
HIV/AIDS • CID 2002:34 (15 April) • 1115

H I V / A I D SM A J O R A R T I C L E

The Consistency of Adherence
to Antiretroviral Therapy Predicts Biologic
Outcomes for Human Immunodeficiency
Virus–Infected Persons in Clinical Trials

Sharon Mannheimer,1,2 Gerald Friedland,3 John Matts,4 Carroll Child,5 and Margaret Chesney,5 for the Terry Beirn
Community Programs for Clinical Research on AIDS
1Harlem Hospital and 2Columbia University, New York, New York; 3Yale University, New Haven, Connecticut; 4University of Minnesota,
Minneapolis; and 5University of California at San Francisco

We prospectively studied long-term antiretroviral adherence patterns and their impact on biologic outcomes

for human immunodeficiency virus (HIV)–infected participants in 2 randomized, multicenter clinical trials.

For the period from baseline to month 12 of the study, participants who reported adherence levels of 100%,

80%–99%, and 0%–79% had plasma HIV RNA levels that decreased by 2.77, 2.33, and 0.67 log10 copies/mL,

respectively ( ), whereas their CD4 counts increased by 179, 159, and 53 cells/mm3, respectively (P ! .001 P !

). Adherence predicted nondetectable HIV RNA levels (!50 copies/mL) at 12 months of follow-up (.001 P !

). The HIV RNA level was nondetectable in 72% of participants who reported 100% adherence at all 4.001

follow-up visits, compared with 66%, 41%, 35%, and 13% of participants who reported 100% adherence at

3, 2, 1, or 0 follow-up visits, respectively ( ). Nonwhite race was associated with poorer adherenceP ! .001

( ), and older age was associated with better adherence ( ).P ! .001 P ! .001

Adherence to medication has become a major issue in

the treatment of HIV-infected individuals and an im-

portant determinant of the outcome of highly active

antiretroviral therapy (HAART). Adherence to anti-

retroviral medication is believed to be a crucial com-

ponent in maintaining therapeutic drug levels, ensuring

virologic suppression, and reducing the risk of drug

resistance [1]. Several studies have demonstrated a sig-
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nificant correlation between adherence to medication

and virologic suppression [2–8]. A study that used Med-

ication Event Monitoring System (MEMS) caps (Aprex)

to electronically measure medication adherence among

initially antiretroviral-naive and antiretroviral-experi-

enced patients found that (1) very high levels of adher-

ence (195% adherence) to protease inhibitors (PIs) were

needed to achieve virologic suppression, and (2) small

differences in levels of adherence (e.g., 195% adherence

vs. 90%–95% adherence) were associated with substantial

differences in virologic outcome ((78% virologic sup-

pression at 195% adherence vs. 45% at 90%–95% ad-

herence) [8]. Other investigators have confirmed these

findings, using data obtained from pharmacy records of

prescription refills [7] and self-reports [4] to assess ad-

herence. Clinical trials of antiretroviral therapies that

have incorporated measurements of adherence have

found that variations in adherence explain therapeutic

effects [3, 9]. Recent studies have also shown the sig-
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nificant impact of adherence on clinical end points, including

AIDS progression, death, and hospitalization [10–12].

Although there is no “gold standard” for the measurement

of medication adherence [13], different methods have been

used with varying success. In general, direct methods, such as

direct observation and therapeutic drug monitoring, are more

objective and yield more-reliable assessments of adherence than

are indirect methods, such as self-reporting, electronic moni-

toring, and pill counting [14]. Patient self-reporting is the most

common method of assessing adherence, although inaccuracy

may result from imprecise or inconsistent questioning, patient

forgetfulness, or the patient’s desire to provide socially desirable

answers [15, 16]. Nevertheless, questioning that is carefully

structured, nonjudgmental, and culturally appropriate may

yield accurate information about adherence and has been

shown to be the best indicator of nonadherence [17–19]. Al-

though self-reports may overestimate the extent of patient ad-

herence to medication [20, 21], a number of studies have dem-

onstrated an association between self-reported adherence and

HIV RNA, which suggests that self-reports may be a valid in-

dicator of adherence [2–4, 22].

