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Background: The benefits of integrated control of malaria, schistosomiasis, and soil-transmitted helminth
infections have not been fully explored in Ghanaian schoolchildren.

Objective: To assess the impact of co-administered artemether-lumefantrine plus albendazole, and artemether-
lumefantrine plus albendazole plus praziquantel compared to albendazole plus praziquantel on anaemia,
sustained attention, and recall in schoolchildren.

Design: This three-arm, open-label intervention study was carried out in Ghana among class three
schoolchildren. Artemether-lumefantrine and albendazole were co-administered to 131 schoolchildren in
Study Arm 1; artemether-lumefantrine, albendazole, and praziquantel to 90 children in Study Arm 2 versus
albendazole and praziquantel to 127 children in Control Arm 3. Medicines were administered to all children at
least 30 min after a meal. A HemoCue® photometer was used to measure haemoglobin (Hb), while the code
transmission test (CTT), adapted from the Test of Everyday Attention for Children (TEA-Ch), was used to
measure sustained attention and recall before-and-after interventions in June 2011 and June 2012.

Results: We observed significant malaria parasite prevalence reductions of 62.8 and 59.2% in Study Arm 1 from 24.2
to 9.0%, p <0.01, and 59.2% in Study Arm 2 from 26.7 to 10.9%, p <0.01), respectively, compared to 8.93% in
Control Arm 3 (from 34.7 to 31.6%, p >0.05). Meanwhile, anaemia prevalence reduced significantly (»p <0.01) in all
three study arms after interventions by 38.4% (from 19.8 to 12.2%), 20.7% (from 26.6 to 21.1%), and 36.0% (from
28.3 to 18.1%) in Study Arms 1, 2, and 3, respectively. Although the interventions had no significant effects on Hb
levels, anaemia prevalence reduced insignificantly by 38.4 and 20.7% in Study Arms 1 and 2, respectively, compared
to 36.0% in Control Arm 3. Among schoolchildren in Study Arms 1 and 2, mean CTT score improved significantly
after interventions by 10.4% (from 3.18 to 3.55, p =0.01) and 20.5% (from 2.83 to 3.56, p =0.01) respectively,
compared to 5.75% in Control Arm 3 (from 2.95 to 3.13, p =0.09). Likewise, mean recall test score improvements
after interventions were 16.9% (from 2.07 to 2.49, p =0.01) and 27.9% (from 1.91 to 2.65, p =0.01) in Study Arms 1
and 2, respectively, compared to 18.3% (from 1.92 to 2.35, p =0.01) in Control Arm 3.

Conclusion: Combined intermittent preventive treatment of malaria and deworming reduced prevalence of
anaemia and improved sustained attention and recall in schoolchildren. Best results for sustained attention
and recall were seen in Study Arm 2.
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Introduction

Malaria is a major public health challenge in sub-Saharan
Africa, is associated with high morbidity and mortality,
and affects economic growth and development (1, 2).
However, school-age children, who are most susceptible to
schistosomiasis and soil-transmitted helminth (STH)
infections, tend to harbour malaria parasites without
symptoms in high malaria transmission regions (3-5).
Repeated attacks of uncomplicated malaria and chronic
asymptomatic malaria parasitaemia in school-age chil-
dren are common and may result in anaemia, stunting,
school absenteeism, and reduced cognitive abilities in
schoolchildren in high transmission regions (5, 6). Yet,
many malaria control programmes in sub-Saharan Africa
lack policy and guidelines on how asymptomatic malaria
should be dealt with in the most at-risk group: school-
children. Although the targeted population in the World
Health Organization’s (WHO) strategies and guidelines
for the control of schistosomiasis and STHs through
chemotherapy is school-age children (3, 4, 7), the global
malaria chemoprevention strategy targets pregnant wo-
men and children under the age of 5 years (1). Tackling
asymptomatic malaria parasitaemia in school-age chil-
dren is not only right, appropriate, and ethical, but also
relevant in the light of global plans to attain malaria
elimination and eradication (2, 5, 6, 8).

Intermittent preventive treatment (IPT) of malaria was
proposed as one of the strategies schools and health
managers in high malaria transmission regions could use
to deal with uncomplicated and asymptomatic malaria in
schoolchildren (2, 5, 6, 9). IPT is the term used to describe
the administration of a full curative dose of an antimalarial
to a selected, target population at specified times without
determining whether or not the subjects are infected
(9). Previous studies have shown that an IPT programme
in schools benefits schoolchildren’s health and learning
capability (9-12), and artemisinin-based combination
therapy (ACT) has been used successfully for IPT in
malaria endemic countries such as Mali, Uganda, and
Ghana (13-15). Moreover, previous studies have shown
that when an ACT is used in an IPT programme in an area
where malaria and schistosomiasis coexist, the added
benefit of schistosomiasis control could be derived
(16, 17). However, these findings have not been fully
translated into policy to benefit children across sub-
Saharan Africa, even though there could be positive results
integrating the control of neglected parasitic diseases and
malaria (18-21).

In Ghana, most disease control activities implemented
by the Ghana Health Service (GHS), including neglected
tropical diseases (NTDs), malaria, HIV/AIDS, and tuber-
culosis, are donor-funded and run as vertical programmes.
Even though they are associated with successes, most
vertical control programmes are known to incorporate
donor interests and dictates and political economics. Apart

from addressing some aspects of the specific disease entity,
they rarely lead to the strengthening of health systems and
have been associated with health system fragmentation and
disruption of health services (18, 22-24).

