognition and the impact of cogni-
tion on adherence to antiretroviral therapy (Lovejoy and Suhr 2009; Robertson 
et al. 2009). HIV predominantly affects fronto-subcortical regions of the brain, 
resulting in deficits in executive functions, learning and memory, processing 
speed, attention, and motor functioning. Researchers must decide whether they 
will measure a single cognitive domain (e.g., memory) or multiple domains. As 
we will discuss below, medication taking-behavior is a complex behavior enlist-
ing multiple domains and measuring a single construct (e.g., memory) may 
not fully capture the manner by which cognition affects medication adherence. 
Neuropsychological test selection, the number of tests used to assess cognitive 
domains of choice, and methods used for post-processing neuropsychological 
test data (e.g., whether to employ demographically adjusted normative data; how 
to best collapse data for analysis) must also be considered. Since the advent of 
antiretroviral therapy, milder forms of HAND have become more prevalent and 
test selection aimed at accurately capturing milder forms of cognitive impair-
ment is crucial. Furthermore, the demographic composition of the HIV-infected 
populace has changed considerably over time, with the result that researchers 
must now carefully consider how demographic factors may affect neuropsycho-
logical test performance over and above the effects of HIV infection itself. In a 
recent review of studies examining the impact of HIV-associated neurocognitive 
dysfunction (HAND) on adherence, Lovejoy and Suhr (2009) found that studies 
that used multiple measures of cognition were more likely to detect a relationship 
between cognition and medication adherence than were those that relied upon a 
single screening tool. They concluded that comprehensive neuropsychological  
batteries coupled with the use of demographically corrected normative data should 
be viewed as the ideal approach that should be employed whenever possible unless 
logistical constraints demand otherwise.

Neuropsychological Functioning and Medication Adherence

Cognitive Dysfunction and Medication Adherence

Although it was long recognized that impaired cognition can be an important 
barrier to treatment (Geller 1982; Parkin et al. 1976), formal study using objec-
tive measures of cognition and their relationship to medication adherence did 
not emerge in the general medical literature until about two decades ago (Farmer  
et al. 1990; Meyer and Schuna 1989) and in the HIV literature until about 10 years 



92 S. E. Panos et al.

ago (Avants et al. 2001; Hinkin et al. 2002a). Since then, a large body of research 
has accrued and converged on the clear conclusion that impaired cognition has an 
adverse impact on medication adherence. Difficulties with medication adherence 
have been linked to a wide range of neurocognitive dysfunction, including deficits 
in executive function, complex attention/working memory, learning and memory, 
psychomotor processing speed, and motor functioning (for review, see Lovejoy 
and Suhr 2009). The fact that deficits in a wide array of neurocognitive abilities 
can lead to compromised adherence is not surprising given that medication adher-
ence is indeed a rather complex behavior that would arguably enlist multiple cog-
nitive functions (e.g., comprehension of instructions and of risks of non-adherence, 
the ability to develop a systematic plan for pill taking that requires a significant 
degree of forethought and initiation, the ability to remember to take the medica-
tions at the right times in the face of concurrent demands in one’s day-to-day life) 
as well as relatively more simple behaviors (e.g., the ability to open a pill bottle). 
Hinkin et al. (2002a) found that HIV+ adults who presented with global cognitive 
impairment (as assessed by a battery of neuropsychological tests) were more than 
twice as likely to be non-adherent than those with intact cognition. Among individ-
ual cognitive domains, higher order neurocognitive processes (i.e., executive func-
tions, learning/memory, and complex attention) appear to be more robustly related 
to medication adherence (Hinkin et al. 2002a; Lovejoy and Suhr 2009).

