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Abstract. Non-adherence as a major contributor to poor treatment outcomes. This study aimed to explore the
effectiveness of existing interventions promoting adherence to antimalarial drugs by systematic review. The following
databases were used to identify potential articles: MEDLINE, EMBASE, the Cochrane CENTRAL, and CINAHL
(through March 2013). From 1,813 potential papers identified, 16 studies met the selection criteria comprising 9,247
patients. Interventions were classified as packaging aids, visual media, combined visual media and verbal information,
community education, medication supervision, and convenient regimen. These interventions were shown to increase
adherence to antimalarial drugs (median relative risk = 1.4, interquartile range 1.2–2.0). Although a most effective
intervention did not emerge, community education and visual media/verbal information combinations may well have
most potential to improve adherence to antimalarial medication. These interventions should be implemented in combi-
nation to optimize their beneficial effects. The current understanding on improved adherence would facilitate to contain
outbreaks of malaria cost effectively.

INTRODUCTION

Malaria is a major public health problem in tropical
countries with 300 to 500 million clinical cases globally,
thus imposing an economic burden, particularly in coun-
tries with high transmission rates.1,2 The effective control and
treatment of malaria remains a challenge and the World
Health Organization (WHO) suggested that rapid treat-
ment with antimalarials is necessary.3 Ample evidence has
shown that adherence is one of the most important factors
that contributes to controlling outbreaks of the disease.3–5

Poor adherence jeopardizes antimalarial effectiveness and
control of malarial transmission.
Current evidence suggests that poor to moderate adherence

is common in malarial treatment in the community6–9; an
effective approach is therefore essential to address this prob-
lem. To date, several interventions aiming to promote adher-
ence have been developed and implemented in endemic areas
where poor adherence was observed. Understanding the rela-
tive effectiveness of each type of intervention could thus help
to formulate clear guidelines that improve adherence to med-
ication. A previous systematic review had tried to illustrate
such information and found that interventions focusing on
carers, behavior, user-friendly packaging, and provision of
correct dosage improved adherence to antimalarial drugs.10

Although this review gave an inclusive outline of the available
effective interventions, it was dated back in 2005 and did not
adequately provide an overview of the quality of the included
studies. Furthermore, designs of the studies included in the
previous review were varied and not limited to intervention
studies. Considering the previous shortcomings and the grow-
ing number of published literature, an update focusing on the
current evidence for the role of interventions that promote
adherence to antimalarial drugs is needed. This will provide
an informative review for healthcare practitioners and
policymakers to deliver effective antimalarial treatment using
efficacious interventions. To this end, we aimed to explore the

relative effectiveness of existing interventions to improve
antimalarial drug adherence.

METHODS

This systematic review was conducted according to the
Cochrane Collaboration framework and the reporting
followed the PRISMA Statement.11,12

Search strategy. The following bibliographic databases were
systematically searched since their inception dates to March
2013: MEDLINE, Excerpta Medica Database (EMBASE),
Cumulative Index to Nursing and Allied Health Literature
(CINAHL), and Cochrane CENTRAL. The search terms:
antimalarial, compliance or adherence, and malaria were used.
Authors of the potential papers were contacted where neces-
sary to clarify missing or incomplete data. We identified all
relevant studies regardless of language.
Study selection. Full papers of potentially relevant studies

were checked for eligibility to the inclusion criteria by three
authors (AF, TD, and CK). Disagreements were resolved
through discussion and consensus.
Inclusion criteria. Original comparative studies investigat-

ing the effectiveness of any intervention that aimed to
improve adherence to antimalarial drugs were included in this
review if they were conducted on outpatients with uncompli-
cated malaria and provided sufficient data for calculating the
rate of adherence to antimalarial drugs.
Data extraction. The participants, study design, type of inter-

vention, adherence rates to antimalarial drugs, and cure rates
for each type of intervention were extracted by two reviewers
(TD, AF). Rates of adherence and clinical efficacy were
presented as number of patients on an intention to treat basis.
Assessment of study quality. We assessed risk of bias in

