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ANTIRETROVIRAL THERAPY

(ART) has improved the
health of many human im-
munodeficiency virus (HIV)

positive individuals who otherwise
would have died. Treatment efficacy re-
lies, however, on sustained adher-
ence, which constitutes a serious chal-
lenge to those receiving ART.1,2 The
regimens are often complicated and can
include varying dosing schedules, di-
etary restrictions, and adverse effects.3

Consistently high levels of adherence
are necessary for reliable viral suppres-
sion4,5 and prevention of resistance,6 dis-
ease progression,7 and death.8

Access to ART is limited for the ma-
jority of individuals living with HIV/
AIDS in sub-Saharan Africa. The World
Health Organization’s initiative to have
3 million individuals receiving ART
by 2005 (“3 by 5”) has yet to meet its

planned provision of care timelines,
leaving more than two thirds of the
global number of individuals needing
care worldwide without access to ART.9

Author Affiliations are listed at the end of this article.
Corresponding Author: Edward J. Mills, PhD, MSc,
Centre for International Health and Human Rights
Studies, 1255 Sheppard Ave E, North York, Ontario,
Canada, M2K1E2 (emills@cihhrs.org).

Context Adherence to antiretroviral therapy is a powerful predictor of survival for
individuals living with human immunodeficiency virus (HIV) and AIDS. Concerns about
incomplete adherence among patients living in poverty have been an important con-
sideration in expanding the access to antiretroviral therapy in sub-Saharan Africa.

Objective To evaluate estimates of antiretroviral therapy adherence in sub-Saharan
Africa and North America.

Data Sources Eleven electronic databases were searched along with major confer-
ence abstract databases (inclusion dates: inception of database up until April 18, 2006)
for all English-language articles and abstracts; and researchers and treatment advo-
cacy groups were contacted.

Study Selection and Data Abstraction To best reflect the general population,
studies of mixed populations in both North America and Africa were selected. Studies
evaluating specific populations such as men only, homeless individuals, or drug users,
were excluded. The data were abstracted in duplicate on study adherence outcomes,
thresholds used to determine adherence, and characteristics of the populations. A random-
effects meta-analysis was performed in which heterogeneity was examined using mul-
tivariable random-effects logistic regression. A sensitivity analysis was performed us-
ing Bayesian methods.

Data Synthesis Thirty-one studies from North America (28 full-text articles and 3
abstracts) and 27 studies (9 full-text articles and 18 abstracts) from sub-Saharan Africa
were included. African studies represented 12 sub-Saharan countries. Of the North
American studies, 71% used patient self-report to assess adherence; this was true of
66% of the African assessments. Studies reported similar thresholds for adherence moni-
toring (eg, 100%, �95%, �90%, �80%). A pooled analysis of the North American
studies (17 573 patients total) indicated a pooled estimate of 55% (95% confidence
interval, 49%-62%; I2, 98.6%) of the populations achieving adequate levels of ad-
herence. Our pooled analysis of African studies (12 116 patients total) indicated a pooled
estimate of 77% (95% confidence interval, 68%-85%; I2, 98.4%). Study continent,
adherence thresholds, and study quality were significant predictors of heterogeneity.
Bayesian analysis was used as an alternative statistical method for combining adher-
ence rates and provided similar findings.

Conclusion Our findings indicate that favorable levels of adherence, much of which
was assessed via patient self-report, can be achieved in sub-Saharan African settings
and that adherence remains a concern in North America.
JAMA. 2006;296:679-690 www.jama.com
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Although sub-Saharan Africa repre-
sents only 10% of the world’s popula-
tion, it represents 77% of women with
HIV, 79% of AIDS deaths, and 92% of
the world’s AIDS orphans.10 There has
been concern that African patients,
many of whom live in poverty and lack
formal education, will have subopti-
mal adherence to ART, which could
lead to the development and spread of
drug resistence.11,12

Are concerns of poor adherence in
Africans justified? No study has per-
formed a systematic meta-analysis of ad-
herence levels in Sub-Saharan Africa.
We conducted a systematic review of
available ART adherence data in both
Africa and a resource-rich setting, North
America, to determine the level of ad-
herence in emerging African treat-
ment programs relative to the more es-
tablished North American programs.

METHODS
Eligibility Criteria

Prospective studies assessing adher-
ence rates as a primary or secondary
outcome (ie, noninterventional) in gen-
eral HIV populations in North America
and Africa were included. Studies had
to have reported a threshold for adher-
ence monitoring (eg, 100%, �95%,
�90%, �80%). Studies were ex-
cluded if they reported adherence as a
mean of all doses taken by the com-
bined group of participants; were con-
ducted in countries outside North
America and Africa; contained experi-
mental interventions to promote ad-
herence because these studies do not
reflect existing clinical settings13; or as-
sessed only specific groups (eg, drug us-
ers, children, homeless individuals, ho-
mosexuals, men or women only)14,15

because the focus was adherence
rates in general populations of HIV-
positive individuals.

Search Strategy

In consultation with an information spe-
cialist (Pearl Raju, PhD, Centre for In-
ternational Health and Human Rights
Studies, Toronto, Ontario), 3 of the au-
thors (E.M., B.R., P.W.) developed
search strategies. First, search terms that

may indicate adherence (eg, adherence,
compliance, pill counts, Medication Event
Monitoring System [MEMS], directly ob-
served) were identified. The searches
combined these terms with Medical Sub-
ject Headings for HIV and were con-
ducted from May 2005 to April 18, 2006,
independently, in duplicate (B.R., P.W.).
MEDLINE via PubMed, EMBASE, Coch-
rane CENTRAL, AIDSLINE, AMED,
CINAHL, TOXNET, Development and
Reproductive Toxicology Hazardous
Substances Databank, Psych-info, and
Web of Science were searched with the
inclusion dates of the inception of the
individual database up until April 18,
2006, except for AIDSLINE, which was
searched from inception up until 2000
when its new citations ended. The Web
sites of major HIV conferences also were
searched, specifically all International
AIDS Society conferences (up to Rio de
Janeiro, Brazil, in July 2005) and all Con-
ferences on Retroviruses and Opportu-
nistic Infections (up to Denver in Feb-
ruary 2006). Lay publications and Web
sites were also searched including the
Canadian AIDS Treatment Informa-
tion Exchange publications, Médecins
sans Frontières, AIDS Treatment News,
and Google. Individual clinical research-
ers and AIDS cohort trial groups were
contacted via e-mail and telephone (BC
Centre for Excellence in HIV/AIDS,
International AIDS Society, and Mé-
decins sans Frontières) and asked if
they were aware of any unpublished
studies.