Longitudinal Studies of Cognition and Medication Adherence

Although the majority of studies assessing the relationship between cognition and 
medication adherence to antiretroviral therapy have been cross-sectional/correla-
tive in nature, second-generation studies of medication adherence and cognition 
have begun to focus on “cause and effect” questions. To the extent that medica-
tions beneficially impact cognition (as is the case with many medications, includ-
ing antiretroviral therapy), the relationship between cognition and medication 
adherence should be conceptualized as bidirectional in nature. As such, we would 
expect not only that cognitive dysfunction should lead to poor adherence, but also 
that poor medication adherence should lead to worsening neuropsychological  
dysfunction. Disentangling the effects of each (cognition and medication adher-
ence) requires sophisticated longitudinal studies that assess both medication 
adherence and neurocognition at multiple time points. Two longitudinal stud-
ies from our laboratory have directly tackled this chicken and egg conundrum. 
Employing path-analysis in a sample of 91 HIV+ adults, Ettenhofer et al. (2010) 
measured medication adherence prospectively over the course of 6 months using 
MEMS caps and assessed cognition at baseline and 6  months later. As seen in 
Fig.  6.1, baseline cognition was predictive of medication adherence over the 
course of the 6 month study. Analyses by discrete cognitive sub-domains revealed 
that this was driven primarily by executive functions and learning/memory. After 
controlling for the inherent correlation between cognition assessed at both time 



936  Neurocognition and Medication Adherence in HIV-Infected Adults

points (before and end of study), they found that higher levels of medication 
adherence across the 6 months were predictive of better cognition at the end of the 
study. Analysis by discrete cognitive domains revealed this was primarily driven 
by executive functions, complex attention, information processing, and motor 
functioning.

Using a different longitudinal methodology, Becker et al. (2011) compared 
the medication adherence trajectories of HIV+ patients who exhibited cognitive 
decline and those who did not over the course of 6 months. Those who exhibited 
cognitive decline over the course of the 6  months also evidenced steeper adher-
ence declines over time. In the final month of the study, those with cognitive 
decline evidenced 52  % adherence levels compared to the 66  % adherence lev-
els of the cognitively stable group. Follow-up analyses revealed that learning and 
memory in particular was associated with changes in adherence.

Taken together, these studies suggest that a variety of cognitive functions are 
related to medication adherence. The relationship between cognition and medica-
tion adherence is bidirectional, with higher order cognitive functions (executive 
functions and learning/memory) appearing to be more robust predictors of medica-
tion adherence. Declines in cognition over time result in corresponding declines in 
medication adherence. Conversely, medication adherence is predictive of a wider 
range of neurocognitive changes. Executive functioning in particular appears to 
be involved both directions of the relationship between cognition and medication 
adherence and is therefore a prime target for focused intervention.

Interactions Between Cognition and Other Variables

Age

In general, Dr. Koop would be most pleased with older HIV+ adults, as they have 
been shown to be far more adherent than are younger patients. Assessing 

Fig.  6.1   Model of longitudinal path analysis of global cognition and medication adherence. 
Reproduced with permission from Wolters Kluwer Health. From Ettenhofer et al. (2010, p. 1219)
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medication adherence over the course of a month, Hinkin et al. (2004) found that 
older HIV+ individuals (individuals 50 years of age and older1) demonstrated sig-
nificantly better adherence rates (87.5  %) to antiretroviral therapy compared to 
younger HIV+ individuals (78.3  %). Using adherence cutoff scores to classify 
patients as “good adherers” (95 % adherence or better) and “poor adherers” (less 
than 95  % adherence levels), they found that older individuals were three times 
more likely to be classified as good adherers. This beneficial “effect” of older age 
on medication adherence has been consistently replicated (Becker et al. 2002; 
Halkitis et al. 2008). A variety of explanations have been advanced, including the 
possibility that older individuals are more accustomed to taking medications for 
other age-related illnesses, are less burdened by lifestyle alterations necessary for 
successful adherence, and have an increased appreciation of their own mortality 
and therefore increased motivation to be medically compliant.

However, while medication adherence levels are typically higher among older 
adults, older adults appear to be more susceptible to the deleterious impact of cogni-
tive dysfunction on medication adherence. Finer-grained analyses conducted as part 
of the abovementioned study performed by our group found that an overwhelming 
majority of older patients who were classified as “poor adherers” were cognitively 
compromised. In contrast, only 35 % of those classified as “good adherers” were 
found to demonstrate cognitive dysfunction (Hinkin et al. 2004). In a follow-up 
study, we assessed the relationship between age and cognition on medication adher-
ence more directly (Ettenhofer et al. 2009). Using a large sample (N =  431) and 
sophisticated statistical analyses (structural equation modeling), we found that neu-
rocognitive impairment was associated with poorer medication adherence among 
older individuals, but not among their younger counterparts (see Fig. 6.2).