Current guidelines for the treatment of HIV-infected indi-

viduals recommend lifelong use of antiretroviral therapy. How-

ever, the majority of studies of adherence to antiretroviral ther-

apy are cross-sectional or short-term in nature, and there is a

lack of information on long-term adherence patterns and pre-

dictors of adherence over time in diverse populations that are

infected with HIV.

We assessed medication adherence self-reports from partic-

ipants in 2 clinical trials of antiretroviral therapy strategies, to

determine the usefulness of a simple tool for self-reporting

medication adherence, the impact of adherence on therapeutic

outcome, and the predictors of adherence. Participants were

followed prospectively, by use of repeated measures during the

course of 1 year, to address the issue of durability of adherence

as well as to examine the variability of predictors of adherence

over time.

PATIENTS AND METHODS

Patients. Medication adherence was measured among HIV-

infected persons who were participants in 2 clinical trials of

antiretroviral therapy conducted by the Terry Beirn Community

Programs for Clinical Research on AIDS (CPCRA). The CPCRA

is a National Institutes of Health–sponsored national clinical

trials group that conducts community-based HIV/AIDS re-

search and seeks to enroll persons of color, women, and in-

jection drug users in clinical trials. Data for this analysis were

obtained from participants at 18 CPCRA sites throughout the

United States. The 2 trials, CPCRA 057 and CPCRA 058, have

evaluated antiretroviral therapy strategies among antiretroviral-

experienced and -naive patients, respectively. CPCRA 057 was

designed to compare salvage therapy strategies for persons for

whom initial antiretroviral therapy regimens that contained a

protease inhibitor (PI) had failed. CPCRA 058 was designed to

compare 3 different antiretroviral therapy regimens for anti-

retroviral-naive patients: regimens that contain a PI, regimens

that contain a nonnucleoside reverse-transcriptase inhibitor

(NNRTI), and regimens that include both a PI and an NNRTI

[23]. CPCRA 057 began in October 1998 and ended in June

2000, whereas CPCRA 058 began in January 1999 and is ongoing

at the time of publication of this report (March 2002).

Data collection. Data was obtained from participants in

both studies at baseline, at 1 and 4 months after treatment

randomization, and then every 4 months for the duration of

the studies. The data collected included information on par-

ticipant demographics, HIV-transmission risk category, CD4�

cell count, HIV RNA level (by use of reverse-transcription–PCR

and ultrasensitive Roche Amplicor HIV assays), and history of

AIDS-defining illnesses. Measurements of adherence were done

after 1 and 4 months of follow-up and every 4 months thereafter

for the duration of the studies.

Adherence was measured using the CPCRA Antiretroviral

Medication Self-Report (Form 646 [24]). The questionnaire uses

a global 7-day recall. For each medication prescribed, patients

were asked to record whether they took “all,” “most,” “about

half,” “very few,” or “none” of their pills during the preceding

7 days. The questionnaire also includes a checklist of 10 possible

reasons why the antiretroviral doses were missed; these reasons

include side effects, pill burden, forgetfulness, being away from

home, concerns about confidentiality, difficulties with dietary

requirements, and confusion. Study participants completed the

questionnaire and submitted it in a sealed envelope directly to

the CPCRA Statistical and Data Monitoring Center (Minneap-

olis, MN). Staff assistance with completion of the patient portion

of the questionnaire was provided only when needed or requested

by a study participant.

Data analysis. For the current analysis, we combined data

from CPCRA 057 and CPCRA 058 participants who were en-

rolled in the studies between the time that the trials were opened

(in October 1998 and January 1999, respectively) and May

2001. Data for all participants who had �1 month of follow-

up as of May 2001 were included in the analysis, and up to 12

months of follow-up data on adherence were reviewed.

