
Introduction
The benefits of Highly Active Antiretroviral Ther-

apy (HAART) have dramatically altered the natural
history of HIV disease. For those with access to po-
tent combinations of antiretroviral agents, restora-
tion and prolonged maintenance of good health, re-
duced morbidity, hospitalization and mortality has
been achieved1-5. However, biologic, clinical and
behavioral problems remain, which have prevented
obtaining maximum benefit from these therapies.

Growing experience with antiretroviral therapies has
uncovered issues of inadequate drug potency, anti-
retroviral resistance, pharmacologic difficulties and
short and long-term toxicities. In addition, adher-
ence to medication has emerged as central to ther-
apeutic outcome6.

The importance of adherence
To assure a favorable outcome, several therapeu-

tic components must be in place. First, potent anti-
retroviral therapy must be accessible, properly pre-
scribed and acceptable to the patient7. Secondly,
adherence to such potent therapies must be perfect
or near perfect. The well-known features of HIV
replication dynamics, characterized by an astound-
ing rate of “error prone” replication (estimated to be 111
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at the rate of 109-10 virions per day), resulting in the
elaboration of multiple mutant viral quasi-species8,9.
Inadequate adherence may result in partial sup-
pression of viral replication and pressure to se-
lect viral species resistant to the administered
therapy. Therapeutic efficacy is thereby reduced.
Indeed, inadequate adherence is the major
cause for sub-therapeutic drug levels, resistance
selection and therapeutic failure1,10,11. Thus, to pre-
vent or delay resistance, long-term careful attention
to adherence is critical. In other chronic diseases,
long-term therapies do not require continuous ther-
apeutic coverage or promote selection of resis-
tance. And, thus, are tolerant of mild to moderate
lapses in adherence. However, HIV therapeutics
does not allow for such “pharmacologic forgive-
ness”. Full therapeutic benefit likely requires both
life long therapy and consistency of administration
of a high proportion of doses. Studies in both clini-
cal trials and clinical care settings have docu-
mented the central and critical role of adherence in
HIV therapeutics. In most successful clinical trials of
antiretroviral agents, approximately 80% of patients,
who have not received antiretroviral agents, previ-
ously, achieve non-detectable viral loads12-15.
Among those who do not achieve non-detectable
levels, non-adherence appears to be a key element.
In less selected and more widespread clinical care
settings, non-detectable HIV-RNA levels are re-
ported in the range of 40-60%3,16-18 and poor adher-
ence appears to be the most powerful predictor of
therapeutic failure. Most studies on rates of adherence
have come from the developed world where anti-
retroviral therapies and therapy of opportunistic in-
fections have been most readily available and
widely prescribed. Recent information from the de-
veloping world reveals that adherence will become
a major issue in therapeutics as antiretroviral thera-
pies become more widely available. Experience in
Brazil supports this view as do the few studies cur-
rently reported from Africa19. However, it is impor-
tant not to make assumptions about anticipated lev-
els of adherence in the developing world based
upon pre-conceived notions. For example, in a
study from Capetown, South Africa, adherence
rates were quite good and similar among English,
Africans and Xhosa speaking patients20.

Information from a number of sources has docu-
mented a direct relationship between levels of ad-
herence and biologic and clinical outcomes4,21-26. In
one recent study, adherence self-report was col-
lected prospectively from 1095 participants in two
large, randomized, multi-center antiretroviral clinical
trials. From baseline to 12 months, there was a
change of -2.72, -2.27, and -0.65 log10 HIV RNA levels
among those reporting 100%, 80-99%, and 0-79%
adherence, respectively (p < 0.001); with 70, 46,
and 19% of subjects, respectively, achieving non-
detectable HIV RNA levels (<50 copies/ml) at 12
months (p < 0.001). Among the same 3 groups, the
CD4+ count increase was 152, 175 and 41
cells/mm3 (p = 0.005)26.