Following attainment of lower middle income status,
Ghana has been experiencing dwindling donor support for
its health sector, and funding support from the government
of Ghana to the GHS has been reduced significantly (24).
Recently, the GHS and its health partners have advocated
for integrated programming. One successful integrated
programme has been NTDs control, with regular distri-
bution of ivermectin, praziquantel, and albendazole/
mebendazole against lymphatic filariasis, onchocerciasis,
schistosomiasis, and STH based on WHO guidelines (7).
However, the control of malaria has not been integrated
with the control of the aforementioned NTDs. Little or
no knowledge exists regarding how integrated control of
malaria, schistosomiasis, and STHs could benefit the most
at-risk populations — school-age children, and there is a
lack of policy and guidelines regarding how this integrated
approach could work in Ghana. Having a policy frame-
work to guide the integrated control of parasitic infections
through the use of anti-parasitic drugs is vital. Some of the
key ingredients required are 1) an all-encompassing policy
to guide implementation, 2) evidence that integrated
control benefits the targeted population, 3) evidence of
safety and tolerability of the co-administered anti-parasitic
drugs, and 4) cost effectiveness (3, 4, 18-21).

With the objective of providing evidence to support the
development of an integrated policy for the control of
malaria, schistosomiasis, and STHs in schoolchildren
using chemotherapy, this study, as a part of a larger
investigation, sought to determine whether IPT targeted at
the high malaria transmission season (rainy season),
combined with deworming, would reduce the prevalence
of malaria parasitaemia and anaemia as well as improve
sustained attention and recall in schoolchildren. This study
therefore attempted to answer the research question: to
what extent would co-administered IPT with artemether-
lumefantrine and albendazole plus or minus praziquantel
reduce anaemia prevalence and improve sustained atten-
tion and recall in schoolchildren when compared with
albendazole plus praziquantel?

Methods

Study area and population

The study was carried out in six primary schools in the
Kassena-Nankana Districts (KNDs) of the Upper East
Region, Ghana, where poverty, malnutrition, anaemia,
and malaria represent major public health challenges
(25, 26). The KNDs lie within the Guinea Savannah
woodlands between latitudes 10°30°~11°00’ N and long-
itudes 1°00’-1°30 W. The KNDs have a population of
about 150,000 inhabitants dispersed in mostly rural
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settings. The main occupation of the people is subsistence
farming (millet, rice, sorghum, and livestock) and petty
trading. On average, annual rainfall is about 850-950 mm
(almost all in the months of May to September). The
average annual temperature ranges from 18 to 45°C.
Mosquito-breeding sites are found all year round due to
the presence of a major irrigation dam (Tono Irrigation
Project) and numerous smaller dams throughout the
KNDs.

Malaria is caused predominantly by Plasmodium
falciparum and is transmitted by Anopheles gambiae, An.
Funestus, and An. arabiensis mosquito vectors in Ghana.
Malaria transmission is most intense in the KNDs during
the rainy season (May to November), but the entomolo-
gical inoculation rate varies across Ghana’s southern,
forest, and northern savannah ecological zones (27-29).
Previous studies in the KNDs have described a high
incidence of malaria and anaemia in children and large
numbers of school days lost due to malarial infection
(30-32).

Ghana’s National Malaria Control Programme (NMCP)
implements a strategic plan and, over the past 10 years, the
NMCP has performed creditably, reducing malaria-related
mortality and morbidity. Yet in 2013, for instance, malaria
was responsible for more than 11 million reported out-
patient health facility visits and 2,506 deaths. However,
only 48% of the 11 million reported cases were tested either
by microscopy or rapid diagnostic tests and, of those
tested, 1,639,451 cases were confirmed positive (24). The
NMCP’s ‘test, treat, and track’ policy recommends
artesunate-amodiaquine as a first-line drug and arte-
mether-lumefantrine as an alternative for uncomplicated
malaria treatment. Even though an IPT policy during
pregnancy exists, using sulphadoxine-pyrimetamine,
Ghana lacks an IPT policy against malaria in infants
and schoolchildren (1). The lymphatic filariasis control
programme of the GHS has been distributing ivermectin
and albendazole annually in all primary schools in the
Upper East Region of Ghana, but praziquantel and
mebendazole are added occasionally for the control of
schistosomiasis and STHs in the KNDs (33).

Ghana has a fee-free primary school education policy.
Ghana’s educational system has expanded, and more than
90% of eligible children are enrolled in primary schools.
Yet, high teacher absenteeism, low teacher-pupil contact
time, poor physical infrastructure, and lack of teaching
and learning aids, remain challenges and negatively
impact educational outcomes (34). The population for
this study consisted of class three schoolchildren in the
Naaga, Biu, Akurugu Daabo, Kayoro, Katiu, and Nania
communities of the KNDs in Ghana.