An adherence score was calculated on the basis of the mean

of the combined total amount of each medication taken during

the previous week, according to the scale: “all” (100%), “most”

(80%), “about half” (50%), “few” (20%), or “none” (0%). 2x

tests and Fisher’s exact tests were used to compare categorical

data. Analysis of variance was used to evaluate the relationship

of the CD4� lymphocyte count and the HIV RNA level with

adherence. Multiresponse logistic regression was used to evaluate
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Table 1. Characteristics, at baseline, of 1095 participants in 2
large, randomized, multicenter clinical trials of antiretroviral
agents.

Characteristic Value

Age, mean years 39

Female sex 20

Race/ethnicity

Black 53

Latino 16

White 28

Other 2

History of injection drug use 16

AIDS-defining illness 29

CD4� lymphocyte count, mean cells/mm3 230

HIV RNA level, mean log10 copies/mL 4.95

NOTE. Data are % of participants, unless indicated otherwise.

Figure 1. Distribution of self-reported adherence scores over time for
participants in 2 large, randomized, multicenter clinical trials of anti-
retroviral therapy.

predictors of adherence. In addition, a repeated-measuresanalysis

was performed using the actual adherence score to examine pre-

dictors of adherence. Multivariate logistic regression was per-

formed to assess the effects of adherence on virologic suppression

(HIV RNA level, !50 copies/mL) at 12 months of follow-up,

after adjustment for baseline CD4 count, baseline log HIV RNA

level, and type of therapy (i.e., initial HAART regimen or salvage

therapy). The adherence variable used in the analysis was whether

or not 100% adherence was reported at all 4 follow-up visits

during the 12-month period. Only patients who had been fol-

lowed for �12 months were included. Appropriate informed

consent was obtained, and clinical research was conducted in

accordance with guidelines for human experimentation, as spec-

ified by the US Department of Health and Human Services.

RESULTS

Participant characteristics. Adherence was evaluated among

all CPCRA 057 and CPCRA 058 participants who had com-

pleted 1 month of follow-up and the 1-month adherence self-

report as of May 2001. Self-reported adherence data were avail-

able for 1095 (96%) of the 1141 participants who had

completed 1 month of follow-up. The numbers of participants

who had completed 4, 8, and 12 months of follow-up as of

May 2001 were 946, 718, and 540 participants, respectively; the

smaller numbers of participants seen at later time points reflect

different dates of participant enrollment. Approximately 33%

of the participants requested assistance in completing the ques-

tionnaire about adherence. Table 1 summarizes the character-

istics of the 1095 participants at baseline.

Adherence scores. Among the participants who reported

adherence, 100% adherence was reported by 74% of the 1095

participants at 1 month of follow-up, 68% of 946 participants

at 4 months, 65% of 718 participants at 8 months, and 67%

of 540 participants at 12 months (figure 1). A similar pattern

was seen among the cohort of participants who completed 12

months of follow-up, with 100% adherence being reported by

76% of the cohort at 1 month, 66% at 4 months, 66% at 8

months, and 67% at 12 months. There was a significant dif-

ference ( ) in adherence scores noted between follow-P ! .001

up of at 1 and 4 months. Mean adherence scores were 89% at

1 month of follow-up, 86% at 4 months, 85% at 8 months,

and 85% at 12 months.