As mentioned previously, researchers are increasingly employing laboratory-
based analog tasks to examine aspects of medication taking abilities. One such 
measure, the medication management task (MMT; Albert et al. 1999), has been 
refined by Heaton et al. (2004) in their work with HIV-infected patients. Our 
group employed the MMT to further assess the relationship between cognition, 
age, and medication management and found that medication management abilities 
correlated with a wide range of cognitive abilities, including executive function-
ing, attention/working memory, verbal fluency, and spatial processing (Thames et 
al. 2011b). As seen in Fig. 6.3, cognitively impaired individuals, particularly older 
patients, performed significantly worse on the medication management task than 
did younger patients. These findings suggest that cognition can impact medication 
adherence via some of the more basic aspects of medication management as well 
as some of the more complex aspects (e.g., planning ahead, remembering to take 

1  Readers familiar with gerontology research, or who themselves are on the far side of 50, might 
balk at the use of age 50 to define “older” adults. This cut point was not arrived at arbitrarily but 
instead has its roots in the proceedings of several working groups convened by the NIH in the 
late 1990s/early 2000s on this topic when the “graying” of the HIV epidemic was first recog-
nized. Now that increasing numbers of HIV+ adults are living into their 70s and beyond, it may 
be time to soon revisit and revise this convention.
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the medications at the right times in the face of concurrent demands in one’s day-
to-day life). This suggests that the MMT has potential for providing clinicians 
with a tool for identifying patients who need support with some of the more con-
crete aspects of medication management.

Regimen Complexity

Regimen complexity (e.g., dosing frequency, number of medications) has long been 
recognized as a factor to adversely impact medication adherence across a variety of 

Fig. 6.2   Latent model of cognition and medication adherence among younger and older HIV+ 
adults. Reproduced with permission from American Psychiatric Publishing, Inc. From Ettenhofer 
et al. (2009, p. 287). Notes Mem.: memory; Attent.: attention; Exec.: executive; Qual.: qualitative 
self-report; 30 day: 30 day self-report; 1 day: 1 day self-report.Standardized values shown from 
model C0. Factor loadings of 1 day self-report have been reversed for ease of interpretation
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illnesses, including HIV (for reviews, see Ammassari et al. 2002; Claxton et al. 2001; 
Ingersoll and Cohen 2008; Iskedjian et al. 2002). As the number of medications and/
or dosing frequency increases, medication adherence tends to decline. From a neuro-
cognitive standpoint, select populations may be at particular risk for poor medication 
adherence secondary to regimen complexity. Assessing the effects of regimen com-
plexity (once or twice daily vs. three or more times daily) and cognition on MEMS 
cap adherence in an HIV+ sample, Hinkin et al. (2002a) found main effects for cogni-
tion and regimen complexity as well as an interaction between cognition and regimen 
complexity. Individuals who were cognitively compromised and who were prescribed 
a more complex dosing regimens evidenced the lowest adherence rates (see Fig. 6.4). 
Complex dosing regimens did not pose disproportionate difficulty for cognitively 

Fig. 6.4   Relationship 
between cognitive status, 
regimen complexity, and 
medication Adherence 
among HIV-infected adults. 
Reproduced with permission 
from Wolters Kluwer Health. 
From Hinkin et al. (2002a, 
p. 1947)

Fig. 6.3   Age and group 
differences on medication 
management task (mean 
scores represented for ease of 
interpretation). GDS Global 
deficit score. Reproduced 
with permission from Taylor 
and Francis, Ltd. From 
Thames et al. (2011b, p. 204)
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intact adults. Analyses by discrete neurocognitive domains revealed that this interac-
tion was primarily driven by higher order cognitive processes (executive functions and 
higher order attentional processes), but not memory. These findings suggest that med-
ication-specific factors such as complex dosing regimens can play an important role, 
particularly if individuals are experiencing significant executive dysfunction.