Study Selection

Using a predefined protocol (available
from corresponding author on re-
quest), 2 investigators (E.M., P.W.),
working independently, scanned all of
the abstracts and obtained the full text
of articles and reports from nongovern-
mental organizations that indicated or
suggested a measurement of adherence
had been achieved. After obtaining the
full reports of the candidate studies
(either a full peer-reviewed article, con-
ference abstract, or non–peer-reviewed
article), the same reviewers indepen-
dently assessed eligibility. Reviewers
were not blinded to study authors, study

conclusions, and outcomes because
blinding has been shown to have little
effect on systematic reviews.16 To ob-
tain the full information regarding con-
ference abstracts, the studies’ authors
were contacted via e-mail and tele-
phone. After all potentially relevant full-
text articles and abstracts were identi-
fied, 2 of the authors (E.M., P.W.) and
a member of the study team (Dugald
Seely, ND, MSc, University of Toronto,
Toronto, Ontario) met to achieve con-
sensus regarding eligibility.

Data Extraction

Between May 1, 2005, and April 23,
2006, data extraction was conducted in-
dependently, in duplicate, using a stan-
dardized form. Data abstractors col-
lected information about the study
country, study populations (age and
sex), participant ethnicity (as classi-
fied in the original study), sample size,
methods of adherence measurement,
and outcomes. When more than 1 ad-
herence measurement was used, data
on all measures used were extracted and
the most objective method was cho-
sen for this analysis (eg, MEMS). Ad-
herence measurements were defined
in the studies as primary adherence
thresholds. No studies reported exclu-
sions of patients due to adherence lev-
els prior to the study. However, in 8
studies, data are only reported for
patients who completed the adher-
ence assessments. In this case, only the
data for study completers were used.
Data on study settings (eg, nongovern-
mental organization clinic, specialist
clinic) and predictors of ART adher-
ence (eg, adherence threshold, use of
MEMS, quality of assessment) were ab-
stracted. Finally, where available, data
were abstracted regarding whether pa-
tients receiving ART paid for it or re-
ceived the therapy for free. Data on
populations’ disease state were not ab-
stracted due to large heterogeneity of
each study population. The data were
entered into an electronic database such
that duplicate entries existed for each
study; when the 2 entries did not match,
we reached consensus through discus-
sion and if necessary requested third-
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party arbitration. We considered study
quality according to whether studies
used multiple measurement tools to as-
sess adherence (n=9) and when appli-
cable considered loss to follow-up of
greater than 20% of the study sample
as being poor (n=10).

Data Analysis

To assess interrater reliability on inclu-
sion of the articles and abstracts, the �
statistic, which provides a measure of in-
terobserver agreement independent of
chance, was used.17 Descriptive analy-
ses were used to compare the number
of full-text articles published over time.
To determine if complexity of regi-
mens might yield differing adherence
rates, a z test was used for the pooled
North American adherence rates prior
to and after 2002, the year when the Af-
rican studies first appeared in print.
Thresholds for adherence were consid-
ered as greater than or equal to the cut-
off levels. To determine pooled propor-
tions of study participants adherent to
individual study measurement thresh-
olds, the variances of the raw propor-
tions (r/n) were stabilized using a
Freeman-Tukey–type arcsine square
root transformation18,19: y=arcsine[�
(r/(n �1)]�arcsine [�(r �1)/(n �1)],
with a variance of 1/(n �1), where n is
the denominator for population size. The
I2 statistic was calculated as a measure
of the proportion of the overall varia-
tion in adherence that was attributable
to between-study heterogeneity.20 We
anticipated large heterogeneity consid-
ering the varied populations, health care
delivery systems, and course of the epi-
demic. The DerSimonian-Laird random-
effects method was used to pool the
transformed proportions,21,22 which rec-
ognizes and anchors studies as a sample
of all potential studies, and incorpo-
rates an additional between-study com-
ponent to the estimate of variability. Ran-
dom-effects logistic regression was used
to explore this heterogeneity and to com-
pare continents after adjusting for the
potential confounding due to adher-
ence thresholds (100%, �95%, �90%,
�80%); assessment criteria (self-
reported, pharmacy refills); whether the

study participant paid for ART; loss to
follow-up (�20%); and clinic settings
(outpatient, nongovernmental organi-
zation). For any missing data on covar-
iates, the authors of the articles were con-
tacted and when there was no response,
these studies were considered nega-
tive. A sensitivity analysis was also con-
ducted to examine the impact of these
negative studies on the meta-regres-
sion. The unadjusted and regression-
adjusted estimates and odds ratios were
calculated by continent. Separate pooled
analyses were conducted of all studies
using the same cutoff thresholds for ad-
herence. For sensitivity analysis, we con-
firmed that a Mann-Whitney U test gave
results consistent with those of the other
methods used to compare continents.
The sensitivity analysis was conducted
using a Bayesian random-effects model
with an alternative logit transforma-
tion in addition to Monte Carlo Markov
Chain simulations of variability.23 For-
est plots were created for each conti-
nent, showing individual study propor-
tions with Clopper-Pearson confidence
intervals (CIs) and the overall DerSim-
monian-Laird pooled estimate. Each in-
dividual study in the forest plot repre-
sents the proportion of the study
population meeting the threshold for ap-
propriate adherence, as defined in the
original studies. Results are reported as
combined adherence proportions with
95% CIs. All P values are exact and
P�.05 was considered significant. Analy-
ses were conducted using StatsDirect
version 2.5.2 (StatsDirect Ltd, Cheshire,
England), which was developed by 1 of
us (I.B.), Stata version 9.0 (StataCorp,
College Station, Tex), and OpenBUGS
version 2.1 (http://www.mathstat
.helsinki.fi/openbugs/).