In studies in Vancouver and Spain it has been
possible to demonstrate that adherence levels pre-

dict both frequency of hospitalizations and mortali-
ty5,25. In the former studies, for every 10% decre-
ment in adherence, there is a 18% annual increase
in mortality. More recently, among 1299 patients fol-
lowed from initiation of antiretroviral therapy in Van-
couver, adherence emerged as a major predictor of
mortality4. In this analysis, 909 received PI-based
regimens and 310 received NNRTI-based regi-
mens. The mean baseline CD4+ cell count was 280
cells/mm3 and baseline viral load was approxi-
mately 120,000 copies/ml. During the median fol-
low-up period of 28 months, only 82 individuals died
of AIDS-related causes, resulting in a crude AIDS
mortality rate of 6.7%. Evaluated predictors of mor-
tality included age, sex, HIV risk, prior AIDS, CD4+
cell count, PI use, and plasma HIV1 RNA levels. In a
multivariate analysis, only baseline CD4+ cell count
at institution of therapy was significantly associated
with mortality. Survival rates were 97-100, 90 and
74% for those with baseline CD4 cell counts of
>200, 50-200 and <50, respectively. In the lowest
strata, the adjusted risk ratio for death was 7.1,
(95% CI, 3.8 to 13.2; p < 0.001). Of considerable in-
terest, the majority of deaths in the <50 CD4 cell
strata, occurred among those with adherence levels
<95%. Of further note, among those in this strata
who were adherent, 50% achieved a count >200
cells/mm3 after 30 months of follow-up. These data
make it clear that adherence directly influences clin-
ical outcome and on a more positive note, that even
with late presentation of HIV disease, treatment can
be effective, if good adherence is assured. 

Adherence to antiretroviral therapy has important
additional public health significance27. Antiretroviral
therapy reduces HIV-RNA in genital fluids in parallel
with reductions in plasma28 and, as a consequence,
likely reduces the risk of HIV transmission during
risky behaviors HIV transmission risk29. However,
this beneficial overall reduction in HIV transmission
might be accompanied by a developing risk of trans-
mission of virus resistant to antiretrovirals if HIV risk
behaviors continue and transmission occurs30-37. A
direct link to non-adherence and transmission of re-
sistance is strongly suggested by current data.

Levels and measurement of adherence
The measurement of adherence remains prob-

lematic; a standard definition of adherence and
completely reliable measures of adherence are
lacking. Nevertheless, there has been substantial
progress in both of these areas in the past few
years. 

First, at appears that higher levels of adherence
are needed for HIV disease than with other dis-
eases, to achieve the desired therapeutic benefit. A
recent study by Paterson, et al.22 using MEMS caps
in a population of 84 experienced patients at two
HIV clinics, demonstrated that very high levels of
adherence are necessary to achieve desired thera-
peutic effect. In this study, to achieve suppression
of virus below 400 copies at 3 months in greater
than 80% of patients, >95% adherence was neces-
sary. Another report from 5 HIV clinics studied self-
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reported adherence among 173 antiretroviral experi-
enced patients. Adherence to therapy during the pre-
vious four weeks at months two and six of the study
was evaluated. At six months, none of the patients
with adherence levels of less than 80% were non
detectable, 17% were non-detectable with 80-95%
adherence levels, 41% with levels of 95-99% and
47% of those who were 100% adherent were non-
detectable (p = 0.06). Among those who were
<80% adherent, at six months, there was a rise in vi-
ral load of 0.2 log and fall in CD4 count of 18 cells.
In contrast, among those who were 100% adherent,
viral load fell 1.1 logs and CD4 cell count rose 72
cells21. Similar results were seen in a study of pa-
tients enrolled in two large-scale clinical trials24,26.
Not only was there a direct correlation between high
levels of adherence and desired viral load and CD4
cell outcome, another important adherence effect
and measurement issue emerged. In order to
achieve viral load suppression below 50 copies/ml
in the population at one year, it was necessary to
both obtain high levels of adherence and to consis-
tently maintain these levels over time. There was a
direct relationship between the number of clinic vis-
its with self-reported levels of adherence of 100%
during the previous week and biologic outcome
(Fig. 1). 