Relationship Between Broader Aspects of Cognition and 
Medication Adherence

Prospective Memory

Prospective memory (i.e., “remembering to remember”) also appears to play a criti-
cal role in medication adherence. This refers to one’s ability to execute a future inten-
tion (e.g., remembering to take one’s medication at lunchtime) and is dependent on a 
variety of cognitive processes (as opposed to discrete areas of neurocognitive func-
tioning that have been traditionally assessed in neurocognitive studies of medication 
adherence). In order to execute a future intention, individuals must be able to pair 
their intention with a retrieval cue (i.e., a specific time or event) and be able to main-
tain this intention-cue pairing—via automatic and strategic monitoring- while they 
are engaged in other tasks. They must subsequently be able to detect the cue and then 
follow through with the intention (McDaniel and Einstein 2007; Woods et al. 2008). 
The process of “remembering to remember” is dependent on the prefrontal cortex 
(Simons et al. 2006). Woods et al. found prospective memory to be a powerful pre-
dictor of self-reported medication adherence (2008) and objective measures of medi-
cation adherence (2009) in HIV that independently accounted for predictive variance 
over and beyond other cognitive, psychiatric, psychosocial, and environmental pre-
dictors of adherence. As discussed by these researchers, poor medication adherence 
may result from an inability to strategically allocate cognitive resources.

Health Literacy

Low health literacy has also emerged as a critical factor associated with a variety 
of adverse health outcomes, including medication-taking behavior. Broadly defined, 
health literacy includes the ability to understand instructions on prescription drug 
bottles, appointment slips, medical education brochures, doctor’s directions and con-
sent forms, and the ability to negotiate complex health care systems (US Department 
of Health and Human Services Office of Disease Prevention and Health Promotion 
2010). While we have previously discussed how these skills rely heavily on intact 
cognitive functions, even basic literacy skills contribute to the successful manage-
ment of medications (Kalichman et al. 1999; Waldrop-Valverde et al. 2010). Brief 
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interventions that increase HIV/AIDS and medication knowledge and self-efficacy 
have shown to be fruitful in increasing adherence in a sample of HIV+ individu-
als with low health literacy (Kalichman et al. 2005). This is an important finding, 
as the US immigrant population is rapidly growing with the number of individuals 
with limitations in health literacy increasing as well. The current challenge, both  
scientifically and clinically, is to continue to identify methods for delivering effec-
tive health communications to immigrants and other marginalized groups with low 
literacy skills to help recognize, minimize, and respond effectively to potential 
health problems.

Psychiatric/Psychological Functioning and Medication 
Adherence

Up until this point, we have focused on the effects of cognitive dysfunction on 
medication adherence. However, medication adherence is related to a far wider 
variety of factors. Two such factors that have a relationship with both cognition 
and medication adherence are psychiatric disturbance and substance use and abuse.

Psychiatric Functioning

In the HIV population, there is a high prevalence of psychiatric disorders, with approx-
imately 50 % of individuals screening positive for one or more disorders, including 
depression and anxiety (Bing et al. 2001). These rates are considerably higher than 
rates found in the general population (Blazer et al. 1994). Bing et al. (2001) found that 
rates of depression were five times higher than the general population. The adverse 
effect of psychiatric disorders on medication adherence has been documented in a 
wide range of illnesses and has received considerable attention in HIV. Similar to the 
effects of cognition on medication adherence to antiretroviral therapy, individuals who 
are depressed are up to three times more likely to be non-adherent than non-depressed 
HIV+ individuals (Ammassari et al. 2004). There are a variety of possible mecha-
nisms that may account for this. For example, symptoms associated with depression 
(e.g., sadness, lack of motivation, fatigue, and hopelessness) can often be debilitating 
for individuals, which can lead to self-neglect and poor adherence behaviors (e.g., not 
getting their prescriptions filled). Furthermore, depressed individuals may be more 
likely to drive away their social support through isolative behaviors, thereby not being 
able to rely on their support for assistance with medications.