RESULTS
From the initial searches (May-
November 2005), 136 relevant ab-
stracts of full text articles were identi-
fied. Of these, 60 studies passed the first
screening. There was near perfect agree-
ment between the reviewers on the in-
clusion of 28 full-text articles and 2 ab-
stracts addressing North American
studies and 7 full-text articles and 15

abstracts addressing African studies
(�=0.91). In a search update (April 18,
2006), 1 abstract addressing adher-
ence in North American settings, 2 full-
text African studies, and 3 abstracts ad-
dressing adherence in African settings
were identified. Agreement on ab-
stract inclusion was perfect. A flow dia-
gram of studies included in the analy-
sis is detailed in FIGURE 1.

The characteristics of the North
American studies3,4,24-52 appear in
TABLE 1. All full-text articles and ab-
stracts were published in English. Of the
28 full-text articles reporting on stud-
ies conducted in North American set-
tings,3,4,24-47 26 were from the United
States and 2 were from Canada.48,49 Of
the 3 abstracts reporting on studies con-
ducted in North American settings, 2 as-
sessed US populations50,51 and 1 as-
sessed a Canadian population.52 The
characteristics of the African stud-
ies53-79 appear in TABLE 2. Of the 9 full-
text articles reporting on studies con-
ducted in Africa, 2 were from South
Africa,53,54 2 were from Nigeria,55,56 1 was
from Uganda,57 1 was from Senegal,58 1
was from Cameroon,59 1 was from
Botswana,60 and 1 was from Malawi.61

Of the 18 abstracts reporting on stud-
ies conducted in African settings, 2 were
from Nigeria,62,63 4 were from South
Africa,64-67 5 were from Uganda,68-72 1 was
from Malawi,73 1 was from Rwanda,74 1
was from the Democratic Republic of
Congo,75 2 were from Burkina Faso,76,77

1 was from Cote d’Ivoire,78 and 1 was
from Tanzania.79

Study Characteristics

Full-text studies conducted in North
America enrolled a median of 220 pa-
tients (interquartile range [IQR], 130-
683). This was largely unchanged when
combined with the 3 North American
abstracts (median, 219 patients; IQR,
116-683). Full-text studies conducted
in Africa enrolled a median of 109 pa-
tients (IQR, 60-263) and when the 18
African abstracts were included, the me-
dian was 100 patients (IQR, 60-270).
Four abstracts were missing data65,67,71,77;
3 on loss to follow-up and 4 on pay-
ment of ART.
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Twenty-two (71%) of the North
American studies assessed adherence us-
ing patient-reported adherence levels
over a specified period. Three studies
(10%) used pharmacy claims. Three
studies (10%) in North America used the
MEMS to assess adherence. Two stud-
ies (6.5%) used a mix of patient report-
ing and clinician observations and 1
study (3%) used clinic staff reporting.
Eighteen (66%) of the 27 studies assess-
ingadherence inAfricansettingsusedpa-
tient-reported adherence over a speci-
fied period. Three studies (11%) used
pharmacy claims and 6 studies (22%)
used a mix of patient reporting of pill
counts and clinician observations.

Adherence Threshold
Measurements
Fifteen North American studies de-
fined adherence as 100% during the
measurement period.* Nine North
American studies assessed adherence as
greater than 95%,† 4 as greater than
90%,29,35,37,48 and 3 as greater than
80%.25,28,31 Eleven African studies as-
sessed adherence as 100%,‡ 11 as
greater than 95%,§ 2 as greater than
90%,53,78 and 3 as greater than 80%.55,58,66

Thresholds defined to assess adher-

ence were not systematically different
across settings.

Time Trends
Included studies assessing ART adher-
ence in North America began in 1998
and continued to the present. There was
no difference in the pooled effect size
for North American studies between
studies published prior to 2002 (n=4)
and studies published since 2002
(n=27) (P=.52). We were unable to
identify studies assessing ART adher-
ence in Africa prior to 2002 that met
our inclusion criteria.

Meta-analysis

Our primary meta-analyses aimed to de-
termine the overall proportion of pa-
tients in each continent meeting the
threshold measurements used in the
specific studies. The combined conti-
nent analysis indicates adherence of
64% (95% CI, 59%-70%; I2, 98.7%).
FIGURE 2 displays a forest plot of all
North American studies and FIGURE 3
displays a forest plot of all African
studies. When we pooled abstracts
with full-text articles, North Ameri-
can studies (31 studies; 17 573
patients total) yielded a pooled esti-
mate of 55% (95% CI, 49%-62%; I2,
98.6%) and African studies (27 stud-
ies; 12 116 patients total) yielded a
pooled estimate of 77% (95% CI,
68%-85%; I2, 98.4%), indicating a
significantly (P�.001) higher level of
ART adherence in Africa. North Ameri-
can full-text articles (28 studies) had
a pooled proportion of 57% (95% CI,
49%-64%; I2, 98.9%) and African full-
text articles (9 studies) had a pooled
proportion of 71% (95% CI, 62%-
79%; I2, 91.6%); the superior ART ad-
herence rate in Africa remained
(P=.02). The Bayesian sensitivity analy-
sis provided an alternative statistical
manner to evaluate pooled propor-
tions and were largely similar to the
pooled random-effects analysis of 55%
(95% CI, 49%-62%) adherence in North
America and 81% (95% CI, 72%-87%)
adherence in Africa. The Mann-
Whitney U analysis in case of scale
transformation problems with arcsine

*References 3, 24, 26, 30, 32, 36, 38, 40, 42-47, 51.
†References 4, 27, 33, 34, 39, 41, 49, 50, 52.
‡References 56, 59, 61, 64, 71, 72, 74-77, 79.
§References 54, 57, 60, 62, 63, 65, 67-70, 73.