Second, better appreciation of the value and limi-
tations of different adherence measurements has
been accomplished. Measures of adherence
have been classified as direct (biologic markers
or assays of body fluids) or indirect (self-report,
interview, pill counts, pharmacy records, comput-
erized medication caps and viral load monitor-
ing). Adherence measures have been studied
alone and in combination with other measures, in an
effort to develop an accurate assessment tool. To
date, many measures appear to correlate with out-
come although no single measure studied provides
a consistently accurate picture of an individual’s ad-
herence behavior. Combinations of measures ap-
pear to be most strongly predictive of outcome38.

Clinicians’ estimates of patients’ adherence, al-
though the most commonly employed measure, re-
main consistently unreliable and usually overesti-
mates21,22,39. Haubrich and colleagues found that
45% of the time clinicians’ estimates of adherence
differed from patient self-report and that these esti-
mates did not correlate with either virologic or im-
munologic outcomes21. In research studies, The
Medication Event Monitoring System is often used
as an objective adherence measure. It consists of a
computer chip in the cap of a medication bottle that
records each time the bottle is opened. The results
can be downloaded, printed out and analyzed. Al-
though a costly tool, many insights have been ob-
tained from the use of MEMS caps. They demon-
strate that medication-taking patterns are highly
variable among patients40 and that they often give a
more precise measure of adherence than self-re-
port41. However, MEMS data is also subject to error
and are not widely available in the clinical setting.
Patient self-report, the most widely used measure of
adherence, has been the subject of recent favorable
study in HIV therapeutics. Adherence assessment
by self-report is usually evaluated by a patient’s
ability to recall their medication dosing during a
specific time interval, generally in the form of a
three-day, seven-day or 30 day recall questionnaire.
Recent studies of three-day and seven day self-re-
port measures have been well correlated with thera-
peutic outcomes21,24,26,42 These discrepancies in
utility of patient self-report may be due to assess-
ment technique, which in many clinical settings may
be cursory and unrevealing. In addition, “white coat
compliance”, the reporting of higher than actual levels
of adherence to please one’s clinician, is common.
Patient self-report is likely to be more accurate if
questions used are carefully chosen, the duration of
recall is short and questions are asked in a non-
judgmental manner.

Pill counts have been widely used as a surrogate
for adherence in clinical trials. They are generally
believed to be less accurate than either MEMS caps
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Figure 1. Consistency of 100% adherence and virologic outcome
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or carefully obtained self-reports and thus, if used at
all, should only be used in conjunction with other
measures. Spontaneous, unannounced adherence
pill count audits administered outside of the clinic
setting has recently been shown to strengthen the
accuracy of individual measures. In a cohort of
homeless men, MEMS caps, pill counts and 3 day
self-report were each able to predict concurrent vi-
ral load when administered as a spontaneous audit
in a non threatening setting43. 

Therapeutic drug monitoring (TDM) has been
employed as an adherence tool. Differences in drug
half-lives as well as inability to detect frequency of
dosing contribute to TDM shortcomings. In addition,
factors other than adherence may affect drug levels,
such as the effect of food and GI motility, as well as,
inter-individual pharmacokinetic metabolic variation
in cytochrome p450 and alpha-1 glycoprotein. Des-
pite drawbacks of TDM, recent studies indicate that
they have a place in adherence assessment44,45.
Duong reported encouraging results in a study of
149 HIV patients. Protease inhibitor levels were com-
pared to a self-report questionnaire. Serum levels
were significantly associated with both viral res-
ponse (p = 0.000005) as well as self-reported ad-
herence (p = 0.0005) and both predicted therapeu-
tic outcome. In recent studies, the use of trough
levels and IC50 of HIV to establish an Inhibitory Quo-
tient has predicted therapeutic outcome46. 

Finally, it is important to note that the measure-
ment of viral load levels is of special utility as an
indirect measure of adherence in HIV therapeutics.
It has been argued that this is not an adherence
measure because other factors may influence viral
load (pharmacokinetics, viral resistance, etc.).
However, there is a tight correlation between viral
load and adherence21-24. Most importantly, favorable
changes in viral load is the desired therapeutic out-
come of adherence to HAART and thus a logical, in-
deed, crucial adherence measure and effect.