A complicating element, however, is the fact that psychiatric disorders are often 
accompanied by a variety of cognitive difficulties. Determining the source of poor 
medication adherence, therefore, is critical for the selection of successful treatment 
interventions. Two psychiatric conditions that warrant particular attention in this 
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regard are apathy and irritability. These neuropsychiatric conditions have emerged 
as critical co-morbid conditions that are believed to be direct manifestations of 
underlying HIV-associated neuropathology rather than a psychological reaction to 
a life-threatening illness (Castellon et al. 1998; Cole et al. 2007). They have begun 
to receive increased attention as they relate to deficits in executive dysfunction, 
including working memory deficits, learning efficiency, and cognitive flexibility 
(Bungener et al. 1996; Castellon et al. 2000; Cole et al. 2007; Paul et al. 2005). 
Patients presenting with these psychiatric symptoms (compared to other psychiatric 
disturbances such as depression) may be at particular risk for experiencing difficulty 
adhering to medication regimen as a result of neurocognitive dysfunction. Formal 
study assessing the relationship between these symptoms and medication adherence 
has yet to be conducted, however. Preliminary work from our laboratory suggests 
that both apathy and irritability are predictive of longitudinal medication adherence 
even after controlling for the effects of depression and cognition (Panos et al. 2011). 
Given these emerging findings, further study is clearly warranted.

A critical factor that warrants attention for clinicians treating individuals with 
both HIV and psychiatric dysfunction is accuracy of self-report of medication 
adherence. Decisions made by clinicians about treatment efficacy largely rely on 
patient self-report. If patients report they are adhering to their regimen and continue 
to evidence precipitous decline in immunocompetence, this is taken as evidence 
that their current regimen is not effective and alterations in their regimen are made, 
perhaps unnecessarily. As we mentioned previously, there are only a limited num-
ber of antiretroviral medications available for use, limiting the number of possible 
regimen alterations available to the treating clinician. We have found that HIV+ 
individuals with psychiatric disturbance are not as accurate in identifying reasons 
for non-adherence (Thames et al. 2011a). In this study, depressed individuals were 
more likely to report that cognitive difficulties interfered with their abilities to take 
their medications. However, upon formal testing, they did not exhibit any difficulty 
managing their medications. Conversely, individuals who were cognitively impaired 
were more likely to be unaware of any difficulty managing their medications, and 
thus denied having any difficulty in this regard. However, upon formal testing, the 
cognitively compromised subjects evidenced considerable difficulty managing their 
medications. Taken together, this highlights the importance of considering depres-
sion and cognitive ability when assessing self-reported medication behaviors. 
Furthermore, these findings implicate the use of objective instrumental activities 
of daily living measures (versus the use of self-report) in order to accurately detect 
declines in medication behaviors, and subsequently guide treatment interventions.

Substance Use

In the HIV-infected population, rates of substance abuse/dependence are par-
ticularly high, with nearly 50  % reporting the use of illicit substances over 
the previous 12 months, and 12  % screening positive for current dependence  
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(Bing et al. 2001). Lifetime diagnoses of drug and alcohol abuse/dependence 
are yet higher (Dew et al. 1997; Rabkin 1996). The negative impact of sub-
stance use/abuse on medication adherence, especially stimulants, has received 
considerable attention (Fogarty et al. 2002; Hinkin et al. 2007; Howard et al. 
2002; Meade et al. 2011). In a study from our laboratory assessing medication 
adherence prospectively over the course of 6  months, individuals with recent 
drug use were four times more likely to be non-adherent to antiretroviral 
therapy than were those who were drug-free (Hinkin et al. 2007). Subsequent 
analyses in this study found that stimulant use (cocaine and amphetamine) 
was particularly deleterious on medication adherence, with participants who 
tested positive for stimulants at least once over the course of the 6 month study 
being seven times more likely to be classified as “poor adherers.” A number 
of mechanisms have been proposed to explain the manner by which drug use 
may impede medication adherence. These include stable psychological traits 
that characterize individuals using drugs, the interruption of daily routines dur-
ing drug use that serve as cues for taking medications, and the effect of drug-
induced cognitive dysfunction (Gorman et al. 2009).