Virologic and immunologic outcomes. Self-reported anti-

retroviral adherence predicted therapeutic outcome as mea-

sured by HIV RNA level and CD4� cell count (table 2). At 12

months of follow-up, the decrease in the HIV RNA level (from

baseline) was 2.77 log10 copies/mL among participants who

reported 100% adherence, 2.33 log10 copies/mL among those

who reported 80%–99% adherence, and 0.67 log10 copies/mL

among those who reported 0%–79% adherence ( ). Sim-P ! .001

ilarly, the percentage of subjects with nondetectable HIV RNA

levels (!50 copies/mL) at 12 months was 66%, 47%, and 17%

among the groups with 100%, 80%–99%, and 0%–79% ad-

herence, respectively ( ). The CD4� cell count increasedP ! .001

by 179, 159, and 53 cells/mm3 among the groups with 100%,

80%–99%, and 0%–79% adherence, respectively ( ). InP ! .001

addition, multivariate analysis found adherence to be a strong

independent predictor of virologic suppression (OR, 3.41; 95%

CI, 2.29–5.06; ).P ! .001

Consistently high levels of adherence were also an important

determinant of virologic and immunologic outcome. Among

participants who completed 12 months of follow-up, the fre-

quency of follow-up visits during which participants reported

100% adherence was significantly associated with virologic out-
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Table 2. Virologic and immunologic outcomes, according to
adherence level self-reported by participants in 2 large, random-
ized, multicenter clinical trials of antiretroviral agents.

Outcome assessed,
month of follow-upa

Outcome value,
by self-reported

patient adherence level

100% 80%–99% 0%–79%

Change in HIV RNA level,b

log10 copies/mL
1 (n p 1074) �2.23c �2.04 �0.94
4 (n p 922) �2.73c �2.52 �0.80
8 (n p 699) �2.74c �2.23 �1.02
12 (n p 525) �2.77c �2.33 �0.67

HIV RNA level !50 copies/mL,
% of participants

1 (n p 1074) 10.7 11.9 10.9
4 (n p 922) 50.7c 39.0 10.9
8 (n p 699) 61.6c 45.7 18.4
12 (n p 525) 65.6c 47.1 16.7

Change in CD4� lymphocyte
count,b cells/mm3

1 (n p 1074) 74.0 73.0 46.8
4 (n p 940) 104.9c 120.7 22.8
8 (n p 709) 146.6c 131.1 50.0
12 (n p 531) 178.9c 159.4 53.0

a The n values denote the number of study participants who provided self-
reported adherence data at follow-up visits made during the months indicated.

b From baseline level.
c for 3-way comparison outcomes, by adherence level.P ! .001

Figure 2. Association between consistency of 100% antiretroviral ad-
herence and virologic outcome among 540 participants who completed
12 months of follow-up in 2 large, randomized, multicenter clinical trials
of antiretroviral agents.

come. For participants who reported 100% adherence, the de-

crease in the HIV RNA level between baseline and 12 months

of follow-up was 3.02, 2.59, 2.10, 1.62, and 0.91 log10 copies/

mL at 4, 3, 2, 1, or 0 of the 4 possible follow-up visits, re-

spectively ( ). Among participants who reported 100%P ! .001

adherence at all 4 follow-up visits, 72% achieved nondetectable

HIV RNA levels. In contrast, 66%, 41%, 35%, and 13% of

participants who reported 100% adherence at 3, 2, 1, or 0

follow-up visits, respectively, achieved nondetectable HIV RNA

levels ( , figure 2). A similar relationship was noted forP ! .001

immunologic outcome, with CD4� count increases of 178, 188,

145, 106, and 92 cells/mm3noted for participants who reported

100% adherence at 4, 3, 2, 1, or 0 of 4 possible follow-up visits,

respectively ( ).P ! .001

Correlates of adherence. The longitudinal nature of the

current study revealed some variability in the relationship be-

tween patient-related factors and adherence. Nonwhite race was

the only factor consistently associated with adherence, with

nonwhite participants having lower levels of adherence, com-

pared with white participants, at all 4 follow-up points (P !

). In addition, age, history of injection drug use, and baseline.03

HIV RNA level were significantly associated with adherence at

�1 time point. Higher baseline HIV RNA levels predicted better

adherence at 1 month ( ), increased age predicted betterP ! .02

adherence at 4 and 12 months ( ), and history of injectionP ! .01

drug use predicted poorer adherence at 8 and 12 months

( ). According to repeated-measures analysis, nonwhiteP p .01

race was associated with poorer adherence ( ), and olderP ! .001

age was associated with better adherence ( ). Sex, base-P ! .001

line CD4� cell count, and previous diagnoses of AIDS were not

predictive of adherence.