studies using a standard method, the Cochrane Collaboration
Tool for Assessing Risk of Bias in Studies.13 The following
six domains were assessed: 1) random sequence generation,
2) allocation concealment, 3) blinding of patients, personnel,
and outcome assessors, 4) missing data, 5) lack of bias or
elective outcome reporting, and 6) other sources of bias. A
Jadad score was also applied to assess the methodological
quality of controlled clinical trials.14
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Outcome measures and analytical strategy. The primary
outcome was the prevalence of adherence, calculated by the
number of patients who adhered to antimalarial drugs and
divided by the total number of patients prescribed antimalar-
ial drugs. We performed the calculation of adherence rate for
all intervention types (i.e., packaging aids, visual media, com-
bined approach of visual media and verbal information, com-
munity education, medication supervision and convenient
regimen). Sensitivity analysis examined the impact of promot-
ing interventions on adherence rate. The Cochran-Mantel-
Haenszel method was performed to test for heterogeneity15

and P < 0.10 was considered evidence of heterogeneity15,16;
the degree of between-study heterogeneity was assessed using
c2 and I2 tests to determine whether it was appropriate to
compute a meta-analytic summary estimate. An I2 of 25%,
50%, and 75% indicates low, medium, and high heterogene-
ity, respectively15; if there was a significant heterogeneity
between studies, the results across these studies were summa-
rized using the median and interquartile range (IQR). The
software used to perform all statistical analyses was STATA
version 10.0 (StataCorp LP, College Station, TX).

RESULTS

Search results.Out of the 1,813 potential articles, 16 fulfilled
the inclusion criteria (Figure 1)17–32 and comprised a total of
9,247 patients. Of these, two studies included two different

interventions.18,22 Studies were published from 1998 to 2011.
Ten studies (62.5%) were undertaken in Africa20–26,29,31,32 and
the remainder were set in Asia.17–19,27,28,30 All the studies
were based in the public healthcare sectors (12 in a hos-
pital17,19–22,24–31 and 4 in a community setting)18,23,25,32

but one study also included a group from the private sec-
tor.32 Eight studies (50.0%) investigated the impact of adher-
ence promoting intervention on children or their mothers/
caregivers.20,22,23,25,26,29,31,32 The other studies enrolled adults
or patients at all ages.17–19,21,24,27,28,30 In 14 studies (87.5%),
the patients were infected with falciparum malaria18–29,31,32

and the remaining studies used patients with vivax malaria.17,30

Six studies (37.5%) used chloroquine,20–25 five studies (31.2%)
used artemisinin-based combination therapy (ACT).26,28,29,31,32

Other antimalarials were artemisinin monotherapy,19

sulphadoxine-pyrimethamine,29 quinine,26 quinine plus tet-
racycline,18,19 chloroquine plus sulphadoxine-pyrimethamine,27

and chlorproguanil-dapsone.31 The therapeutic regimens for
both studies on vivax malaria were chloroquine followed
by primaquine.17,30

The majority of studies (13 studies; 81.3%) were ran-
domized controlled trials (RCTs).17,19–23,26–32 Twelve stud-
ies (75.0%)19–24,26–30,32 provided a definition of adherence
(as defined in Table 1) although these definitions and the
methods used to assess adherence varied between studies.
Remaining drug count was the main technique used to assess
adherence.18–26,28,29,31 The other methods used were inter-
view,18–21,25,27,30–32 questionnaire or self-report,6,17,21–24,26,28

and drug concentration monitoring.17

Quality assessment of included studies. The quality of study
design and reporting was defined as low. Thirteen controlled
trials were assessed for sources of bias using the Cochrane
Collaboration Tool for Assessing Risk of Bias Studies and
the methodological quality of controlled clinical trials using
the Jadad score. Ten studies were mentioned for random-
ization however there was insufficient information about
sequence generation or allocation concealment.17,19–23,27,29,30,32