Study design and interventions
The study was a three-arm, open-label, before-after
intervention study including a control arm. The study
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design, as agreed on with the GHS managers at the
regional and district health directorates was to be as close
as possible to ‘real-life’ implementation of the mass drug
administration of ivermectin, albendazole, and praziquan-
tel, and was to explore the feasibility of combining IPT of
malaria with schistosomiasis and/or STH chemotherapy in
school health programmes and assessing the health and
cognitive impacts. The four parts of the study were 1)
a baseline study to assess the situation in the study area
prior to interventions; 2) an evaluation of the impact
of the intervention on health and educational capabilities
of the schoolchildren; 3) a safety and tolerability study
recording adverse drug reactions (ADRs), adverse events
(AEs), and serious adverse events (SAEs); and 4) an
end-term study to evaluate and document the findings
from the various sub-studies. The study sought to answer
the following research questions:

1. Will IPT with artemether-lumefantrine add to the
effect of albendazole and praziquantel in the
reduction of the prevalence of the anaemia, malaria,
and schistosomiasis burden 1 year after mass
treatment?

2. Will IPT with artemether-lumefantrine combined
with deworming improve sustained attention and
recall better than anthelminthic given alone?

3. Is IPT with artemether-lumefantrine as effective as
praziquantel in reducing the prevalence and inten-
sity of schistosomiasis?

4. Ts artemether-lumefantrine combined with albenda-
zole and praziquantel safe and tolerated among
schoolchildren?

The three arms of the study were:

Arm 1: Artemether-lumefantrine and albendazole
(131 children in Naaga and Kayoro primary schools)
Arm 2: Artemether-lumefantrine, albendazole, and
praziquantel (90 children in Biu and Katiu primary
schools)

Arm 3: Praziquantel and albendazole (127 children
in Akurugu Daabo and Nania primary schools)

Study Arms 1 and 2 were the intervention arms, while
Control Arm 3 was the control arm.

Inclusion and exclusion

Only primary schoolchildren in class three with no known
history of allergy or adverse reactions to any of the
study medications were included in this study. We included
only class three based on the WHO recommendation for
community-based evaluations of schistosomiasis and STH
control programs (7). We excluded class three school-
children who were grossly sick (including children with
severe malaria and those severely anaemic) or those whose
parents did not grant informed consent.
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Selection of participating schools

The Navrongo Demographic Surveillance System, run by
the Navrongo Health Research Centre (NHRC), serves the
KNDs and demarcates the districts into five geographic
zones (east, west, north, south, and central) relative to the
location of the communities to Navrongo, the traditional
capital city of the KNDs. We used a purposive sampling
technique. We selected the six primary schools because
they were at least 10 km from Navrongo, and they had a
community clinic or community health and planning
services (CHPS) compound. Conveniently, two primary
schools in the south (Naaga and Biu), two in the west
(Kayoro and Katiu), and one school each from the east
(Akurugu Daabo) and north (Nania) were selected for the
survey. No primary schools were selected from the central
zone due to repeated administration of praziquantel
and mebendazole by the District Health Directorate
in Navrongo. This ensured a fair representation of
the districts based on previous data on Schistosoma
haematobium and malaria transmission (30-33). Using
a lottery, we randomly selected Kayoro and Naaga for
Study Arm 1, Katiu and Biu for Study Arm 2, and Nania
and Akurugu Daabo for Control Arm 3.

Determination of malaria parasitaemia, haemoglobin
levels, and anaemia

Thick blood films from finger prick blood were prepared,
air-dried, Giemsa-stained, and examined for malaria
parasites against 200 white blood cells (WBCs) by
two experienced microscopists at the regional hospital
laboratory in Bolgatanga. One hundred high-power fields
were counted before a film was declared negative. A
third experienced microscopist in the NHRC conducted a
quality assurance reading of 10% of the slides. In the case
of a discrepancy, slides were recounted until a consensus
was obtained. Haemoglobin (Hb) was measured with a
HemoCue® photometer, and anaemia was defined as an
Hb concentration <11.0 g/dl.

Sustained attention testing

To determine sustained attention, the code transmission
test (CTT) battery of the Test of Everyday Attention for
Children was adapted (35). A list of digits were prere-
corded on a tape and read one digit per second. Grouping
children in 10 per session, the tape was played and children
listened out for a ‘code’, which was the consecutive
occurrence of the digit 5, and wrote down the number
preceding the code. Two demonstration sessions were
undertaken prior to the test. CTT ‘A’ was administered
before interventions in June 2011, and CTT test ‘B’ at
the end of the study in June 2012. Scores were based on
the number of correct codes identified (one to five). To
complement CTT, we adapted and used the mini-mental
state tests in which study participants spelt “‘WORLD’
backwards (36, 37). We asked each participant, for
example, to spell the word ‘chalk’ backwards. The score

was the number of letters in the correct order spanning zero
to five (e.g. klahc =5, klkac =3, etc.).

Recall testing

We determined recall by asking study participants to
recall the names of three objects (lizard, pencil, and
mango) previously mentioned by the investigator after
10 min. A score of one was allotted to each correct
answer up to a maximum of three (37, 38).

Drug administration

We administered artemether-lumefantrine (20/120 mg), in
a standard 3-day schedule according to body weight,
twice per day in June, September, and December 2011.
Albendazole (400 mg) was given in June and December
2011, based on the District Health Directorates’ STHs
control plans. Praziquantel, 40 mg/kg body, was given
only in June 2011. Each study participant ate a meal about
30 min prior to interventions, and all medicines were
administered with a cup of clean water. All children were
observed for about an hour after drug intake. We used
both active and passive follow-up to collect information
on ADRs, SAEs, and AEs from each study child from
the day medicines were administered up to 28 completed
days after treatment. Active follow-up involved commu-
nity health officers and field workers visiting each study
participant daily at home to collect information on ill
health after interventions. Passive follow-up involved
visiting community clinics and/or making telephone calls
to parents and gathering information on ill-health events
after interventions.