Figure 1. Flow Diagram of North American and African Studies Included in Analysis

58 Studies Included in Analysis
31 North American

28 Full-Text Articles
3 Abstracts

27 African
9 Full-Text Articles

18 Abstracts

96 Full-Text Articles Reviewed by
Individual Researchers for Eligibility
81 North American
15 African

136 Abstracts of Full-Text Articles
Identified in Electronic Databases
113 North American
23 African

25 Excluded (Reported Adherence
in Specific Populations)
22 North American
3 African

36 Excluded (Used Specific Population
or Measured Adherence Using
Mean Adherence Rather Than
Proportions)
31 North American
5 African

40 Excluded Based on Exclusion Criteria
32 North American
8 African

35 Studies Eligible by Consensus
of Researchers and Included
in Analysis
28 North American
7 African

21 Abstracts Identified at International
Conference
3 North American

18 African
2 Full-Text African Studies Identified

in Electronic Database

60 Full-Text Articles Reviewed by
Research Team for Eligibility
50 North American
10 African
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Table 1. Characteristics of North American Studies*

Source
No. of

Participants

Characterisics of Study Population

Assessor
Adherence, %;

Threshold for Measurement
Female,

% Ethnicity, % Age, y

Acri et al,24 2005 106 29 Black, 26
Hispanic, 32

41 (13-69)† Patient 100; Did not miss any doses over past month

Becker et al,25 2002 3788 31 NA NA Pharmacy claim �80; No. of days drug taken/365

Castillo et al,48 2004‡ 788 18.1 NA 37 (30-45)† Pharmacy claim �90; No. of months medication dispensed/No. of
months of follow-up

Cook et al,26 2001 219 28 Black, 24
Hispanic, 15

NA Patient 100; Did not miss dose in previous 24 h

Diamond et al,27

2005
874

(683 in Analysis)
12 Hispanic, 37

Black, 16
37 (21-73)† Patient �95; No. of pills taken/pills prescribed in past

week

Eldred et al,28 1998 244
(207 in Analysis)

37 Black, 85 NA Medical record �80; Total dose of medication in previous week
(total No. of capsules of medication taken in
past week)

Ferguson et al,3 2002 149 12.8 Black, 34 39 (8.6)§ Patient 100; Missed �1 dose in the past 4 wk

Gebo et al,29 2003 196 32 Black, 78 37.5 (NA)§ Patient �90; No. of doses taken over past 2 wk

Gifford et al,30 2000 133 14 Black, 22
Hispanic, 11

NA Patient 100; NA

Graney et al,31 2003 57 22.8 Black, 82.5 35 (23-46)� Patient ¶

Heckman et al,32

2004
329

(272 in Analysis)
92 Black, 18

Hispanic, 3
Native American, 1

40.9 (18-70)� Patient 100%; Based on past 7 d

Hinkin et al,33 2004 148 17 Black, 70
Hispanic, 9

44.2 (7.7)§ MEMS #

Ingersoll and
Heckman,34 2005

120
(46 in Analysis)

38 Black, 83
Native American, 2

40.4 (NA)§ Patient �95; Composite adherence score of 3

Johnson et al,35 2005 2765 24.4 Black, 49.4 42 (7.6)§ Patient �90; No. of pills taken/No. of pills prescribed over
prior 3 d

Kalichman et al,36

2005
391

(255 in Analysis)
NA Black, 71 41 (NA)§ Patient 100; Based on previous 7 d

Levine et al,37 2005 222 20 Black, 68 43.8 (7.2)§ MEMS �90; No. of the doses taken/No. of doses
prescribed in 4-wk study period

Mohammed et al,38

2004
273 70.7 Black, 60.1 38.6 (19-66)� Patient 100; Based on past 7 d

Paterson et al,4 2000 99
(81 in Analysis)

NA Black, 20.8 40 (21-62)† MEMS �95; No. of doses recorded/total No. of doses
prescribed

Penedo et al,39 2003 116 45 Black, 37
Hispanic, 33

39.2 (8.7)§ Patient �95; No. of doses taken/No. of doses prescribed
in past 4 d

Power et al,40 2003 73 47 Black, 23 40.3 (6.9)§ Patient 100; Based on past 4 d

Russell et al,41 2004 130 3.8 Black, 15.4
Hispanic, 5.4

37.2 (7.2)§ Clinic staff �95; Based on a combined adherence regimen

Schneider et al,42

2004
554 15 Black, 14.5

Hispanic, 6.9
41.6 (7.7)§ Patient 100; Aggregate adherence score of 100 includes

taking all medication in previous 7 d

Tesoriero et al,43

2003
435 48.6 Black, 47.9

Hispanic, 32.2
43.1 (NA)§ Patient 100; Based on past 3 d

Tucker et al,44 2003 1910 22 Black, 32 NA Patient 100; Based on past 7 d

Wagner et al,45 2002 80
(40 in Analysis)

NA Black, 35
Hispanic, 16
Native American, 3

39 (21-64)� Patient 100; Based on past 3 d

Weiss et al,46 2003 997 38.4 Black, 47.9
Hispanic, 32.9

NA Patient 100; Based on past 3 d

Wilson et al,47 2001 454 28 Nonwhite, 37 42 (NA)§ Patient 100; Based on past 7 d

Wood et al,49 2003‡ 1422 ** NA 37.1 (31.9-44.0)† Patient or
physician

�95; Total amount of medication dispensed to
patient would last to follow-up during first year

Montessori et al,52

2000‡,††
886 13.5 NA NA Pharmacy claims �95; No. of months prescriptions dispensed/No.

of months of follow-up in first year

Robertson et al,51

2006††,‡‡
37 31 NA NA Patient 100; Based on past 4 d

Temoshok and
Wald,50 2004††

131 44 Black, 91 42.4 (NA)§ Patient �95; NA

Abbreviations: MEMS, Medication Event Monitoring System; NA, data not available.
*Studies are from the United States unless otherwise indicated.
†Expressed as median (range).
‡Study is from Canada.
§Expressed as mean (SD).
�Expressed as mean (range).