As mentioned throughout this chapter, determining the specific basis for poor 
adherence in crucial for the development of successful treatment interventions. 
There has been a limited amount of work aimed at directly assessing which of the 
abovementioned factors may account for poor adherence among drug users in the 
HIV populace. Meade et al. (2011) compared adherence rates and neurocognitive 
performance between HIV+ individuals who met diagnostic criteria for current 
cocaine dependence and HIV+ individuals who were not dependent on any drugs. 
They found that individuals who were cocaine-dependent exhibited both lower 
medication adherence rates and poorer neurocognitive functioning. Subsequent 
analyses revealed that neurocognition partially mediated the relationship between 
stimulant use and medication adherence in this sample.

There is evidence to suggest that the relationship between substance use 
and medication adherence may also be mediated by other factors. In the above-
mentioned study from our laboratory, we compared medication adherence rates 
for individuals who had recently used stimulants (within 3 days of testing) with 
their adherence rates when they had not used drugs within the past 3  days (as 
indexed by urine toxicology assays). Despite the fact that all of these subjects 
had used stimulants at some point during the 6 month study, we found that dur-
ing periods of even brief abstinence their adherence rates returned to normal 
(Hinkin et al. 2007). This lends support for the contention that drug use may 
adversely impact adherence by altering routines that serve as cues for taking 
medications. This also suggests that the adverse effects of drug use on adherence 
should be conceptualized as a transient and reversible “state” rather than some 
immutable “trait” that defines drug users (Malta et al. 2008, 2010). For individu-
als who use drugs, therefore, interventions aimed at improving adherence during 
times of drug use may be warranted.
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Psychosocial Factors

We would be remiss not to discuss at least briefly some of psychosocial theo-
ries that have been set forth to describe medication taking behavior. It is within 
this broader psychosocial context that the aforementioned factors interact. In gen-
eral, psychosocial theories focus on larger internal (e.g., beliefs about illness and 
treatment) and external (e.g., social support, access to resources) factors that affect 
health behavior. Several theories have been developed over the course of the last 
several decades to explain health behavior. In the context of medication adher-
ence, for example, the Health Belief Model (HBM) (Rosenstock 1974) posits that 
adherence is optimal when individuals perceive that they are susceptible to illness  
(e.g., the belief that they will get sick should they not take their medications), perceive 
that the consequences of this illness can be severe, believe that the prescribed treat-
ment will reduce risk of illness, and do not perceive there to be significant barriers to 
treatment adherence (e.g., they perceive that the benefits of adherence outweigh the 
costs). Moreover, this theory contends that a variety of other variables (e.g., patient 
demographics, mood factors, etc.) may influence these perceptions. In the HIV litera-
ture, various components of the HBM have been shown to be related to medication 
adherence and influenced by a variety of factors, including patient demographics and 
disease severity (Barclay et al. 2007; Gao et al. 2000). Barclay et al. (2007) assessed 
a variety of psychosocial, psychiatric, and drug use predictors in concert and found 
that components of HBM and self-efficacy were important predictors of antiretroviral 
medication adherence among younger participants. Among older participants, how-
ever, cognition remained the sole predictor of medication adherence.