Determinants of adherence
Adherence is a complex clinical behavior with a

wide array or determinants. Several formulations
have been developed to characterize the factors
that determine or predict adherence to medications,
including antiretroviral therapy. A useful framework is
to consider characteristics of the patient, the
provider or clinician, the regimen, the clinical setting
and the disease itself47,48. Each of these has impor-
tant influence on levels of adherence. With regard to
patient related characteristics, the Transtheoretical
model of Change49 and, the more recent, Informa-
tion, Motivation and Behavioral Skills Model50 both
initially developed for behavioral risk reduction, pro-
vide useful organization and insight to understand
patient adherence behavior and to help develop in-
terventions to improve adherence. The literature in
the developed world indicates that age consistently
predicts adherence, with older adults being more
adherent. In addition, many studies in the United
States have found that black race is associated with
poorer adherence. Predictors of adherence have not

been systematically studied in the developing world-
although data derived from tuberculosis therapy in-
dicates that low levels of adherence and treatment
non-completion may be common. 

Patient readiness to begin and maintain treat-
ment is essential to initiation of antiretroviral therapy
and subsequent successful adherence. Readiness
was first conceptualized in the Transtheoretical
Model of Change49. In this model, there is back and
forth movement through five stages of change be-
fore acceptance of a new health behavior. These are
applicable to initiation and adherence to antiretrovi-
ral therapy. Stages of change are described as pre-
contemplation (not considering change), contem-
plation (seriously considering change), preparation
(ready for action), action (over should be overt mod-
ification) and maintenance (continuation of desired
behavior >6 months). The treatment of chronic
disease may require lifelong behavior change and
the potential for regression to previous stages of
readiness always exists. Thus, relapse should be
anticipated, even in the most adherent patients. It
must be noted that precise tools for identifying and
determining readiness to initiate antiretroviral ther-
apy are lacking, although recent attempts have
been made to develop and test these51,52. It does
seem clear that initiation of therapy and adherence
to therapy once started may have different patients
determinants53 (Table I). Trust in clinician and med-
ications is predictive of acceptance of therapy,
whereas side effects, social isolation and medica-
tion complexity predicts adherence.

The Information, Motivation and Behavioral Skills
(IMB) model50 incorporates many of the determi-
nants of readiness as well as the continuation of ad-
herent therapy. Although originally developed to un-
derstand and promote HIV risk reduction behavior,
it too can easily be adapted for HIV medication ad-
herence. IMB categorizes specific variables that in-
fluence adherence as either information, motivation
or behavioral skills, thereby providing an organized
approach to adherence. In this model, information,
as well as motivation, are necessary triggers for ad-
herence but these must be accompanied by be-
havioral skills in order to successfully manage com-
plex medication regimens. 

Information 
Proper information or knowledge concerning HIV

and the benefits and risks of treatment and the se-
lected regimen, as well as specific instructions on
proper dosing and consequences of non-adher-
ence may influence health decisions about initiation of
therapy and adherence. In a study of medication in-
formation and adherence, 17% of patients with poor
understanding of their regimen were adherent ver-
sus 60% of patients with accurate information54. Ed-
ucation and health literacy are significant and inde-
pendent predictors of missing doses55. Concurrent
psychiatric and medical conditions, resulting in
cognitive impairment, such as HIV dementia and/or
depression, as well as chronic and persistent mental
illness can also significantly impair the assimilation
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of information and acquisition of knowledge, compli-
cate patients’ attempts to take medications as pres-
cribed, and consequently reduce adherence. 

Motivation
Motivation is broadly defined to include all vari-

ables that encourage or discourage adherence.
These include attitudes and beliefs about HIV treat-
ment and a specific medication; social support,
trust in the physician, the patient’s psychological
status and the presence of competing priorities in
the patient’s life. Adherence to therapies has been
shown to be influenced by behavioral difficulties
such as depression, substance abuse, and social
isolation21,22,56-59. Although, behaviors associated
with chaotic lifestyles compromise patients’ ability
to adhere, it is the severity of these conditions,
rather than just their presence or absence, that de-
termines outcome10,18.