¶Adherence of 80 or greater on a scale of 100 coded for dosage.
#Adherence defined as 95% or greater of prescribed medication during a 4-week

period.
**There were 224 females in this study.
††This study was published as an abstract.
‡‡Data missing on payment of antiretroviral therapy and on loss to follow-up.
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remained significant (P�.001). The ad-
justed odds ratio of ART adherence in
African studies in relationship to ART
adherence in North America, indepen-
dent of the thresholds used, is 3.0 (95%
CI, 2.6-3.6). The odds ratio, adjusted
for all other potential covariates, is 2.5
(95% CI, 1.9-3.3).

TABLE 3 displays the pooled propor-
tions of each continent adjusted for
thresholds. As anticipated, we found
large heterogeneity across study analy-
ses. In multivariable analyses (TABLE 4),
heterogeneity was examined by conti-
nent, adherence threshold (100%,
�95%, �90%), and use of more than 1

adherence measure. North American
studies using MEMS to assess ART ad-
herence had a reduced but nonsignifi-
cant level (P=.08) compared with other
North American studies that did not use
MEMS. Free access to care was not
associated with higher ART adherence
in Africa (16 studies; 74% [95% CI,

Table 2. Characteristics of African Studies

Source Country
No. of

Participants

Characteristics of
Study Population

Assessor
Adherence, %;

Threshold for Measurement
Female,

% Age, y

Byakika-Tusiime et al,57

2005
Uganda 304 53 39 (NA)a Patient �95; No. of doses taken/No. of doses

prescribed in last 3 d

Idigbe et al,55 2005 Nigeria 44 56 34.5 (30-60)b Patient �80; Based on period between clinic visits

Iliyasu et al,56 2005 Nigeria 263 NA NA Patient 100; Based on previous 7 d

Laurent et al,58 2002 Senegal 58 44.8 41.5 (30-46)b Patient c

Laurent et al,59 2004 Cameroon 60 68 34.5 (29-40.5)d Patient 100; Based on past 7 d

Orrell et al,53 2003 South Africa 289
(278 in Analysis)

43 33.4 (8.7)a Pharmacy refill
and pill count

�90; Medication dispensed minus pills returned/
No. of pills prescribed over 48 wk

Nachega et al,54 2004 South Africa 66 71 36.1 (10.1)a Patient �95; No. of pills taken/No. of pills prescribed in
previous month

Weiser et al,60 2003 Botswana 109 50 NA Patient or clinician �95; Based on previous year of missing �1
dose in 10-d period or 1 dose/wk

van Oosterhout et al,61

2005
Malawi 176 55 39 (22-71)b Patient or file record 100; Did not miss any dose in prior day, week,

or month

Adedayo et al,62 2005e Nigeria 689 36 32 (NA)b Patient �95; NA

Boileu et al,77 2005e Burkina Faso
and Mali

270 65.2 NA Patient 100; Based on past 7 d

Brown et al,64 2004e South Africa 50 NA NA Patient 100; Based on past 7 d

Byakika et al,69 2005e Uganda 44
(28 in Analysis)

71.4f 29.5 (13.5)a Pill count, patient,
or VAS

�95; Based on 3-d report

Daniel et al,63 2004e Nigeria 53 60.4 40.5 (NA)a Patient �95; Based on past 7 d

Darder et al,67 2004e,g,h South Africa 192 NA NA Patient i

Eholie et al,78 2004e Cote d’Ivoire 308
(304 in Analysis)

47.4 NA Pharmacy refill �90; Based on proportion of prescribed doses
taken over 7 d

Ferris et al,65 2004e,g South Africa 74 58.1j 37 (NA)a Patient �95; Based on past 4 d

Hosseinipour et al,73

2004e
Malawi 141 52 NA Patient �95; NA

Karcher et al,68 2004e Uganda 76 53.9k NA Patient �95; NA

Muganzi et al,70 2004e Uganda 530 NA NA Patient or pill count �95; Based on majority of prescribed
medication taken

Okongo et al,71 2004e,g,h Uganda 100 58 33.4 (NA)a Patient or pill count 100; Based on consistent medication regimen

Omes et al,74 2004e Rwanda 95 NA NA Patient or VAS 100; Based on last 3 d (self-report) and the last
month (VAS)

Nachega et al,66 2005e South Africa 7812 56 NA Pharmacy claim �80; No. of months patients submitted
claims/No. of months since began taking
antiretrovirals

Ramadhani,79 2006e Tanzania 150 63 NA Patient 100; NA

Shihab et al,72 2004e Uganda 84 50 38.6 (8.2)a Patient 100; Based on past 2 wk

Traore et al,76 2004e Burkina Faso 120
(80 in Analysis)

NA NA Patient 100; Based on past month

Tu et al,75 2004e Democratic
Republic
of Congo

30 NA NA Patient or pill count 100; Based on 3-mo period

Abbreviations: MEMS, Medication Event Monitoring System; NA, data not available;
VAS, visual analog scale.

aExpressed as mean (SD).
bExpressed as median (range).
cAdherence based on 80% or greater of prescribed dose taken on the basis of the

patients’ statements to their physician at each monthly visit.
dExpressed as mean (range).

eThis study was published as an abstract.
fOf the total population in this study, 14.3% were children; mean (SD) age, 1.5 (3.0) years.
gData missing on payment of antiretroviral therapy.
hData missing on loss to follow-up.
iAdherence based on 95% or greater dose taken at 1, 3, and 12 months.
jOf the total population in this study, 5.4% were Asian.
kOf the total population in this study, 6.6% were children.
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64%-82%]) than North America (24
studies; 82% [95% CI, 67%-93%])
(P=.33).