Ethical considerations

Ethical clearance was obtained from the Navrongo
Health Research Centre Institutional Review Board
(NHRC-IRB), Navrongo, Ghana, in January 2011, refer-
ence NHRCIRB09S. The study was registered with
ClinicalTrials.gov (Identifier: NCT01459146). The study
was conducted in accordance with the Helsinki Declara-
tion of 1975, as revised in 2008.

Prior to data collection, consultations with programme
heads for both NMCP and NTDs were held to present and
discuss the study design and implementation strategy
according to existing guidelines (38—40). Permission was
sought from regional and district health and education
directors and managers as well as community chiefs and
leaders. Community meetings and durbars were held to
discuss the study with community members in all six
participating communities; clarifications were made and
answers to questions raised were given. The NHRC-IRB
approved written informed consent and assent forms that
were in English and in the three local languages: Kasem,
Nankam, and Buli. A community health officer and an
NRHC ‘field worker’ (both trained in the IRB-approved
study protocol) visited parents/guardians in their homes,
explained the study to them in the local languages, and
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invited them to visit the community clinic or CHPS
compound the next day. In the clinic/CHPS, the study
physician presented the informed consent form to each
parent/guardian who, upon agreement, either signed or
thump-printed the form. Parents/guardians and children
were told that participation in the study was voluntary and
that they could withdraw from the study at any time.

Data management

Data were entered into Excel files independently by two
data entry officers of the NHRC, then merged and
harmonized, cleaned, and analysed with STATA® version
11 SE (Stata Corp., College Station, TX, USA). Means
and standard deviations were constructed for continuous
variables such as Hb level, CTT, and recall test scores. With
categorical variables such as sex, presence of malaria, and
anaemia, we computed proportions and 95% confidence
intervals. Chi-square and Fisher’s test were used to
compare proportions. All statistical tests were two-sided
at a significance of alpha <0.05.

Results

Characteristics of study participants
Overall, 378 class three schoolchildren were registered,
but 10 parents (of six boys and four girls; three in Biu,
two each in Kayoro and Naaga, and one each in Katiu,
Nania and Akurugu Daboo primary schools) declined
consent due to the fear of side effects. Eight children who
were grossly ill (five with severe anaemia and three with
severe malaria) were excluded from the interventions
and were referred to the War Memorial Hospital for
treatment. A total of 360 parents/guardians gave in-
formed consent, and all children assented to participate.
However, 12 children (three in Study Arm 1, four in
Study Arm 2, and five in Control Arm 3) dropped out
because their parents had relocated to communities
outside the KNDs.

The characteristics of the study participants are
summarized in Table 1.

Impact of interventions on malaria parasitaemia
Table 2 shows the prevalence of malaria parasitaemia and
moderate anaemia at baseline. After intervention, sig-
nificant changes in malaria parasite prevalence were
observed in Study Arms 1 and 2 but not in the Control
Arm 3, as shown in Table 3.

Impact of interventions on anaemia prevalence

There were no significant changes in Hb levels within the
study arms (Table 3). However, anaemia prevalence
reduced from 19.8% (26/131) at baseline in Study Arm
1 to 12.2% (16/131) after intervention (reduction: 38.4%).
In Study Arm 2, anaemia prevalence reduced from 26.7%
(24/90) before interventions to 21.1% (19/90) after inter-
ventions (reduction: 20.7%). In Control Arm 3, anaemia
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prevalence reduced from 28.3% (36/127) before treatment
to 18.1% (23/127) after treatment (reduction: 36.0%).
Comparing anaemia prevalence risk reduction in Study
Arms 1 and 2 to that of Control Arm 3, the relative risks
were 1.07 and 0.58, respectively, but anaemia prevalence
risk reduction between Study Arms 1 and 2 was 1.38.

Impact of interventions on sustained attention

The impact of interventions on sustained attention
scores, represented by the mean CTT scores, is presented
in Table 4. Scores improved by 10.4% after interventions
in Study Arm 1 and 20.5% in Study Arm 2. In Control
Arm 3, however, mean CTT scores only improved by
5.75% post-intervention. When we compared the mean
CTT score improvements in Study Arms 1 and 2 to that
of Control Arm 3, the rate ratios are 1.81 and 3.57,
respectively.

Impact of interventions on recall test scores

Table 5 presents the impacts of interventions on mean
recall test scores among schoolchildren. Mean recall test
scores improved by 16.9% in Study Arm 1; but in Study
Arm 2, recall test scores improved by 27.9% compared to
18.3% improvement in Control Arm 3. Comparing the
improvement in mean recall test score for Study Arms
1 and 2 to that of Control Arm 3, the improvement rate
ratios were 1.08 and 1.52, respectively.

Discussion

Study findings showed that co-administration of IPT for
malaria and deworming was associated with a significant
reduction in malaria parasite prevalence after interven-
tions in Study Arms 1 and 2 when compared to Control
Arm 3, where no antimalarial drug was given. This result
is consistent with findings from previous IPT trials
involving schoolchildren elsewhere in sub-Saharan Africa
in which IPT reduced malaria prevalence remarkably
(10, 11, 13-15).