Negative health beliefs can interfere with patient
adherence. The great diversity of individuals diag-
nosed with HIV infection is representative of a wide
array of belief systems. Longstanding mistrust
and suspicion of the medical establishment exists
among some communities with HIV disease and
may contribute to difficulty in engaging in care
and treatment57,60. An individual’s understanding of

the threat and severity of the illness, as well as their be-
liefs about the risks and benefits of the recommended
regimen influences therapy acceptance, often me-
diated by trust in physician and/or medications53,57.

Several additional aspects of the patient’s rela-
tionship with the provider and/or healthcare system
have been shown to influence patient motivation for
adherence. Patients who are satisfied with their
clinician’s personal and professional style and trust
him or her are more likely to be adherent to pre-
scribed medications52,54,61. Clinicians’ beliefs about
the efficacy of a given regimen, the importance of
taking medications properly and their belief in the
patients’ ability to follow the regimen instructions62

can motivate patients to adhere to treatment.
In asymptomatic patients, adherence is ad-

versely impacted by a long therapeutic course and
the lack of a direct relationship between drug ef-
fects and symptom relief. Patients with chronic ill-
ness must adjust to the fact that no matter how dili-
gent they are about adherence they will never be
rewarded with a cure. Lack of privacy, fear of stigma
and rejection and societal prejudice surrounding
HIV disease also may deter a patient from maintain-
ing a complex regimen.

The likelihood of adherence declines with an in-
crease in the number of medications, frequency of
dosing, frequency and severity of side effects, and
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Table I. Strategies to support adherence.

Readiness Assess stage of readiness, including levels of information, motivation and behavioral skills
Do not prescribe antiretroviral therapy until the patient is ready

Information Provide information about HIV, treatment, measures of efficacy and need for adherence using clear, explicit and
patient appropriate language
Assess comprehension of information given-ask patient to explain dosing 
Use visual aids such as pictures of pills and simplified viral life cycle
Provide written materials on information given 

Motivation Identify cultural and health beliefs that might influence therapy
Identify perceptions of treatment, including fears of side effects
Assess patient’s self- efficacy and their belief in ability to adhere to treatment
Assess patient in their home environment, when possible
Provide treatment for substance abuse and depression or refer for treatment
Identify vulnerable times for non-adherent behavior
Identify support systems, involve loved ones in the treatment and adherence process
Set realistic goals
Provide a non-judgmental environment, invite questions
Link adherence to treatment goals (viral load, CD4)

Skills Simplify regimens, eliminate unnecessary medications
Tailor treatment to daily activities to enhance convenience and acceptability of regimen 
Teach patient to identify cues for dosing 
Provide medication organizers and reminders, educate on use
Have patient demonstrate and practice pill organization 
Identify and recommend regular time for weekly pill organizer refills 
Trial pill taking with jelly beans
Have patient develop own plan for achieving adherence

Maintenance Assess adherence at every visit, use a variety of assessment techniques
Anticipate, monitor and manage side effects proactively
Provide consistency and availability
Increase supervision through phone calls, more frequent visits, modified directly observed therapy
Reassess adherence as a cause for treatment failure and before changing regimen
Develop adherence expertise in the clinical setting, including “medication manager”
Collaborate with community agencies for ongoing adherence support
Expect relapse, have a relapse plan
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complexity of the regimen. Both the reality as well as
the fear of side effects poses a barrier, which can de-
crease motivation for individuals with HIV with subse-
quent diminution in adherence52. The frequency and
severity of side effects in different regimens may alter
adherence patterns and therapeutic outcome. De-
mands placed on the patient’s life and disruptions in
daily routines and lifestyle, represent important and
significant motivational impediments to taking medica-
tion63. The degree to which a regimen “fits” into the pa-
tients’ daily schedule greatly influences ability to ad-
here. HIV regimens are demanding, requiring special
attention to timing, food requirements and fluid intake. 

Behavioral skills
Sufficient information and excellent motivation

must be accompanied by medication behavioral
skills for adherence to be successful. The final ele-
ment necessary to achieve adherence is the acquisi-
tion of skills required to manage complex regimens.
Skills such as reading, counting, organization of pill
taking around daily activities, identification of cues for
dosing, identification and coping with side effects
and advance planning in anticipation of being away
from home or changes in routine, are required of pa-
tients who wish to comply with prescribed regimens.
Many studies have shown that the most frequent rea-
son for missing doses was that the patient simply for-
got18,42. Patients with weak communication and ne-
gotiation skills may alter their own dosing schedules
rather than discuss difficulties in adhering with their
clinician. 