In terms of factors related to participants’ antiretroviral med-

ication regimens, drug class was significantly related to level of

adherence at 2 of the 4 follow-up visits (table 3). At months

4 and 8 of follow-up, patients who received regimens that con-

tained an NNRTI were significantly more likely to report 100%

adherence than were those who received regimens that con-

tained a PI. A similar trend was also noted after 1 month of

follow-up. Adherence was not associated with the total daily

pill burden. Whether participants had previously received anti-

retroviral therapy was also associated with adherence. Adher-

ence levels were higher for antiretroviral-naive participants who

were receiving their first antiretroviral regimen, compared with

antiretroviral-experienced participants who were receiving sal-

vage therapy after their first PI regimen had failed (figure 3).

The most frequently stated reason for missing doses at all

follow-up time points was “I forget to take the pills.” Other

common reasons included being away from home, experiencing

side effects, and having problems taking pills at specified times.

The frequency of the reasons reported was stable during the

12-month period. At 4 and 12 months of follow-up, nonwhite

individuals were more likely than white individuals to report

confidentiality concerns ( and ) and side effectsP ! .04 P ! .02

( ) as reasons why they missed doses. At the same timeP ! .04

points, white participants reported forgetfulness more often

than did nonwhite participants ( and ).P ! .02 P ! .01
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Table 3. Proportion of participants who reported 100% adher-
ence, by antiretroviral drug class.

Month of
follow-up

Total no. of participants
receiving designated therapy

(% reporting 100% adherence)
P

valueaPI NNRTI NRTI

1 722 (74.1) 725 (77.9) 942 (78.1) .088

4 612 (67.3) 623 (73.8) 808 (70.4) .012

8 446 (65.5) 482 (71.6) 601 (68.2) .045

12 331 (68.0) 352 (72.7) 422 (70.1) .174

NOTE. NNRTI, nonnucleoside reverse-transcriptase inhibitor; NRTI, nu-
cleoside reverse-transcriptase inhibitor; PI, protease inhibitor.

a PI vs. NNRTI.

Figure 3. Changes in self-reports of 100% adherence over time among
participants in clinical trials of antiretroviral agents who were receiving
their first antiretroviral therapy (ART) regimen, compared with those who
were receiving salvage therapy.

DISCUSSION

The CPCRA 7-day recall adherence questionnaire produced

adherence data that clearly and significantly predicted biologic

outcomes—that is, virus load and CD4� cell levels. Adherence,

as measured by this instrument, was associated with non-

detectable HIV RNA levels, a change in HIV RNA levels, and

a change in CD4� cell counts during a 12-month period. Al-

though 100% adherence was required to achieve the best virologic

outcomes, similar increases in CD4� cell counts were seen among

participants who reported 100% adherence and those who re-

ported 80%–99% adherence, a finding that suggests that CD4�

cell count response may be a less sensitive marker of adherence

levels than virus load.

The current study confirms what other studies have found:

self-reported medication adherence is a strong and independent

predictor of virologic outcome. Other methods of measuring

adherence, such as the use of MEMS caps, may allow for greater

precision in measurement; however, these methods also have

many drawbacks, including greater cost, inconvenience, patient

dissatisfaction, and confidentiality concerns [19, 25, 26]. Self-

reporting offers the advantages of low cost and ease of admin-

istration, in addition to revealing the reasons why doses were

missed. In the current study, the important aspect of the col-

lection of self-reported data was that the instrument was non-

judgmental and was administered in a confidential manner by

someone not directly involved in the patient’s care, thereby

reducing potential bias in the responses.

The longitudinal data revealed additional findings of interest.