However, the impact of IPT on anaemia varied: some
studies observed significant reductions in anaemia pre-
valence, although others did not (10, 11, 13—-15). In our
opinion, artemether-lumefantrine could be the medicine
exerting this significant antimalarial effect because it is
already known that anthelminthic drugs, such as albenda-
zole and praziquantel, have no impact on malaria parasites
(41). However, the slight reduction in malaria parasite
prevalence observed in Control Arm 3 could be due to the
use of insecticide-treated bed nets, self-medication with
antimalarial medicines, treatment with antimalarial med-
icines by community-based agents and chemical sellers,
or to the year-to-year variation in transmission level of
the study area (29-32, 34). These same factors could be
responsible for the variations in malaria parasite preva-
lence observed between Study Arms 1 and 2 after the
interventions.
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Tuble 1. Characteristics of class three schoolchildren enrolled by study arm in KNDs, Ghana, 2011

Characteristics Arm 1 (N=131) Arm 2 (N =90) Arm 3 (N =127)
Sex

Boys (n =167) 73 (40.6) 38 (21.1) 56 (31.1)

Girls (n =181) 58 (34.5) 52 (70.3) 71 (42.3)
Mean age in years, (%)

6-9 28 (21.4) 26 (28.9) 37 (29.1)

10-12 64 (48.9) 49 (54.4) 70 (55.1)

13-15 39 (29.8) 15 (16.7) 20 (15.7)
Weight (kg)

Mean/SD 29.8/5.9 31.8/4.4 29.3/5.5

Range 20.8-43.0 25.7-46.4 17.6-50.9
Height (cm)

Mean/SD 142.6/10.9 141.1/6.3 139.6/9.5

Range 122-168 126-155 120-165
Lives with at least one parent: yes 128 (97.7) 87 (96.7) 124 (97.6)
Mother’s educational attainment

None 22 (16.8) 16 (17.8) 26 (20.5)

Primary 47 (35.9) 30 (33.3) 48 (37.8)

Secondary 34 (25.9) 25 (27.8) 48 (37.8)

Tertiary 19 (14.5) 12 (13.3) 21 (16.5)
Number of children who slept under a bed net the previous night (%) 1(31.3) 33 (36.7) 52 (40.9)
Number of children who took an antimalarial within 2 weeks (%) 13 (9.9) 9 (10.0) 18 (14.2)
Number of children who reported seeing bloody urine (%) 35 (26.7) 8 (8.9) 23 (18.1)
Number of children who reported seeing bloody stools (%) 9 (6.9) 5 (5.6) 12 (9.4)
Number of children who swam in a pond or stagnant body of water (%) 33 (25.2) 20 (22.2) 52 (40.9)

SD =standard deviation.

The study findings showed that the co-administration
of IPT and deworming was associated with no significant
reductions of anaemia prevalence in schoolchildren in
the study area. This finding concurs with the results of
previous studies in Ghana, Kenya, and Uganda in which
IPT and deworming did not significantly reduce anaemia
prevalence — even though some reductions in anaemia
prevalence were observed after treatment (10, 12, 14, 15,
42). However, anaemia prevalence reduction was slightly
higher in the control arm and in Study Arm 1 than
in Study Arm 2. This could have been due to many more
parasites (for instance, hookworms and S. mansoni) that
were responsible for anaemia in the control group and in
Study Arm 1 and that were more sensitive to the
interventions in Study Arms 1 and 3 than in Study Arm 2.

Although our results could be used to support advocacy
efforts for school-age children in regions of the world
where malaria, schistosomiasis, and STH coexist who
might benefit from both IPT and deworming interventions,
we are also of the opinion that other factors that might
not have responded to the deworming and IPT interven-
tions might contribute to anaemia in the study area.
Poverty, malnutrition, and genetic predispositions to sickle
cell disease and glucose-6-phosphatase dehydrogenase

(G6PD) deficiencies, for example, are common in the
study area (25, 26, 34, 43).

The results of our study suggests that co-administered
IPT and deworming could significantly improve school-
children’s sustained attention and recall. Although these
findings concurred with previous studies in which IPT
was associated with improved sustained attention and
recall (10, 44), our results suggest that schoolchildren
could derive more benefits involving sustained attention
and recall when artemether-lumefantrine, praziquantel,
and albendazole are co-administered. With respect to
the differences in sustained attention and recall test scores
between Study Arms 1 and 2, even though we are
not certain what was responsible for these differences,
we think that the addition of praziquantel could be the
reason because it afforded children treatment for schisto-
somiasis in Study Arm 2, but this was not the case in
Study Arm 1 (42).