Studies of interventions to improve
adherence

There is a great need for rigorous, properly cons-
tructed and analyzed interventions to improve ad-

herence to therapy. Most studies to date both prior
and during the era of HAART have not met strict
design criteria64. However, a meta-analysis of ad-
herence intervention trials concluded that interven-
tions could significantly improve adherence, al-
though the effect size is usually small (in the range
of 15-20%). No single strategy or programmatic fo-
cus appeared superior. However, most successful
interventions employed several modalities, ad-
dressing cognitive, behavioral and affective compo-
nents. Such approaches were more effective than
single-focus intervention65. In addition, adherence
interventions must continue over time in order for
their effect to be a durable. Finally, to be coherent
and comprehensive, interventions should be theo-
retically based, employing one or several of the be-
havioral models described above. 

A wide array of interventions to improve adhe-
rence to antiretroviral agents is presently under
study but few have yet produced convincing re-
sults. In a recently published randomized controlled
trial of an adherence intervention in HIV therapeu-
tics, naïve patients in the experimental group re-
ceived a counseling intervention. This included in-
formation about therapy, an adapted medication
schedule and adherence problem solving training.
Both self-reported adherence and virologic mea-
sures were significantly improved in the intervention
compared to the control group66 (Fig. 2). Among
116 patients, at week 48, 94% of the intervention
and 69% of the control group achieved adherence
levels of >95% (p = 0.008). In addition, 89% of the
intervention group and 66% of the controls had viral
loads <400 copies at 48 weeks (p = 0.008). Another
study has successful employed a pharmacist-based
intervention and has demonstrated significant im-
provement in both adherence and biologic outcome
as measured by viral load and CD4 cell count67. A
small study carried out among methadone recipi-
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Figure 2. Efficacy of intervention to improve long-term HAART adherence.
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ents illustrates an important principle of adherence
intervention-the necessity for maintenance of the in-
tervention over time68. In this study, patients were
randomly assigned to an eight week supervised
therapy program versus conventional care. Adher-
ence improved significantly during the intervention,
but returned to pre-study levels soon after it’s at
cessation. More recently, French investigators have
demonstrated in a cohort of IDUs that those receiv-
ing buprenorphine drug abuse maintenance ther-
apy had higher levels of adherence than former
IUDs and active IDUs, although the difference did
not reach statistical significance69. Other adher-
ence interventions under investigation which have
shown some promise include electronic reminder
devices70,71 cue-dose training with and without
monetary reinforcement72 and specifically trained
medication adherence nurses73,74 and peer coun-
selors (S Mannheimer, personal communication).

The most successful of adherence interventions
has been directly observed therapy, used most effec-
tively in tuberculosis treatment and prophylaxis75,76.
In the past, HAART regimens were too complex and
drug half-lives too short to realistically employ this
strategy for HIV disease. However, the simplification
of regimens and appreciation that this might be the
only available adherence support for certain patients
have resulted in several preliminary studies of the in-
tervention. A pilot project, among a physician referred
poorly adherent patient population has reported fa-
vorable preliminary data77. Out reach workers were
employed to reach patients and administer anti-
retrovirals at home or community sites. Preliminary
results have shown declines in viral load and in-
creases in CD4 cell counts among a small number
of patients. Studies in institutional settings have
shown the most impressive results. In one prison-
based study, treatment naïve patients enrolled in
four clinical trials who received directly observed
therapy were compared to a community-based
sample enrolled in the same trials. The proportion of
patients with declines in HIV RNA was significantly

higher in the incarcerated DOT group, an indication
of both the importance of adherence and the value of
this intervention to improve adherence and thera-
peutic outcome (Fig. 3)23.

