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Abstract New antiretroviral (ARV) regimens require strict adherence if optimal suppression of
HIV is to be maintained. This study is a theory-based examination of racial differences in
patient-perceived barriers and reported ARV adherence. Participants (N 5 149) completed the
Patient Medication Adherence Questionnaire (PMAQ), measuring adherence and perceived barriers
to adherence. Adherence was de ned as a self-report of 100% adherence in the past four weeks. Odds
ratios were calculated to determine the relation of reported barriers to adherence for race and gender
groups, and for the sample overall. For every ten-point increase in barrier score, there was an 86%
increased risk of being non-adherent (OR 5 1.86; 95% CI: 1.19, 2.91). Adherence was not different
between racial and gender groups, nor was total barrier score. However, individual barriers were
differentially endorsed across groups. Rather than relying on demographic predictors, which may be
only an indirect marker of adherence, evaluations of adherence should examine the psychological and
social barriers to positive adherence outcomes in individual patients. Our  ndings support the use of
theory-based behavioural interventions that address perceived barriers to adherence and other health
promotion activities.
Introduction
It is well established that HIV-positive persons with high levels of HIV RNA in plasma (‘viral
load’) progress much faster to illness and death (Mellors et al., 1996). Recent advances in
drug development such as the advent of protease inhibitors and the ability to closely monitor
viral load have provided a new arsenal of weapons against HIV. Potent new antiretroviral
(ARV) drugs and the assessment of viral load allow health care providers to maintain tighter
control of viral replication, resulting in longer, healthier lives for HIV-positive individuals
(Havlir et al., 1996; Ho et al., 1995; Wei et al., 1995). Continuous viral suppression is, as a
result, now the primary goal in the medical management of HIV (Havlir et al., 1996;
Katzenstein et al., 1997). Because viral replication dramatically increases within days after
withdrawing or missing ARV doses (Haubrich et al., 1995; Piatak et al., 1993), strict
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adherence to a prescribed ARV regimen is critical (Katzenstein, 1997; Ungvarski, 1997;
Williams, 1997) and presents one of the most crucial behavioural challenges in the treatment
of HIV (Kelly et al., 1998).
In addition to its role in maintaining suppression of viral load, adherence may be related
to the development of viral resistance, another critical aspect of HIV viral dynamics (Deeks
et al., 1997; Havlir et al., 1996; Katzenstein et al., 1997). The increased viral replication after
missed ARV doses increases the probability of resistance-conferring mutations that could
render these drugs useless (Vanhove et al., 1996). Because the development of drug resistance eliminates that drug from the relatively small number of available treatment regimens,
clinicians have been advised to vigorously promote strict adherence to recommended dosing
parameters (Deeks et al., 1997).
Achieving adequate adherence to ARV regimens is a remarkably dif cult task. The
regimens are often complicated, including several different medications with varying dosing
schedules, dietary restrictions and adverse effects. Because investigations of other populations
suggest that adherence can be dif cult to achieve even on single-drug regimens (Luscher et
al., 1985; Turk et al., 1991), adherence to multi-drug regimens is likely to be even more
problematic. Early approaches to classifying HIV patients as adherent to ARV regimens if
80% of prescribed doses were taken correctly (Besch et al., 1997; Cortese et al., 1993; Samet
et al., 1992; Singh et al., 1996; Vogel et al., 1993) do not re ect the higher clinical and
behavioural threshold that is necessary in HIV disease management to avoid viral failure and
development of resistance. Recent evidence suggests that over 90% adherence may still be
only marginally suf cient for long-term suppression of viral replication (Bangsberg et al.,
1998; Paterson et al., 1999). Because of these high behavioural thresholds and serious
consequences of non-adherence, some authors have called for early identi cation of potentially non-adherent patients (Paterson et al., 1999; Stewart et al., 1998).
Early investigations that evaluated adherence to ARV regimens were primarily descriptive in their approach and attempted to identify factors that were predictive of adherence.
Although some investigations have described associations between adherence and demographic factors such as race and age (Muma et al., 1995; Singh et al., 1996), others have
concluded that such associations are not robust (Holzemer et al., 1999; Williams, 1995).
Other investigators have focused on psychosocial variables, including access to treatment,
perceptions of the ef cacy of ARV treatment, depressive symptomatology and HIV-related
social support, as more important predictors (Broers et al., 1994; Catt et al., 1995; Geletko
et al., 1995; Kissinger et al., 1995; Morse et al., 1991; Nannis et al., 1993).
The fact that associations between demographic factors and adherence are observed
inconsistently indicates that demographics may be only moderately correlated with other
more directly in uential psychosocial variables. However, understanding the relationships
among demographics, especially race and gender, and such psychosocial variables is critical
in HIV-related behaviour research. Because women and people of colour are increasingly
disproportionately represented in the HIV epidemic (Bowler et al., 1992; DiClemente, 1992),
such an understanding will aid in the development of adherence enhancing interventions that
are targeted to psychosocial variables of particular importance to these groups.
In addition, a clearer understanding of the relationships among demographics and
psychosocial variables may help reduce stereotyping about persons at risk of poor ARV
adherence. This stereotyping phenomenon is suggested by the  nding that clinicians often err
in their judgement of their patients’ adherence levels (Morin et al., 1996; van Ryn & Burke,
2000).
The psychosocial variables most often found to be associated with ARV adherence are
consistent with a major theory of health behaviour: the Health Belief Model (HBM; Becker,
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1974; Kirscht, 1974). The HBM states that individuals will engage in health-promoting
behaviours if they (1) perceive themselves to be susceptible to the disease or condition, (2)
believe the condition has serious consequences, (3) believe that the behaviours will result in
avoiding the condition (or reducing its severity), and (4) believe that the barriers to (or costs
of) the health-promoting behaviours are outweighed by the bene ts. Variables such as access
to ARV treatment, perceptions of the ef cacy of treatment, and perceived personal or social
barriers to treatment are all consistent with HBM’s approach.
An examination of variables based in the HBM and their association with demographic
variables may con rm that demographics are, indeed, a poor marker for overall
non-adherence. However, the same investigation may also help clinicians identify psychosocial barriers to adherence that will be important to consider in the assessment of individual
patients’ adherence and help inform the development of interventions that are culturally
appropriate, especially for people of colour and women.
Presented is a cross-sectional study of HIV-positive patients currently receiving ARV
therapy. These patients at a large university-based HIV outpatient clinic are part of an
ongoing prospective clinical cohort study of the effects of potent antiretroviral therapy on
clinical, virologic, functional and  nancial outcomes (Williams, 1997). The study was
designed to test three primary hypotheses: (1) racial groups do not differ signi cantly in their
overall level of self-reported adherence to ARV regimens or total number of perceived
psychosocial barriers to adherence, (2) racial and gender groups would demonstrate differences in the types of perceived psychosocial barriers to ARV adherence that were endorsed,
and (3) that perceived barriers would be signi cantly associated with reported adherence.
Methods
Participants for the prospective study were recruited from HIV- positive individuals receiving
care at the university-based HIV outpatient clinic. Entry criteria included initiating or
changing to a new ARV regimen, HIV RNA viral load greater than 5000 copies/ml and a
reading level of at least sixth grade. A total of 158 participants were enrolled in the overall
prospective study. At the time of analysis, a total of 149 participants met the inclusion criteria
of actively receiving ARV and completing an adherence questionnaire at the time point of
interest (three months post-baseline). The nine participants excluded from the current
analysis were not signi cantly different in regard to race or age from the 149 participants
included. All participants completed an informed consent form approved by the Institutional
Review Board of the University of Alabama at Birmingham.
Procedure and measures
Participants enrolled in the study provided demographic data at enrollment. They returned
at three-month intervals after enrollment to complete an adherence interview with a clinical
pharmacist, provide blood samples for measurement of viral load, and complete questionnaires measuring health status, patient satisfaction, self-reported ARV adherence and perceived barriers to adherence. Questionnaires were administered using a touch-screen
computer program located in a private room, allowing the participant to complete the
questionnaires with a high degree of privacy. Participants were given the option to complete
the questionnaires using an identical paper version of the instruments. At the time point of
interest, approximately 5% of the participants provided data via paper questionnaires rather
than using the computer. Scores on the measures of interest in this investigation did not differ
between the two modalities.
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The speci c aim of this investigation was to evaluate the prediction of self-reported
barriers and difference in odds of self-reported adherence according to the Patient
Medication Adherence Questionnaire (PMAQ; Jhingran, 1997). The PMAQ is composed
of two parts. The  rst part assesses self-reported ARV adherence by asking participants
to indicate on a  ve-point Likert scale how often they have missed doses of each class of
ARV medications (e.g. nucleoside and non-nucleoside reverse transcriptase inhibitors,
protease inhibitors) over the past four weeks. A ‘missed dose’ is characterized as omitting an
entire scheduled dose. Higher scores indicate poorer adherence. The second part is a
questionnaire listing 25 potential barriers to ARV adherence, encompassing  ve psychosocial
domains: knowledge and attitudes about medicines, social support, qualities of the
medicines themselves, scheduling issues and memory issues. Each item is scored on a
 ve-point Likert scale. A total barrier score is computed by adding all items (after reversing
the scoring of several items for consistency). Higher scores indicate more perceived barriers.
A barrier intensity score is computed by dividing the total score by 25. Higher scores
indicate a greater tendency to strongly endorse barriers. The 25 potential barriers were
created to cover each of the  ve domains; however, each barrier is not exclusive to one barrier
domain.