Strengths and limitations

The high prevalence of parasitic infections (including
malaria, schistosomiasis, and STHs) in school-age chil-
dren and the associated effects on their health (including
anaemia and growth stunting) and education is a matter
of great concern (7-9, 25, 31). Even though an integrated

Citation: Glob Health Action 2016, 9: 32197 - http://dx.doi.org/10.3402/gha.v9.32197

(page number not for citation purpose)


http://www.globalhealthaction.net/index.php/gha/article/view/32197
http://dx.doi.org/10.3402/gha.v9.32197

Impact of combined intermittent preventive treatment

Tuble 2. Distribution of malaria parasitaemia and moderate anaemia in 348 class three schoolchildren in KNDs, Ghana,

in June 2011

Primary school (number of class three children

Number with malaria parasitaemia,

Number moderately anaemic,

examined) percentage (95% CI) percentage (95% Cl)
Naaga (61) 13, 21.3 (13.7-35.5) 21, 34.4 (22.4-46.5)
Kayoro (70) 15, 21.4 (14.1-34.4) 10, 14.3 (6.0-22.6)

Katiu (40) 2,5.0 (0.8-15.8) 10, 25.0 (11.4-38.6)
Biu (50) 18, 36.0 (28.1-55.9) 14, 28.0 (15.4-40.6)
Akurugu Daboo (74) 21, 28.4 (19.3-40.9) 16, 21.6 (12.1-31.1)
Nania (53) 21, 39.6 (28.1-54.9) 19, 35.8 (22.8-48.9)

control approach has been advocated for malaria
and NTDs, this study (to the best of our knowledge)
was the first attempt in sub-Saharan Africa at integrated
control of malaria, schistosomiasis, and STHs using co-
administered medicines.

Because of limitations due to funding constraints
and expansion to accommodate other thematic areas,
our study, which was initially designed as a randomized
control trial (RCT), had to be changed to an open-label
before-after intervention study with a control arm. One
key consideration that influenced our dropping the
RCT method was that disease control activities in the
study area were planned activities not random events.
Other considerations were: 1) the purpose of most RCTs is

to determine an intervention’s net benefit under ideal
circumstances (efficacy) either to satisfy food and drug
authorities’ marketing approval requirements or to pro-
vide insights into a disease’s aetiology and underlying
mechanisms; 2) RCTs are conducted under tightly con-
trolled clinical conditions that are consequently less likely
to reflect the conditions under which interventions are
used in common clinical practice for parasitic disease
control; 3) the results from RCTs frequently do not reach
their potential value for health care decision making,
which is a serious waste of resources (45-48). On the other
hand, the choice of a before-after study with a control arm
was informed by our desire to produce results that would
be clinically relevant and timely for policy decisions on

Tuble 3. Effects of interventions on malaria parasitaemia and anaemia in class three schoolchildren in KNDs, Ghana, by

study arm
Variable Arm 1 (N=131) Arm 2 (N =90) Arm 3 (N =127)
Prevalence of malaria parasitaemia
Before interventions 24.2, (2.5) 26.7, (4.1) 34.7, (3.4)
After interventions 9.0, (1,4) 10.9, (2.5) 31.6, (1.7)
p 0.001 0.001 0.148
Malaria parasite density (geometric mean) per 800 WBCs, (SD)
Before intervention 346, (38) 121, (76) 535, (136)
After intervention 212, (24) 114, (32) 368, (21)
P 0.531 0.741 0.350
Mean Hb (g/dl), (SD)
Before interventions 11.7, (2.5) 11.7, (1.2) 11.6, (1.1)
After interventions 11.8, (1.6) 11.6, (1.1) 11.6, (1.2)
P 0.745 0.631 0.701

Prevalence of anaemia, (95% Cl)
Before interventions
After interventions

p

19.8, (16.0-29.2) 26.7, (13.3-31.0)
12.2, (8.3-14.7) 21.1, (15.4-28.5)
0.073 0.151

28.3, (6.1-43.2)
18.1, (15.8-27.6)
0.049

WBCs = white blood cells.
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Tuble 4. Impact of interventions on code transmission test (CTT) scores in class three schoolchildren in KNDs, Ghana, 2011
and 2012

Mean CTT score before interventions Mean CTT score after interventions
Study arm Variable in June 2011 (95% Cl) in June 2012 (95% Cl) P
Arm 1 (AL+ALB) Boys 3.14 (2.95-3.33) 3.47 (3.26-3.69) 0.02
Girls 3.23 (3.10-3.36) 3.63 (3.46-3.80) 0.01
Total 3.18 (2.94-3.38) 3.55 (3.20-3.91) 0.01
6-9 years 3.24 (3.06-3.42) 3.58 (3.26-3.91) 0.06
10-12 years 3.23 (3.08-3.37) 3.58 (3.38-3.77) 0.01
13-15 years 3.14 (2.89-3.38) 3.54 (3.29-3.78) 0.01
Arm 2 (AL+ALB +PZQ) Boys 2.83 (2.63-3.02) 3.49 (3.28-3.69) 0.01
Girls 2.84 (2.58-3.10) 3.64 (3.44-3.84) 0.01
Total 2.83 (2.52-3.14) 3.56 (3.25-3.86) 0.01
6-9 years 2.66 (2.31-2.99) 3.44 (3.19-3.69) 0.01
10-12 years 2.87 (2.68-3.06) 3.60 (3.41-3.79) 0.01
13-15 years 3.07 (2.74-3.39) 3.56 (2.99-4.11) 0.11
Arm 3 (AL+PZQ) Boys 3.08 (2.92-3.25) 3.14 (2.92-3.37) 0.67
Girls 2.82 (2.61-3.03) 3.13 (2.81-3.44) 0.11
Total 2.95 (2.58-3.29) 3.13 (2.75-3.48) 0.09
6-9 years 3.05 (2.83-3.28) 3.15 (2.79-3.46) 0.72
10-12 years 2.91 (2.73-3.08) 3.18 (2.94-3.42) 0.07
13-15 years 3.07 (2.62-3.51) 2.83 (2.04-3.62) 0.54