None of the studies were described as double blinded. Incom-
plete outcome data were not addressed in four studies17,21,23,30;
all studies were free of selective outcome reporting but other
sources of bias were unclear, and thus there was a risk of bias.
The Jadad scores for the studies reviewed ranged from 1 to 3
and were mainly associated with inadequate concealment of
allocation and absence of blinding. Only six studies calculated
sample size based on adherence outcomes17–20,23,25 and three of
these had patients as planned.17,18,20

Heterogeneity of the included studies. Heterogeneity test-
ing showed that data from all 16 studies were not homogeneous
(c2 340.36; degrees of freedom [df] 18; P < 0.001; I2 94.7%).
Analysis by type of intervention also showed high heterogene-
ity among studies in the same intervention groups.
Effect of different interventions to adherence rate. The

interventions used to promote adherence to antimalarial med-
ication can be classified into six main groups: 1) packaging aids
(5 studies),17,20,21,25,27 2) visual media (1 study),22 3) combined
approaches of visual media and verbal information (2 stud-
ies),22,24 4) community education (3 studies),18,23,32 5) medica-
tion supervision (2 studies),28,30 and 6) convenient regimens,
i.e., once daily medication regimen (2 studies)29,31 or a shorter
duration of treatment (2 studies).19,26 The median relative risk
(RR) for adherence across 16 studies was 1.4 (IQR 1.2–2.0)
compared with no intervention.Figure 1. Flow of the included studies.
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(1) Packaging aids: Prepackaging or blister packs were clas-
sified as packaging aids. The adherence rate following the use
of packaging aids among the four studies in falciparum
malaria ranged from 66.7% to 91.0%, with corresponding
median of RR 1.4, IQR 1.1–1.9.17,20,21,27 One of these four
studies failed to detect any effect of packaging on adherence
to antimalarial drugs in 168 primary school patients.25 In con-
trast, two RCTs for chloroquine regimen (prepackaged syrup
or tablets) consistently showed a greater adherence rate in
patients receiving prepackaging medications compared with
bulk package (Table 1).20,21 The remaining study on
falciparum malaria also showed that prepackaging of chloro-
quine plus sulphadoxine-pyrimethamine showed a possible
trend toward better adherence compared with the control
group.27 The only study that investigated the adherence on
vivax malaria also showed that blister packaging exhibited a
greater adherence to primaquine or chloroquine treatment.17

(2) Visual media: A pictorial insert without verbal instruc-
tion increased the adherence rate when guardians adminis-
tered chloroquine syrup to children compared with group
(51.9% versus 36.5%, P < 0.001).22 There was no study of
visual media intervention in adults.
(3) Combined visual media and verbal information: Two

studies used both visual media and verbal information22,24

where the median RR favoring the intervention was 1.7
(IQR 1.4–2.0). Pictorial insert plus verbal instruction
exhibited a greater adherence rate when mothers adminis-
tered chloroquine syrup to their children compared with no
such intervention (73.3% versus 36.5%, P < 0.001), although
the visual aid alone also improved adherence (73.3% versus
51.9%, P < 0.001).22 This accords with the study of Agyepong
and others24 who found that the adherence rate (defined as
minimally effective daily dose) in outpatients who received
information combined with antimalarial drug labeling (picto-
rial or writing) increased from 52.7% to 72.3%.
(4) Community education: Three studies explored the

impact of education in the community setting18,23,32 and the
median RR of 2.7 (IQR 1.7–22.4) favored adherence. A video
plus posters, delivered to villagers in Cambodia also improved
adherence to antimalarial drugs from 0.5% to 20.4% (P <
0.001), whereas the poster alone failed to have any impact (P >
0.05) in a 7-day course of quinine plus tetracycline.18 Winch and
others23 ran training courses on the diagnosis and treatment of
malaria to the persons managing the drug kits. These village
managers of the drug kits subsequently counseled parents on
the administration method of chloroquine. This intervention
substantially increased the adherence rate to chloroquine from
21.6% to 71.7%. Kangwana and others32 also showed that the
provision of subsidized packs of pediatric ACT to retail outlets,
training of retail staff and community awareness activities
improved antimalarial adherence from 49.4% to 66.5%.
(5) Medication supervision: Two RCTs, one on falciparum

and one on vivax malaria, using supervised dosing or directly
observed treatment (DOT), showed a high adherence rate to
antimalarial medication.28,30 In a study on falciparum malaria,
the adherence rate in the non-directly observed treatment
(non-DOT) group was high (149 of 160; 93.1%), although
statistical testing comparing to DOT was not reported.28