Researchers have begun to develop theoretical models of social support, which 
has long been recognized to have a positive influence on medication adherence 
in a variety of illnesses (Becker and Maiman 1980; Greene et al. 1982), includ-
ing HIV (Catz et al. 2000; Gonzalez et al. 2004). Studies aimed at delineating the 
manner by which social support influences medication adherence suggest that 
the relationship is indirect. Higher levels of social support are associated with 
reduced negative affect (e.g., depression, anxiety, and stress), increased spiritu-
ality, and increased medication-taking self-efficacy (either directly or indirectly 
through negative affect and/or spirituality). An important finding in these models 
is that medication-taking self-efficacy is directly related to medication adherence 
(Cha et al. 2008; Simoni et al. 2006). A positive relationship between the patient 
and health care provider also appears to have a beneficial impact on medication 
adherence and self-efficacy appears to mediate this relationship as well (Johnson 
et al. 2006). Ethnicity appears to be an important demographic variable that 
influences the relationship between social support and medication adherence. In 
a sample of HIV+ adults, a recent study from our laboratory found that patient 
satisfaction with healthcare provider was the strongest predictor of medica-
tion adherence among African–Americans beyond common factors (e.g., current 
drug use) that have been traditionally linked to medication adherence. Among 
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Caucasians, however, depressive symptoms and treatment related social support 
(e.g., friends assisting them with HIV-related care) were the strongest predictors 
of medication adherence (Thames et al. 2012). These findings lead us to conclude 
that strengthening and promoting social support (including the physician-patient 
bond) should be an absolute priority for increasing and maintaining optimal medi-
cation adherence. It is logical to opine that social support (e.g., receiving illness 
related support) may be an important mediating variable for individuals who pre-
sent with cognitive dysfunction. These individuals may particularly benefit from 
having significant others around them reminding them to take their medications. 
Furthermore, the interaction between cognition and self-efficacy—now emerg-
ing as having a direct relationship to medication adherence—is also unknown. 
Individuals who are cognitively impaired may not be accurate in their reports of 
self-efficacy, and therefore this variable may be a poor predictor of adherence 
behavior for them. Preliminary work from our laboratory suggests that psycho-
social variables (e.g., treatment related support) may buffer against the adverse 
effects of poor cognition on medication adherence (Arentsen et al. 2012).

More recently, a new theoretical framework, temporal self-regulation theory 
(TST; Hall and Fong 2007), has been developed. This model integrates social cog-
nitive and neurocognitive factors. TST posits that individuals perceive a temporal 
dispersion between costs and benefits of health behavior. For example, for some 
unhealthy behaviors (e.g., smoking or drinking behavior), the benefits are more prox-
imal than the costs. Individuals’ ability to regulate behavior (self-regulatory capacity) 
in the context of this temporal dispersion of costs and benefits is a key and unique 
component in this theoretical model. Self-regulatory capacity refers to specific neu-
rocognitive abilities (i.e., executive functions) and is thought to moderate the rela-
tionship between intention and action in health behavior. Hall and Fong (2007) found 
that frontal functioning moderated the relationship between intention and action for 
physical activity and dietary behavior (Hall et al. 2008). To our knowledge, this is 
the first integrative psychosocial model to include a neurocognitive component. 
Although this model has yet to be evaluated in the context of medication adherence 
to antiretroviral therapy, this may be a fruitful area of future research given the del-
eterious effect of HIV on executive functioning and the temporal dispersion of costs 
and benefits associated with adherence.

Conclusion

In summary, remarkable advances in antiretroviral therapy have led to a renewal 
of hope and a reconceptualization of HIV as a chronic disease rather than one 
that is inexorably terminal. Not unlike diseases such as diabetes or prostate can-
cer, increasingly patients will ultimately die with HIV rather than from HIV. But 
challenges remain. Comorbid conditions that initially placed some individuals at 
risk for contracting HIV, such as substance abuse and psychiatric illness, also pose 
considerable problems with regard to adherence. Cognitive disorders caused by the 
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virus compromise treatment adherence, which in turn aggravates those very cogni-
tive difficulties. Concurrent factors such as normal and pathological aging, socioec-
onomic impoverishment, and systemic barriers impeding access to care yet further 
hinder attempts to understand and improve adherence behavior. Considerable pro-
gress has been made, particularly with regard to understanding risk factors asso-
ciated with poor adherence, though interventions to address these risks remain 
understudied and insufficiently deployed. The challenge now is to implement trans-
lational, tailored interventions that incorporate knowledge gained through research 
into the clinical care of the multitude of patients who remain HIV infected.

Highlights

•	 Those living with HIV face the prospect of dealing with complex medication 
regimens and disease-related cognitive dysfunction.

•	 Cognitive dysfunction has been shown to disrupt medication adherence in 
HIV+ individuals.

•	 Executive function appears to be most centrally implicated in non-adherence.
•	 The consequences of non-adherence among HIV+ individuals is of significant 

concern to affected individuals and public health as a whole.
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