AL =Artemether-lumefantrine; ALB = albendazole; PZQ = praziquantel; Cl =confidence interval.

integrated parasitic disease control in the study area.
Although we concede that our choice was not the best
for optimal evidence generation, before-after studies with

control groups may be especially useful for rapidly
evolving interventions and comparative effectiveness
research trials designed for dynamic, unique needs of

Tuble 5. Impact of interventions on mean recall test scores in class three schoolchildren in KNDs, Ghana, 2011 and 2012

Mean recall test score before

Mean recall test score after

Study arm Variable interventions in June 2011 (95% ClI) interventions in June 2012 (95% ClI) P
Arm 1 (AL+ALB) Boys 2.05 (1.89-2.21) 2.71 (2.54-2.87) 0.01
Girls 2.09 (1.98-2.21) 2.08 (2.66-2.91) 0.01
Total 2.07 (1.82-2.34) 2.49 (2.32-2.96) 0.01
6-9 years 2.28 (2.03-2.53) 2.67 (2.35-2.97) 0.05
10-12 years 1.98 (1.85-2.12) 2.78 (2.64-2.91) 0.01
13-15 years 2.09 (1.95-2.24) 2.75 (2.58-2.92) 0.01
Arm 2 (AL+ALB+PZQ) Boys 1.89 (1.73-2.04) 2.54 (2.35-2.73) 0.01
Girls 1.92 (1.69-2.14) 2.76 (2.58-2.94) 0.01
Total 1.91 (1.63-2.16) 2.65 (2.31-2.97) 0.01
6-9 years 2.14 (1.94-2.33) 2.67 (2.43-2.91) 0.01
10-12 years 1.80 (1.62-1.98) 2.54 (2.35-2.74) 0.01
13-15 years 1.73 (1.40-2.06) 2.89 (2.63-3.15) 0.01
Arm 3 (AL+PZQ) Boys 1.98 (1.83-2.14) 2.38 (2.19-2.56) 0.01
Girls 1.86 (1.71-2.01) 2.31 (2.09-2.53) 0.01
Total 1.92 (1.68-2.18) 2.35 (2.04-2.61) 0.01
6-9 years 2.05 (1.83-2.28) 2.38 (2.10-2.65) 0.07
10-12 years 1.83 (1.69-1.96) 2.39 (2.22-2.55) 0.01
13-15 years 2.13 (1.78-2.45) 2.00 (1.34-2.66) 0.67

AL =Artemether-lumefantrine; ALB =albendazole; PZQ = praziquantel; Cl =confidence interval.
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community medical practices and may be consistent
with the concept of a ‘learning healthcare system’ in that
it allowed flexible, adaptive, cumulative learning to be
incorporated while the trial is being conducted. It is also
useful for studying patient or sub-group characteristics
that predict response to alternative management strategies
(45-48).

Another weakness of the study as the purposive
sampling of primary schools and the choice of class three
schoolchildren, which may have affected the general-
izability of the results. Purposive sampling was deter-
mined by the fact that NTD control programmes in
Ghana are almost always targeted at specific eco-epide-
miologic settings where a disease is most common and
hardly are selected by chance! We, however, chose class
three schoolchildren because WHO recommends using
this age group for intervention evaluation for the control
of STHs and schistosomiasis (3, 4, 7).

Although our findings suggested that treating malaria,
schistosomiasis, and STHs could be associated with
improved sustained attention and recall, poor perfor-
mance by children in tests of sustained attention and recall
must not necessarily be interpreted as frontal-parietal
brain or basal brain impairments. It should be noted
that, as children grow, their ability to adapt to and focus on
classroom learning and to withstand a test of sustained
attention improves; they learn new things and gain
new experiences that promote their vigilance and recall.
Therefore, children taking a similar test one year later are
expected to perform better (33—35). Despite the aforemen-
tioned limitations, our findings are important and could
contribute vital information supporting efforts toward
integrated control of malaria, schistosomiasis, and STHs
in schoolchildren.

Conclusions

The results of this study suggest that, in an area
where malaria, schistosomiasis, and STHs coexist, co-
administration of IPT of malaria and deworming to
schoolchildren may significantly reduce malaria prevalence,
contribute to a reduction in anaemia prevalence, and
significantly improve sustained attention and recall.
The best results may be obtained when artemether-
lumefantrine, albendazole, and praziquantel are co-
administered. Further research is needed to confirm these
findings, to assess the effects of the interventions on
schistosomiasis and STHs, and to study the safety and
tolerability of these co-administered medicines.

Authors’ contributions

ECO, AO, EB, and PM conceptualized the study. ECO,
AO, EB, AH, JKA, LY, JW, and PM all participated
in the study design and implementation. ECO drafted
the manuscript, with supervision from AO and PM.

Impact of combined intermittent preventive treatment

All authors contributed to editing the manuscript and
have read and approved the final version.

Acknowledgements

The authors thank the schoolchildren, parents/guardians, and
teachers who participated in this study. We would like to thank
Alhassan Batong and his team at the Bolgatanga Regional Hospital,
Bolgatanga, Ghana, for laboratory services supporting this study. The
authors acknowledge the support provided by the management and
staff of Navrongo Health Research Centre, Navrongo, Ghana. They
also thank Victor Asoala, Isaiah Agorinyah, George Atiah, Callistus
Ayelizoya, Aurelia Abapale, Stephen Quaye, and Dr. Patrick Ansah
for their practical and scientific support during the study.