Statistical analyses
Adherence was de ned as a score of zero on the adherence questions, indicating a
self-report of perfect adherence. This high threshold was selected to re ect the higher
requisite threshold of adherence for ARV medications and because prior analyses with this
population suggest that self-reported adherence scores above zero are associated with less
viral suppression.
Distributions of the population’s characteristics were estimated overall and by race
and gender. Chi-square tests were performed to assess the statistical signi cance of differences by race and gender in perceived barriers. T-tests were performed to evaluate the
presence of an overall difference by race and gender in mean total barrier scores and barrier
intensity scores both, which were normally distributed. Logistic regression was used to
examine the association of reported adherence and patient perceived barriers, both individually and by domains. The dependent variable was adherence, and the independent variable
was barrier domain score or total barrier score. We estimated odds ratios (ORs) as the
measure of association of barrier domains and perceived barriers with non-adherence.
Logistic regression was used to obtain ORs and 95% con dence intervals (CIs). The
potential for confounding of the associations of non-adherence by race and sex was assessed
by adding race and sex into the models and comparing adjusted estimates with crude
estimates. All statistical analyses were conducted using the SAS statistical analysis package
(SAS System, Cary, NC: SAS Institute Incorporated). For all tests of statistical signi cance,
the alpha level was 0.05.