Another study undertaken on vivax malaria found that DOT
achieved a 100% adherence rate during a 14-day primaquine
treatment, which is higher than the self-administration
group (80.4%).30

(6) Convenient regimen: The treatment regimen was either
as i) once daily dosing or ii) short treatment duration.

(ii) Once daily dosing: Two RCTs explored the impact of
once daily dosing on adherence to antimalarial medica-
tion and showed a median RR 1.2 (IQR 1.1–1.4).29,31

Dunyo and others31 carried out an RCT where once daily
chlorproguanil-dapsone showed a superior adherence
rate compared with a twice daily artemether-lumefantrine
regimes. This accords with Faucher and others29 who
also showed a better adherence rate for once daily
artesunate-amodiaquine (ASAQ) versus artemether-
lumefantrine twice daily also among children.

(ii) Short duration of treatment: The two studies investigated
the effect of duration of treatment and a shorter medica-
tion period showed better adherence: median RR 1.6
(IQR 1.2–2.0).19,26 Adherence was also much improved in
the Achan and others26 study where patients underwent a
3-day course of artemether plus lumefantrine (79.8%
adherence) were compared with those treated with quinine
for 7 days (39.5%). However, Fungladda and others19 in a
RCT showed no difference in adherence rate when com-
paring a 7-day quinine plus tetracycline to 5 days of
artesunate (P > 0.05).

Effect of adherence promoting interventions on treatment
outcomes. In addition to adherence, treatment efficacy was
also measured in 10 studies on the following interventions:
packaging aids (2 studies),20,27 visual media (1 study),22 com-
bined approach of visual media and verbal information
(1 study),22 medication supervision (2 studies),28,30 and conve-
nient regimen (4 studies).19,26,29,31 Various types of treatment
outcomes (e.g., cure rate, adequate clinical and parasitologi-
cal response rate, reappearance rate, clinical failure rate)
were investigated among these studies. Although most
studies showed improvement in adherence rate after inter-
vention, the positive impact on treatment outcomes was not
observed.17,18,21,23–25,32 Only DOT over 14 days of treatment
of vivax malaria showed a significant reduction in reap-
pearance rate compared with non-DOT.30

DISCUSSION

The present review evaluated a group of different inter-
ventions designed to promote adherence to antimalarial
medications and teasing out the relative importance of each
interventions in a new perspective. Our findings suggested
that a combined approach of visual media and verbal infor-
mation and community education are potential interventions
to improve adherence to antimalarial drugs. These results are
consistent with those of other studies and suggest that multi-
faceted interventions featuring interactive education and
training have been shown to help promote adherence across
a variety of conditions33; this thorough review of the current
evidence is useful to accommodate WHO treatment guide-
lines in enhancing adherence to antimalarial medication.
Neither visual media nor verbal information alone were suf-

ficient to promote adherence to antimalarial drugs however,
when combined, an improved adherence among children who
were dosed by caregivers is noteworthy.22,24 This review pro-
duced results that corroborate the findings from previous
work, which explored the use of combination interventions to

16 FUANGCHAN AND OTHERS



promote adherence.34,35 Community education (i.e., training of
drug kit managers, shopkeepers, retailers, or other dispensers,
and promoting public awareness) could increase the under-
standing of malaria treatment and indirectly improve patient’s
adherence to antimalarial drugs.18,23,32 There were various
educational techniques used for promoting adherence to anti-
malarials. Acceptability or popularity among the patients, fea-
sibility, and the role of responsible healthcare workers should
be taken into account as factors for selection of an appropriate
educational technique. For example, video parlors were used
to educate community members in Cambodia where it is a very
popular medium,18 whereas managers of village drug-kits were
well established in southern Mali and therefore were used to
educate parents or caregivers of patients with malaria.23