COMMENT
The findings from this systematic
review and meta-analysis suggest that
ART adherence among sub-Saharan
African patients in early treatment pro-
grams are favorable, although it should
be noted that the complexity of treat-
ment regimens is potentially greater in
North America, which should be con-
sidered when interpreting the data.
This suggests that concerns about sub-
optimal adherence are not supported
by the data and such concerns should
not contribute to delayed access to

treatment. While these data are prom-
ising, these relatively high levels of
adherence may decline as treatment
access expands. The African studies in
these analyses were conducted in
patients with early access to limited
therapy and are possibly not generaliz-
able to the larger HIV epidemic in
Africa. Furthermore, most African
studies include patients during early
therapy when they are experiencing
dramatic increases in health status and
before they develop long-term adverse
effects of therapy. While expectations
of poor levels of adherence in Africa
appear to be thus far unwarranted,
efforts to sustain adherence in Africa
and elsewhere remain important goals

to optimize outcomes for individuals
and global HIV treatment.

Strengths of this systematic review in-
clude explicit eligibility criteria and con-
duct of a comprehensive search that
identified a number of eligible articles
not published or available on elec-
tronic databases. We attempted to con-
tact all of the articles’ authors, how-
ever only 36 provided appropriate
contact information. Thirty-two au-
thors (89%) responded and clarified
that adherence rates were correct as ab-
stracted. Independent reviewers as-
sessed eligibility and agreement was
high. In keeping with the large hetero-
geneity across studies, we used the
random-effects model to pool propor-

Figure 2. Pooled Proportion of Patients in North American Studies Adhering to Antiretroviral Therapy

Source

Full-Text Articles

Proportion Adherent
(95% CI)

Acri et al,24 2005 0.45 (0.36-0.55)
Becker et al,25 2002 0.26 (0.25-0.27)
Castillo et al,48 2004 0.65 (0.62-0.69)
Cook et al,26 2001 0.86 (0.81-0.90)
Diamond et al,27 2005 0.74 (0.71-0.78)
Eldred et al,28 1998 0.56 (0.49-0.63)
Ferguson et al,3 2002 0.35 (0.27-0.43)
Gebo et al,29 2003 0.71 (0.64-0.77)
Graney et al,31 2003 0.56 (0.42-0.69)
Gifford et al,30 2000 0.50 (0.41-0.58)
Heckman et al,32 2004 0.50 (0.44-0.56)
Hinkin et al,33 2004 0.33 (0.26-0.41)
Ingersoll and Heckman,34 2005 0.30 (0.18-0.46)
Johnson et al,35 2005 0.68 (0.66-0.70)
Kalichman et al,36 2005 0.56 (0.50-0.62)
Levine et al,37 2005 0.44 (0.38-0.51)
Mohammed et al,38 2004 0.66 (0.60-0.71)
Paterson et al,4 2000 0.30 (0.20-0.41)
Penedo et al,39 2003 0.72 (0.63-0.80)
Power et al,40 2003 0.74 (0.62-0.84)
Russell et al,41 2004 0.83 (0.76-0.89)
Schneider et al,42 2004 0.43 (0.39-0.47)
Tesoriero et al,43 2003 0.46 (0.41-0.51)
Tucker et al,44 2003 0.46 (0.44-0.49)
Wagner et al,45 2002 0.53 (0.36-0.68)
Weiss et al,46 2003 0.66 (0.63-0.69)
Wilson et al,47 2001 0.42 (0.37-0.47)
Wood et al,49 2003 0.57 (0.55-0.60)

Abstracts

Montessori et al,52 2000 0.57 (0.54-0.60)
Robertson et al,51 2006 0.68 (0.50-0.82)
Temoshok and Wald,50 2004 0.54 (0.45-0.63)

No. Adherent/
Total No.

48/106
985/3788
514/788
188/219
508/683
116/207
52/149

139/196
32/57
66/133

136/272
49/148
14/46

1887/2765
143/255
98/222

179/273
24/81
84/116
54/73

108/130
238/554
200/435
888/1910
21/40

655/997
191/454
816/1422

504/886
25/37
71/131

Country

United States
United States
Canada
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
United States
Canada

Canada
United States
United States

Combined 0.55 (0.49-0.62)

0 0.2 0.4 0.6 0.8 1.0

Proportion Maintaining Adherence (95% CI)

Size of data markers is proportional to sample size. The combined data marker indicates the DerSimmonian-Laird combined proportion of all North American studies.
CI indicates confidence interval.
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tions. We used random-effects logis-
tic regression to account for the ex-
tent of differences between populations
and examined a priori defined vari-
ables to explain the heterogeneity.

The main limitation of our review is
in the quality of the studies. There is
no gold standard for evaluating adher-
ence to medication.80 Patient recall and
pill counts have inherent biases in their
measurement.81 However, proportion-
ately, both continents used a similar
number of patient recall and pill counts
to evaluate adherence, thereby mak-
ing our analysis as valid as the policies
to provide care in North America. There
were only 3 studies that assessed ad-
herence using the MEMS and these
were in North America.4,33,37 These stud-
ies reported a nonsignificant pooled re-

duction in ART adherence compared
with self-reported studies of 19%, which
is in keeping with expectations that self-
report may exaggerate adherence. We
found large heterogeneity across the
meta-analyses as we had expected. We
were able to explain heterogeneity
across several outcomes. There are uni-
dentified factors either related to popu-
lations, drug regimens, or methodologi-
cal features that may have a large impact
on either apparent or real adherence.
Setting aside the pooled estimates, all
but 2 African studies had more than
50% of all patients meeting the thresh-
old for appropriate ART adherence.
Furthermore, despite our extensive
searching and contact with organiza-
tions providing care in North America
and Africa, as well as reviewing other

review articles,82,83 which have ad-
dressed several of our included stud-
ies, � it is possible that we have missed
some unpublished studies assessing
ART adherence. We cannot know the
extent to this limitation because fun-
nel plots do not apply in noninterven-
tion-based studies. Finally, our analy-
sis was based on studies across a great
spectrum of geographical and eco-
nomic locations. It is possible that po-
litical or sociodemographic status can
affect adherence rates. These data were
rarely available in the included stud-
ies and while a more detailed analysis
comparing regions would be informa-
tive in determining which factors within
Africa influence ART adherence, it

�References 54, 57-60, 63-65, 67, 68, 70, 73-76, 84.