Results
Study population
Demographic characteristics of the sample population are presented in Table 1. Participants
had a mean age of 39 6 8.6 years and were primarily Caucasian males. Participants reported
a variety of HIV risk factors, including sexual and drug-using behaviours.
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Table 1. Demographics and characteristics of population

All
n 5 149
%

Caucasian
n 5 98
%

African
American
n 5 51
%

Male
n 5 130
%

Female
n 5 19
%

Gender
Male
Female

87.2
12.8

92.9
7.1

76.5
23.5

—
—

—
—

Adherence

34.8

31.3

43.8

34.3

Sexual orientation
Heterosexual
Bisexual
Homosexual

24.1
39.7
36.2

Injection drug users

8.3

p5

0.004

p5

0.213

13.0
47.8
39.1

44.9
24.5
30.6
p5

0.003

p5

0.047

11.6

38.5
p5

12.3
45.9
41.8

2.0

0.772
100
—
—

p,

0.001

p5

0.612

8.7

5.26

Total barrier score
Mean 6 SD

48.7 6

11.0

48.3 6

10.8
49.5 6 11.5
p 5 0.700

47.9 6

10.8
53.9 6 11.6
p 5 0.600

Score per question
Mean 6 SD

1.95 6

0.44

1.93 6

0.43
1.98 6 0.46
p 5 0.609

1.92 6

0.43
2.16 6 0.46
p 5 0.056

Adherence and barrier score differences by race and gender
The mean total adherence scores, total barrier scores and barrier intensity score are reported
in Table 1, strati ed by race and gender. No signi cant differences were found on any of the
three variables between men and women or between Caucasians and African Americans (all
p values . 0.05). Power calculations reveled that there was not adequate power to detect
differences by gender. Power to detect difference by race was greater than 80%. Therefore,
these  ndings suggest that overall adherence and overall barriers were not different among
Caucasians and African Americans.