Findings from the included studies on convenient medica-
tion regimens were insufficient to conclude that such inter-
ventions are effective in improving adherence to antimalarial
medications. This is because the once daily dosing regimen of
ACT and short treatment duration seem to demonstrate a
better benefit in improving adherence in only some of the
studies reviewed.29,31 Another drawback in interpreting find-
ings in this type of intervention was caused by the minimal
validity of the included studies.19,26,29,31 This is because the
studies were not randomized into two equal groups and
employment of two different antimalarial drugs. This was
deemed as a major confounder to the outcomes observed as
those who received older medications (e.g., chloroquine, qui-
nine plus tetracycline) may not adhere well to their medica-
tion of the lower efficacies and more numerous side effects,
whereas patients on new treatments (e.g., ACTs) were more
likely to complete the treatment course.19 The positive impact
of convenient regimen should therefore be interpreted as a
combined influence of the antimalarial drug itself and its fre-
quency of administration.
Packaging aids and medication supervision may improve

adherence to antimalarial drugs; although the effect remains
inconclusive. Afenyadu and others25 showed no difference in
adherence rate between patients receiving pre-packaged and
non-prepackaged chloroquine. However, this study seemed
underpowered to detect differences between the groups. In
contrast, results from three other RCT studies showed that
packaging aids improved patient adherence to antimalarial
drugs, which was consistent with the previous review.10 Like-
wise, studies evaluating the impact of medication supervision
on adherence provided mixed results. A study of 320 patients
in Bangladesh exhibited a high adherence rate in the non-
DOT group28; the authors of this study suggested that a
DOT-like approach of drug delivery may not be necessary.
However, selection bias was observed in this study because
patients who tended to adhere to the medication, indicated
by the ability to attend follow-up visits, were included in
the study, whereas those unable to attend follow-up visits
were excluded.
In addition to the adherence-promoting interventions iden-

tified in this review, mobile phone short message service
(SMS) may be an alternative intervention to improve antima-
larial drugs adherence. A review by Fjeldsoe and others36 on
the use of SMS text messaging for behavior change among
patients in clinical care and for clients in preventive health
behaviors interventions found participant retention ranging
from 43% to 100% and a great variability in acceptance and
compliance with the SMS programs. Furthermore, a study in

Thailand showed that the mobile phone-based case follow-up
rate was higher than previous paper-based case follow-up,
and adherence to antimalarials was 94% for Plasmodium

falciparum-infected patients and 42.6% for Plasmodium vivax
cases.37 However, comparative studies are needed to confirm
the benefit of SMS text messaging to patient adherence to
antimalarial drugs.
The strength of our study is that we have used extended

databases and a timeline beyond the previous systematic
review,10 which allowed us to include an additional nine com-
parative studies.23,25–32 Considering the information from
these recent studies, an additional intervention, i.e., conve-
nient dosing regimen, has been identified and described.10

Standard assessment tools (i.e., the Cochrane Collaboration
Tool for Assessing Risk of Bias in Studies and Jadad score)
were also used to assess the methodology of the included
studies. This allows the reader to justify quality of the study
available in this area.
Despite the vigorous bibliographic search of relevant pub-

lications, the high heterogeneity precluded a meta-analysis for
different intervention types. Possible causes of heterogeneity
were diversities in study design, intervention approach, com-
parators, treatment regimes, treatment duration, and methods
to evaluate adherence to antimalarial drugs. This heterogene-
ity is a common problem found in systematic reviews includ-
ing those studying medication adherences in other types of
treatment, such as cardiovascular drugs.38,39 In addition, this
was also reflected in the wide variation in baseline adherence
rates between different studies. There was no readily identi-
fiable cause for this but the national setting, epoch of the
study, antimalarial regimen, general educational level, medi-
cal policies (including how the drugs are paid for), and con-
current treatments probably all made contributions to this
immense disparity.
The definitions for adherence were only described in a small