Figure 3. Pooled Proportion of Patients in African Studies Adhering to Antiretroviral Therapy

No. Adherent/
Total No.

207/304
38/44

142/263
51/58
52/60

175/278
58/66
59/109
92/176

593/689
38/50

139/270
25/28
42/53

168/192
148/304
57/74

134/141
52/76

519/530
97/100
90/95

3908/7812
125/150
65/84
30/30

24/80

Country

Uganda
Nigeria
Nigeria
Senegal
Cameroon
South Africa
South Africa
Botswana
Malawi

Nigeria
South Africa
Burkina Faso and Mali
Uganda
Nigeria
South Africa
Cote D’Ivoire
South Africa
Malawi
Uganda
Uganda
Uganda
Rwanda
South Africa
Tanzania
Uganda
Democratic Republic
of Congo

Burkina Faso

Proportion Adherent
(95% CI)

0.68 (0.63-0.73)
0.86 (0.73-0.95)
0.54 (0.48-0.60)
0.88 (0.77-0.95)
0.87 (0.75-0.94)
0.63 (0.57-0.69)
0.88 (0.78-0.95)
0.54 (0.44-0.64)
0.52 (0.45-0.60)

0.86 (0.83-0.89)
0.76 (0.62-0.87)
0.51 (0.45-0.58)
0.89 (0.72-0.98)
0.79 (0.66-0.89)
0.88 (0.82-0.92)
0.49 (0.43-0.54)
0.77 (0.66-0.86)
0.95 (0.90-0.98)
0.68 (0.57-0.79)
0.98 (0.96-0.99)
0.97 (0.91-0.99)
0.95 (0.88-0.98)
0.50 (0.49-0.51)
0.83 (0.76-0.89)
0.77 (0.67-0.86)
1.00 (0.88-1.00)

0.30 (0.20-0.41)

0.77 (0.68-0.85)

0 0.2 0.4 0.6 0.8 1.0

Proportion Maintaining Adherence (95% CI)

Source

Full-Text Articles

Byakika-Tusiime et al,57 2005
Idigbe et al,55 2005
IIiyasu et al,56 2005
Laurent et al,58 2002
Laurent et al,59 2004
Orrell et al,53 2003
Nachega et al,54 2004
Weiser et al,60 2003
van Oosterhout et al,61 2005

Adedayo et al,62 2005
Brown et al,64 2004
Boileu et al,77 2005
Byakika et al,69 2005
Daniel et al,63 2004
Darder et al,67 2004
Eholie et al,78 2004
Ferris et al,65 2004
Hosseinipour et al,73 2004
Karcher et al,68 2004
Muganzi et al,70 2004
Okongo et al,71 2004
Omes et al,74 2004
Nachega et al,66 2005
Ramadhani,79 2006
Shihab et al,72 2004
Tu et al,75 2004

Traore et al,76 2004

Combined

Abstracts

Size of data markers is proportional to sample size. The combined data marker indicates the DerSimmonian-Laird combined proportion of all African studies. CI indi-
cates confidence interval.
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would not change the primary finding
that treatment programs in Africa have
thus far had relatively high levels of ad-
herence even accounting for this het-
erogeneity.

Recognizing these limitations, the
consistent difference of ART adher-
ence in North America and Africa raises
the question as to why early opinions
may have underestimated adherence
among Africans. This sentiment was ex-
pressed at high levels of international
agency decision making.85 Reports in-
dicate that individuals living in pov-
erty in North America had suboptimal
adherence in the range of 56% to
67%.86,87 These data may have been in-
terpreted to mean that poverty is a risk
factor for incomplete adherence and
that individuals living in extreme pov-
erty would then have lower levels of ad-
herence. The barriers to adherence
among impoverished individuals in
North America appear, however, to be
due to poor patient-clinician relation-
ships, untreated depression, sub-
stance abuse, and other factors that are
common among poor individuals in the
North American setting rather than
poverty itself.5 It appears that the in-
teractions between such factors and
ART adherence in Africa may be quite
different. Specific factors that can cor-
relate with poverty are at play in re-
duced adherence and poverty itself is
not the only determinant.

To date, the most important and
prevalent factors that have been re-
ported to negatively affect adherence in
sub-Saharan Africa are cost,54,59,88,89 not
disclosing HIV status to a loved one or
fear of being stigmatized,54,60 alcohol
abuse,90 and difficulty in following com-
plex drug regimens.59,91 Studies report
that the majority of patients receiving
ART have disclosed their HIV status to
family or friends92,93 and that those who
have not appear to do worse with
therapy.54,60 Such patients are likely to
have frequent treatment interruptions
due to the fact that tablets must be hid-
den and therefore not taken in the pres-
ence of others. Encouraging voluntary
HIV status disclosure in a community
with access to ART may result in im-

proved uptake of voluntary counseling
and testing, help decrease the stigma,
and improve adherence.