Speci c barrier item differences
The following were the  ve most frequently reported perceived barriers, in order of most
frequently reported: (a) individuals were taking more medicines than they wanted; (b) taking
medicines was a reminder of HIV status; (c) participants were uncomfortable for other people
to know that medicines were for HIV/AIDS; (d) participants did not want to be seen taking
medications; and (e) medicines were hard to swallow.
The individual barriers were categorized according to the barrier domains: Knowledge
and Attitudes about Medications (KAMED), Social Support, Qualities of Medicine, Schedule, and Memory. There was a difference in mean score by race for six barriers, and a
difference in mean score by gender for two barriers (Table 2). These differences were not
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Table 2. The mean with standard deviation (SD) for perceived barriers with non-adherence

Barriers*

All
Mean 6 SD

Caucasian
Mean 6 SD

African
American
Mean 6 SD

Knowledge and attitudes about medicines
Take more medicines than desired
Taking medicines is a reminder of HIV status
Too busy to take medications
Not understanding how to take medicines

4.08 6
3.82 6
1.98 6
1.10 6

1.30
1.40
1.11
0.30

4.28 6
3.88 6
2.06 6
1.08 6

1.13
1.36
1.15
0.28

3.65 6
3.68 6
1.78 6
1.14 6

1.55†
1.51
1.00
0.48‡

3.08 6
3.20 6

1.46
1.62

3.07 6 1.41
3.05 6 1.57

3.11 6
3.56 6

1.58
1.70

2.28 6
1.19 6
1.21 6

1.48
0.51
0.48

2.07 6 1.38
1.20 6 0.51
1.20 6 0.51

2.77 6
1.14 6
1.22 6

1.61†
0.48
0.42

2.56 6
1.40 6

1.34
0.88

2.58 6 1.33
1.35 6 0.79

2.51 6
1.51 6

1.37
1.04

1.09 6
1.61 6
1.20 6

0.43
0.84
0.53

1.04 6 0.19
1.64 6 0.84
1.17 6 0.49

1.22 6
1.54 6
1.27 6

0.71†
0.87
0.61

Schedule
Medicines are inconvenient to take
Not easy to take medicines when scheduled
Always carry medicines when away from home
Medicines are taken on time
Sometimes too tired to take medicines
No place to store medicines

2.26 6
2.04 6
1.69 6
1.66 6
1.45 6
1.36 6

1.25
1.19
1.02
0.63
0.73
0.66

2.44 6
2.11 6
1.53 6
1.64 6
1.43 6
1.27 6

1.26
1.22
0.84
0.57
0.72
0.52

1.87 6
1.89 6
2.03 6
1.70 6
1.51 6
1.57 6

1.13†
1.13
1.28†
0.74
0.77
0.87†

Memory
Forget to bring medicines
The more medicines to take, the more likely to forget
Sometimes forget to take medicines
Sometimes forget to re ll medicines
Sometimes re lls are not gotten because of cost

2.10 6
1.66 6
1.61 6
1.31 6
1.73 6

1.32
0.95
0.68
0.75
1.19

2.02 6
1.66 6
1.66 6
1.26 6
1.66 6

1.27
0.95
0.69
0.70
1.10

2.27 6
1.68 6
1.49 6
1.41 6
1.89 6

1.47
0.97
0.65
0.87‡
1.39

Social support
Not wanting people to see them taking medications
Uncomfortable for people to know medicines are for
HIV/AIDS
Embarrassed to have medicines  lled at a drug store
No support from family and friends
It’s easy to talk to doctor about medicines
Qualities of medicine
Medicines are hard to swallow
When medicines cause side effects, they are sometimes
not taken
Ceasing medications when feeling better
Deny medicines are helping
Sometimes do not take medicines because of bad taste