An appealing, direct and generalizable interven-
tion to improve adherence is the development of
simpler and more easily tolerated antiretroviral
agents and regimens. There has been substantial
progress in this area in the past two years. Simpler
regimens have been associated with equivalent or
better therapeutic outcome. Of general potential
benefit in improving adherence, this may have par-
ticular appeal in certain populations and in directly
observed therapy. Until recently, the complex
HAART regimens with short drug half-lives made it
unrealistic to employ a strategy of directly observed
therapy. Recently, simplification of regimens and fa-
vorable pharmacological properties has made
once-a day dosing of selected antiretrovirals possi-
ble. Once a day drug dosing is now possible with
commercially available ddI, efavirenz, nevirapine,
and 3TC. The intracellular half lives of these agents,
an important measure of dosing intervals for this
class of drugs, are substantially more prolonged.
The nucleoside abacavir also has a prolonged intra-
cellular half-life of 12 hours however there is limited
data available on its clinical efficacy in once a day
dosing. The half lives of the non-nucleoside reverse
transcriptase inhibitors (NNRTI), efavirenz and nevi-
rapine are prolonged (40 hours and 20-25 hours,
respectively). Several combinations of drugs in cur-
rent use (ritonavir boosted regimens with other pro-
tease inhibitors) or under investigation (BMS 232-
632, tenofovir, FTC) will likely add to the therapeutic
armamentarium of once a day regimens. Examples
of reported once a day regimens include, ddI, 3TC
and Efavirenz78 and FTC, didanosine and
Efavirenz79. In the former, 75 treatment-naïve pa-
tients on daily treatment therapy with ddI (300 mg) +
3TC (300 mg) + efavirenz (600 mg), achieved viro-
logic suppression to less than 50 copies/ml attained
in 78% of patients at 1 year. In the latter, a combina-
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Figure 3. Directly observed therapy and decline in HIV RNA.
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tion of FTC + ddI + efavirenz all given once daily at
bedtime achieved virologic suppression to less than
400 copies in 36 of 38 patients at 64 weeks and
treatment-limiting toxicity occurring in only 2 pa-
tients. 

It is important to emphasize the limitations of
most the current intervention studies. Many are
uncontrolled, of short-term duration and the gene-
ralizability of the results is not clear. The dose of
intervention needed to produce the desired be-
havioral and, most importantly, biologic and clini-
cal outcome is not clear. Nevertheless, they repre-
sent the beginning of what is likely to be a rich
literature of intervention studies, which may point
to improved ways of improving adherence and
therapeutic outcome. 

Clinician strategies to support adherence
Successful adherence to therapeutic regimens is

the responsibility of clinicians as well as patients.
The lack of rigorously designed and evaluated be-
havioral interventions to improve adherence must
be weighed against the present urgency to improve
adherence to antiretroviral therapy. It is naïve and
unrealistic to expect that most patients can adhere
to complex antiretroviral regimens, perhaps for life,
without thoughtful, practical, and continuing sup-
port. Sensitivity to the importance of adherence and
development of skills in this area of clinical care is
essential. Most clinicians have received little train-
ing in assessment and support of adherence and
will often benefit from the sharing of responsibility in
this crucial therapeutic area with other members of the
health care team. The behavioral models described
above can serve as principles to guide clinicians’ ad-
herence support strategies. These are elaborated in
Table I. 

Conclusion
Advances in antiretroviral therapy have benefited

many with HIV disease who are fortunate to have
access to these complicated and expensive regi-
mens. No other infectious disease has required life
long therapy and the challenges of both equitable
treatment and excellent adherence are daunting. In
order to maximize the potential of each drug and drug
combination, targeted efforts to increase and main-
tain high levels of adherence in the real world clini-
cal setting are essential and second only in impor-
tance to the more widespread availability of HAART
and continued development of new and more po-
tent agents. The aim of providing and maintaining
therapeutic benefit necessitates additional research
on adherence and, resources for adherence sup-
port. In addition, clinicians need to develop and em-
ploy practical and relevant strategies to support an-
tiretroviral adherence. Biomedical advances in
therapeutics should be accompanied by require
parallel behavioral medical sophistication and prac-
tice to derive full benefit from existing and future an-
tiretroviral therapy. 
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