proportion of the studies and they were various. The rate of
adherence to antimalarial drugs presented in this review is,
therefore, not uniformly defined throughout the different
included studies nor is the methodology used to assess adher-
ence. Basically, it should clearly state the number of doses
consumed and their frequency, size, and the treatment dura-
tion. Like many diseases, defining what constitutes adequate
medication adherence is a complex issue. A working general
definition of adequate adherence in clinical practice is the
minimum level of adherence required for each person to
achieve adequate treatment response and avoid relapse that
is mutually agreed upon by patient and healthcare profes-
sionals. Although, there is no clear consensus at this time on
which cutoff to use and the choice may depend on the specific
aims of each study. Future studies should tailor a categorical
definition using evidence-based treatment parameters, for
examples, by adding a minimally effective dose to the percent
use over time or to a minimal duration of treatment. Defini-
tion of adequate adherence should also take into account the
possibility of excessive use of medication, or overdosing.
Measurement of medication adherence remains a challenge

in routine practice and the research field. Although electronic
pill boxes have been suggested as an appropriate approach to
evaluate adherence to medication,40 they have their own prob-
lems and being too expensive in regions where malaria is
endemic. Because all adherence measures have strengths and
weaknesses, it is generally recommended that investigations
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combine two or more potentially complementary measures of
adherence. Selection of the approach in evaluating adher-
ence should depend on the type of adherence, intervention
target, nature of research, and the treatment being investi-
gated. Minimally, adherence studies should follow CONSORT
guidelines41; these may help researchers to improve their mea-
surement of adherence in drug effectiveness studies.
Additional factors that are likely to have an impact on the

findings of this review include: inadequacy in prescribing and
dispensing antimalarials by health professionals, accessibility
to healthcare facilities, and out-of-pocket payment for the
treatment. Another confounding factor affecting the adher-
ence to medication was the particular antimalarial compound
per se, as previously mentioned. These factors were not well
addressed or clarified in the studies reviewed and therefore
need to be considered in future research work to fulfill the
existing deficiencies.
The small number of studies in each intervention group may

also lead to overinterpretation of the results. Although sample
size calculations were conducted in six studies,17–20,23,25 only
three stated the number of subjects to detect a genuine effect.
It is suggested that matching the test intervention to a three-
tier model (e.g., the intervention is targeted to either 1) the
whole study population [universal], 2) patients at risk for
nonadherence [selected], or 3) those nonadherent [indicated])
has the potential to improve the effect sizes of such adherence
studies, and help in providing a structure that facilitates the
dissemination and implementation in real world settings.42 It
should also be noted that none of the studies reviewed were
conducted at a national level. Results from these small-scale
studies may only be valid in certain areas or communities and
may not be able to be extrapolated unless supported by coun-
trywide studies. Considering the wide range of current antima-
larial drugs, we recommend that further adherence-promoting
intervention studies should also extend to other recommended
antimalarial regimens (e.g., artesunate-mefloquine [ASMQ]
and dihydroartemisinin-piperaquine [DHAPQ]) or different
preparations (e.g., suppository).
Most of the available studies were at an unclear risk of bias

and had low Jadad scores caused by poor details on the ran-
domization method or nondisclosure of the method used for
sequence generation or allocation sequence. However, some
criteria may not apply to certain interventions (e.g., behavior
change interventions). For example, almost all of the studies
reviewed, most notably the failed “blinding” criterion because
of practical difficulties to blind both patients and most of the
researchers17–32; although, these types of intervention studies
are not amenable to double blinding, there was no informa-
tion about how interactions between the control and interven-
tion groups were minimized.
Poor adherence continues to be a major problem in malar-

ial treatment. Although some single interventions (such as
short-course treatment regimen and user-friendly packaging)
were adopted in routine practice, more than one potential
intervention should be added on top of the existing ones to
summate their beneficial effects in the real world. Further
studies should also explore whether those described interven-
tions are actually implemented in routine treatment contexts.
This systematic review implies that community education and
a visual media/verbal information combination will be of major
benefit to adherence thus augmenting the cost-effectiveness of
malarial containment.
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