* Possible scores per question ranged from one for de nitely true to  ve for de nitely false; † there was a statistically
signi cant (p # 0.050) difference between means by race; ‡ there was a statistically signi cant (p # 0.050) difference
between means by gender, data not shown. Mean higher in women.

limited to a single barrier domain. Caucasian participants were more likely than African
Americans to report that ARV medications were not convenient to take (Schedule) and that
they were taking more ARV medication than they desired (KAMED). African American
participants were more likely than Caucasians to report that they had no place to store ARV
medications (Schedule). African Americans also reported that they did not take ARV
medications when they felt well (Qualities of Medicine) and that they were embarrassed to
get their ARV medications re lled (Social Support) more frequently than Caucasians.
Women were more likely than men to report not understanding how to take their medications
(KAMED) and forgetting to re ll medications (Memory) (all p , 0.05).
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Table 3. Odds ratio (OR) of patient medication adherence questionnaire (PMAQ) barrier domains, by one mean incremental
increase, with non-adherence
All

KAMED
Social support
Qualities of medicine
Schedule
Memory

Caucasian

African American

OR

95% CI

OR

95% CI

OR

95% CI

2.18†
1.55
2.66†
2.42†
3.41†

(1.08, 4.42)
(0.93, 2.59)
(1.04, 6.83)
(1.10, 5.34)
(1.53, 7.59)

1.74
1.58
5.64†
2.56
3.82†

(0.75, 4.07)
(0.83, 2.98)
(1.37, 23.27)
(0.93, 7.06)
(1.35, 10.80)

3.36
1.82
1.19
2.48
3.30

(0.87, 13.02)
(0.73, 4.59)
(0.28, 4.97)
(0.66, 9.36)
(0.82, 13.31)

† Statistically signi cant (p # 0.050).

Association of barrier score and adherence
Each barrier domain was positively associated with non-adherence (Table 3). Of the  ve
domains, Memory had the strongest association with non-adherence. Individuals were 3.4
times as likely to be non-adherent with every point increase of their Memory barrier domain
score (OR 5 3.41; 95% CI: 1.53, 7.59). The mean score for the barrier domains ranged from
1–4.25; therefore, a one-point increase represents approximately 30% of the total range. The
second most predictive barrier domain was Qualities of Medicine (OR 5 2.66; 95% CI: 1.04,
6.83). The barrier domain that was the least predictive of non-adherence was Social
(OR 5 1.55; 95% CI: 0.93, 2.59).
Overall, KAMED, Qualities of Medicine, Schedule and Memory reached statistical
signi cance. The associations of the barrier domains with non-adherence differed by race.
For the Medicine barrier domain, the association with non-adherence was much stronger in
Caucasians (OR 5 5.64; 95% CI: 1.37, 23.27) than African Americans (OR 5 1.19; 95% CI:
0.28, 4.97). Because of the small number of women and lack of variance of answers among
women, a number of ORs were unde ned; therefore, associations are not reported. Among
African Americans, the most predictive barrier domain was KAMED (OR 5 3.36; 95% CI:
0.87, 13.02), which indicated a trend toward signi cance, although none of the barrier
domain associations reached statistical signi cance among African Americans. Both Qualities
of Medicine and Memory were of statistical signi cance among Caucasians.
When combining the barriers from the domains and looking at the barriers overall, the
total barrier score was positively associated with non-adherence. As shown in Table 4, a
ten-point increase in barrier score overall resulted in an 86% increased risk of being
non-adherent (OR 5 1.86; 95% CI: 1.19, 2.91). The total barrier score masked differences
in race that became evident when barrier domains were examined. The association of total
barrier score with non-adherence was similar for African Americans and Caucasians but was
stronger among females than males. Adjustment by race and sex had small effects.
Analyses were also conducted using a less stringent adherence criterion, 90–85% instead
of 100%, allowing more of the participants to be considered adherent. These data are not
shown. These results revealed an overall twofold increase in the odds of total barrier score
and non-adherence.
Discussion
The goal of this study was to evaluate the associations of self-reported barriers with
self-reported adherence. Overall, the study hypotheses were con rmed. Race was not associ-
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Table 4. The association of a total barrier score (incremental increases of ten)
and non-adherence
Non-adherence
n