The findings of this analysis have
implications for clinicians in both con-
tinents. We have shown that there are
patients in both settings that have sub-
optimal adherence and that factors
beyond poverty play an important role.
Clinicians should therefore proac-
tively inquire with patients about cur-

rent barriers or facilitators of adher-
ence to HIV medications. We have
previously identified that important
barriers to ART adherence in both the
developed and developing world
included forgetfulness, a lack of under-
standing of treatment benefits, sever-
ity of adverse events, and the level of
complexity of the drug regimen.90

Although the success of interventions
to improve adherence is modest to

Table 3. Pooled Adherence Rates Across Thresholds for North American and African Studies

No. of
Studies
Pooled

Summary
Proportion, %

(95% CI)* I2, % P Value†

Adequate adherence for full-text articles only
North America 28 57 (49-64) 98.9

Africa 9 71 (62-79) 91.6
.02

Adequate adherence for full-text articles
and abstracts

North America 31 55 (49-62) 98.6

Africa 27 77 (68-85) 98.4
�.001

Adequate adherence for abstracts only
North America 3 57 (54-60) 4.3

Africa 18 80 (68-89) 98.9
�.001

100% Adherence
North America 15 56 (49-63) 95.8

Africa 11 76 (62-87) 96.7
.004

�95% Adherence
North America 9 55 (45-65) 96.7

Africa 9 82 (73-90) 96.3
�.001

�90% Adherence
North America 4 63 (54-70) 90.9

Africa 2 56 (42-69) 91.6
.41

�80% Adherence
North America 3 45 (22-70) 97.9

Africa 3 75 (44-96) 97.1
.15

�1 Adherence measure
North America 5 65 (55-75) 95.8

Africa 5 91 (72-100) 97.0
.003

Abbreviation: CI, confidence interval.
*All summary proportions use a random-effects pooled model.
†A z test of the pooled estimate was used to test for differences between continents.

Table 4. Multivariable Random-Effects Logistic Regression*

Variable Coefficient (95% CI) OR (95% CI) P Value

Africa 0.91 (0.64 to 1.19) 2.5 (1.9 to 3.3) �.001

100% Adherence 0.85 (0.16 to 1.54) 2.3 (1.2 to 4.7) .02

�95% Adherence 0.94 (0.26 to 1.63) 2.6 (1.3 to 5.1) .006

�90% Adherence 0.90 (−0.13 to 1.94) 2.5 (0.9 to 7.0) .87

�1 Adherence measure 0.68 (0.29 to 1.08) 2.0 (1.3 to 2.9) .001

Clinic setting 0.37 (−0.09 to 0.85) 1.5 (0.9 to 2.3) .12

Paying for treatment 0.19 (−0.05 to 0.45) 1.2 (0.9 to 1.6) .13

Loss to follow-up −0.41 (−0.66 to 0.16) 0.7 (0.3 to 1.4) .10

MEMS −1.00 (−1.93 to −0.08) 0.4 (0.2 to 0.7) .03
Abbreviations: CI, confidence interval; MEMS, Medication Event Monitoring System; OR, odds ratio.
*A priori defined covariates were used. Four abstracts65,67,71,77 included in the analyses were missing data (3 on loss to

follow-up and 4 on payment of ART).
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date,94 the use of patient-directed inter-
ventions and innovative reminder sys-
tems may be desirable for some patients.

Although the World Health Organi-
zation’s “3 by 5” initiative aims to in-
crease access to ART throughout sub-
Saharan Africa, the goal is far from being
achieved. In all of the sub-Saharan Af-
rican countries included in our analy-
ses, estimates of access to ART remain
severely limited. For example, the
World Health Organization estimates
indicate that as of June 2005, the pro-
portion of patients requiring urgent ac-
cess to ART and currently receiving
therapy was 56% in Botswana, 10% in
Burkina Faso, 15.8% in Cameroon,
5.4% in Cote d’Ivoire, 3.2% in the
Democratic Republic of Congo, 13.6%
in Malawi, 8% in Nigeria, 26.5% in
Rwanda, 12.5% in South Africa, 3.2%
in Tanzania, and 56% in Uganda.95,96

Given the apparent relatively high
level of ART adherence in Africa, one of
the most controversial program com-
ponents in developing countries is
whether there is a need for intensive
interventions such as directly observed
therapy of ART (DOT-ART). Through
observation of a patient actually taking
a dose, by a close family member or
friend to whom the patient has volun-
tarily disclosed their HIV status, DOT-
ARTisproposedto influencepatientout-
comes. Indeed, in settings with high HIV
status disclosure rates, community-
based DOT-ART with a patient-
nominated treatment accompagnateur or
supporter97-99 hasbeenreported tobe fea-
sible and helps to improve or maintain
high levels of ART adherence. How-
ever, because patient outcomes may be
confounded by a constellation of ser-
vices provided by the program, com-
munity support, or other factors, the
effectiveness of community-based DOT-
ART still needs to be confirmed in well-
conducted randomized trials, which are
under way in several African countries.
Alternatively, long-term, clinic-based
DOT-ART is not likely to be feasible due
to the lifelong nature of HIV treatment
andlongtransportationdistances inrural
settings. Patients who do not disclose
their HIV status due to fear of stigma,

discrimination, or violence will need
other adapted and culturally sensitive
innovative adherence support if they
prove to be poorly adherent to ART.

The findings of this analysis have im-
portant policy implications. First, the
expectation of poor adherence in Africa
is not an evidence-based rationale for
delaying the expansion of ART pro-
grams in resource-poor settings. Sec-
ond, given the average relatively high
levels of adherence in resource-poor set-
tings documented in this analysis, the
focus (or priority) must now be to
maintain these ART adherence rates by
increasing access to affordable ART and
establishing reliable drug supply and
distribution networks from the phar-
macy to the individual patient. Third,
understanding culturally specific bar-
riers to adherence will be important in
developing evidence-based interven-
tions targeted at the individuals with
poor ART adherence.

HIV/AIDS is the most difficult pub-
lic health challenge the world cur-
rently faces. However, adherence to
ART in Africa may not be the chal-
lenge that many predicted. Policies de-
signed to combat this pandemic must
be based on sound and timely evi-
dence. Formulating policies based on
assumptions, without seeking evi-
dence, may leave millions of individu-
als without effective interventions.
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