Adherence changed over time, with the proportion of partic-

ipants who reported 100% adherence decreasing significantly

between 1 month and subsequent months of taking the study

medications. The consistency of the adherence behavior over

time was also shown to be predictive of virologic and immu-

nologic outcomes. Participants who consistently reported 100%

adherence at all study visits were significantly more likely to

achieve suppression of the virus to a level below the level of

detection, compared with those who less frequently reported

100% adherence. It is noteworthy that only 72% of those who

reported 100% adherence at all follow-up visits achieved non-

detectable HIV RNA levels. Potential explanations for this in-

clude the possibility of self-reporting resulting in overestima-

tion of the actual adherence level, as well as other reasons for

virologic failure, including resistance and pharmacologic fac-

tors. Few studies have examined pooled adherence data over

time [4, 8], and only 1 published study has demonstrated the

importance of maintaining uniformly high levels of adherence

over time [27]. This may have important implications for in-

terventions to promote adherence. Our study suggests the need

to focus efforts on promoting adherence during the first 4

months that individuals are taking a new therapy as well as the

need to encourage consistently high levels of adherence over

time.

The current study provides interesting information about

predictors of adherence. First, the longitudinal nature of the

study revealed that factors predictive of adherence varied at

different time points. Therefore, a cross-sectional analysis could

have missed some significant predictors, which possibly ex-

plains the disparate findings regarding predictors of adherence

in many studies, most of which have been cross-sectional in

nature. Although some factors, such as active substance use,

mental illness, and lack of trust in a health care provider, have

been found to predict poorer adherence consistently across

studies [4, 6, 8, 28–30], there has been more variability in the

correlation between adherence and demographic factors, such

as age, race, and sex. The current study identified a race-
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associated difference in adherence: nonwhite individuals were

less likely to report high levels of adherence than were white

individuals. The association between nonwhite race and non-

adherence has been described elsewhere [6, 31–37] and has

been shown to be independent of age, history of injection drug

use, education, employment, income, and medical regimen fol-

lowed [34, 35]. It has been suggested that nonwhite race may

be a marker for other factors, such as dissatisfaction with social

support, unhealthy coping mechanisms, and a lower level of

literacy [34, 38, 39]. In comparison with white individuals,

black individuals also have been found to have greater perceived

barriers to taking medications [33], greater misconceptions

about HIV disease and its treatments, and greater mistrust of

health care authorities [40, 41]. The reason for the association

noted in our study remains unclear; examination of the reasons

why doses were missed in terms of differences between non-

white and white individuals did not provide much insight. In

the current study, adherence was also associated with the anti-

retroviral medication class (i.e., nucleoside, nonnucleoside, or

protease inhibitor), with lover levels of adherence noted among

patients who were receiving a regimen that contained a PI. This

may be related to the pill burden, side effects, toxicities, dosing

frequency, and complexity associated with these regimens in

comparison with regimens that contained an NNRTI. However,

pill burden alone was not predictive of adherence. Lower levels

of adherence were also seen among persons who received anti-

retroviral salvage therapy, a finding that suggests the need for

additional support for such patients.

The limitations of the present study are associated with the

measurement of adherence, the duration of follow-up, and the

end points of the clinical trials. Self-reporting was the only

means of measuring adherence that was used. In addition, the

CPCRA self-report consisted of a global 7-day recall rather than

a day-by-day 3- or 4-day recall, as used in many other studies

[42]. In the calculation of adherence scores by use of data from

the CPCRA questionnaire, the percentages used as estimates of

corresponding categorical responses may have over- or under-

estimated the intentions of the participants. The self-report

form also offered only a limited number of reasons why anti-

retroviral doses were missed. This may explain the lack of a

consistent explanation for the racial difference in adherence.

Although the duration of the present study was longer than

that of most studies of adherence, participants were followed

during a relatively short period of antiretroviral use, considering

the current recommendations for lifelong therapy. Because the

end points of the antiretroviral trials were virologic and not

clinical, the impact of adherence on the clinical outcomes of

these participants is unknown.

In summary, the current study confirms that self-reporting

is a useful method of measuring adherence and that self-

reported adherence is a strong predictor of virologic and im-

munologic outcomes. The changes in levels of adherence and

its predictors over time illustrate that adherence is a complex

and dynamic behavioral process with subtle and important

nuances that must be identified and followed over time, not

solely at a single time point. The importance of constancy in

adherence needs to be emphasized in interventions for en-

hancing adherence.
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