OR

95% CI

112

1.86†
1.92†
1.90†
1.94†

(1.19, 2.91)
(1.22, 3.03)
(1.20, 2.99)
(1.22, 3.08)

Race
Caucasians
African Americans

72
40

2.02†
1.77

(1.14, 3.66)
(0.86, 3.64)

Gender
Males
Females

99
15

1.71†
4.98

(1.07, 2.73)
(0.81, 30.53)

All
Race adjusted
Sex adjusted
Race and sex adjusted

† Statistically signi cant (p # 0.050).

ated with either adherence or total perceived barriers to adherence. However, race and
gender groups did differ in reporting perceived barriers.
In particular, Caucasian participants were more likely to report that they were taking
more medications than desired and that medication was inconvenient. African American
participants were more likely to report problems with storing medications, not taking
medications when they felt well, and being more embarrassed about re lling and taking
medications. Women were more likely to report forgetting to re ll medications and not
understanding how to take medications properly. Finally, we con rmed that level of adherence was associated with perceived barriers. Overall, the study population demonstrated an
86% increased risk of non-adherence with a ten-point increase in barrier score. Each of the
psychosocial domains of the PMAQ questionnaire predicted non-adherence. Memory and
Qualities of Medicine were the domains most strongly associated with non-adherence,
particularly for Caucasian participants.
The results of this study are consistent with  ndings that demographic characteristics are
generally poor predictors of antiretroviral adherence; however, it does emphasize that demographic groups may face somewhat different challenges and barriers to adherence. Thus, the
results of the study may be used to inform the development of interventions to improve
adherence. For example, interventions that focus on women with HIV may bene t from
special attention to the multiple life demands that may interfere with remembering to re ll
medications or recall speci c instructions from the physician, and then may provide techniques or skills for improving memory for re lls and medication instructions.
The current study bene ts from the use of a reliable valid assessment that is grounded
in the Health Belief Model, the PMAQ. The PMAQ questions along with its correlation
between self-reported, ART adherence and virologic outcome have been validated in previous studies (Demasi et al., 1999). The PMAQ covers perceived barriers pertaining to a
patient’s social support network, knowledge, attitudes and perceived qualities of the antiretroviral medicines, a patient’s schedule, and memory. We are aware that the PMAQ does
not exhaust all possible patient perceived barriers to adherence. However, the speci c aim of
this study was to evaluate the predictability of the PMAQ captured barriers, not to maximize
the predictability of non-adherence.
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The associations of the barriers with non-adherence seen in this study can be considered
conservative. The adherence criterion was 100%. Non-adherence was based on missing an
entire dose of antiretroviral medication ‘during the past four weeks’. Because self-reported
adherence tends to err towards overestimation of adherence, we would expect that replication
of this study with measures of adherence that are more direct, such as pill counts or
medication event monitoring, would con rm that the association of barriers and adherence
is stronger than the current study results suggest. Because self-reported adherence is the most
commonly used measure of adherence in clinical practice, it is a highly generalizable measure.
It is also important to replicate this study in other geographic areas and with other
demographic sub-groups, as this investigation was limited to African American and Caucasian participants in the southern USA. This analysis was also limited by a relatively small
proportion of female participants. Future investigations should evaluate barriers among
women more comprehensively. We would anticipate that some of the observed differences
are unique to the demographic composition of this study population. However, we would
also anticipate that the assessment of speci c perceived barriers would continue to be a useful
way to understand the reasons underlying non-adherence, regardless of the  ndings in a
particular geographic region or among a particular sub-group.
Adherence will continue to be a signi cant behavioural challenge in HIV medical care.
A comprehensive assessment of the multiple factors that affect adherence which includes
psychological, social and cognitive barriers such as those assessed by the PMAQ will continue
to be important if appropriate interventions are to be developed and if adherence in speci c
sub-groups affected by the epidemic is to be maximized. The results of this study encourage
a theory-based approach to both assessment and intervention with adherence issues.
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