Conflict of interest and funding

The authors declare that there were no conflicts of interest in
relation to this study. This study was funded by a PhD grant
to Ernest Cudjoe Opoku by the Danish International
Development Agency (DANIDA) through the Faculty of
Health and Medical Sciences, University of Copenhagen,
Denmark.

Paper context

Even though parasitic diseases such as malaria, STHs, and
schistosomiasis commonly infect school-age children in parts
of Ghana and sub-Saharan Africa, little is known about the
benefits of integrated control of these parasitic diseases on
anaemia, sustained attention, and recall in schoolchildren.
This paper seeks to share information on some of the health
and educational benefits derived from the implementation of
integrated control of malaria and helminth infections in
Northern Ghanaian schoolchildren to guide public health
practitioners, managers, and policy-makers. This study was
designed to answer the research question: “To what extent
would co-administered IPT with artemether-lumefantrine
and albendazole plus or minus praziquantel reduce anaemia
prevalence and improve sustained attention and recall in
schoolchildren compared with albendazole plus praziquantel
as control?

References

1. WHO (2014). World malaria report. Geneva, Switzerland:
World Health Organization.

2. Alonso PL, Brown G, Arevalo-Herrera M, Binka F, Chitnis
C, Collins F, et al. A research agenda to underpin malaria
eradication. PLoS Med 2011; 8: e1000406.

3. WHO (2012). Soil-transmitted helminthiases: eliminating soil-
transmitted helminthiases as a public health problem in children:
progress report 2001-2010 and strategic plan 2011-2020.
Geneva, Switzerland: World Health Organization.

4. WHO (2013). Schistosomiasis progress report 2001-2011 and
strategic plan 2012-2020. Geneva, Switzerland: World Health
Organization.

5. Laishram DD, Sutton PL, Nanda N, Sharma VL, Sobti
RC, Carlton JM, et al. The complexities of malaria disease
manifestations with a focus on asymptomatic malaria. Malar J
2012; 11: 29.

Citation: Glob Health Action 2016, 9: 32197 - http://dx.doi.org/10.3402/gha.v9.32197

(page number not for citation purpose)


http://www.globalhealthaction.net/index.php/gha/article/view/32197
http://dx.doi.org/10.3402/gha.v9.32197

Ernest Cudjoe Opoku et al.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Nankabirwa J, Brooker SJ, Clarke SE, Fernando D, Gitonga

CW, Schellenberg D, et al. Malaria in school-age children in
Africa: an increasingly important challenge: systematic review.
Trop Med Int Health 2014; 19: 1294-309.

. WHO (2006). Preventive chemotherapy in human helminthiasis:

coordinated use of anthelminthic drugs for control interventions-
a manual for health professionals and programme managers.
Geneva: World Health Organization.

. Brooker S, Akhwale W, Pullan R, Estambale B, Clarke

SE, Snow RW, et al. Epidemiology of plasmodium-helminth
co-infection in Africa: populations at risk, potential impact on
anaemia and prospects for combining control. Am J Trop Med
Hyg 2007; 77(Suppl 6): 88-98.

. Greenwood B. Anti-malarial drugs and the prevention of

malaria in the population of malaria endemic areas. Malar J
2010; 9(Suppl 3): S2.

Clarke SE, Njagi JK, Jukes MCH, Estambale BB, Khasakhala
L, Ajanga A, et al. Effect of intermittent preventive treatment on
health and education in schoolchildren: a cluster-randomized,
double-blind, placebo-controlled trial. Lancet 2008; 372:
127-38.

. Dicko A, Sagara I, Sissoko MS, Guindo O, Diallo Al. Impact

of intermittent preventive treatment with sulphadoxine-
pyrimethamine targeting the transmission season on the incidence
of clinical malaria in children in Mali. Malar J 2008; 7: 123.
Wilson AL, Taskforce. IPTc A systematic review and meta-
analysis of the efficacy and safety of intermittent preventive
reatment of malaria in children (IPTc). PLoS One 2011; 6:
¢16976.

Barger B, Maiga H, Traore OB, Tekete M, Tembine I, Dara A,
et al. Intermittent preventive treatment using artemisinin-based
combination therapy reduces malaria morbidity among school-
aged children in Mali. Trop Med Int Health 2009; 14: 784-91.
Nankabirwa JI, Wandera B, Amuge P, Kiwanuka N, Dorsey G,
Rosenthal PJ, et al. Impact of intermittent preventive treatment
with dihydroartemisinin-piperaquine on malaria in Ugandan
schoolchildren: a randomized, placebo-controlled trial. Clin
Infect Dis 2014; 58: 1404—12.

Kweku M, Liu D, Adjuik M, Binka F, Seidu M, Greenwood
B, et al. Seasonal intermittent preventive treatment for the
prevention of anaemia and malaria in Ghanaian children: a
randomized, placebo controlled trial. PLoS One 2008; 3: e4000.
Keiser J, Utzinger J. Artemisinins and synthetic trioxolanes in
the treatment of helminth infections. Curr Opin Infect Dis 2007;
20: 605-12.

Boulanger D, Dieng Y, Cisse B, Remoue F, Capuano F, Dieme
J, et al. Antischistosomal efficacy of artesunate combination
therapies administered as curative treatments for malaria
attacks. Trans R Soc Trop Med Hyg 2007; 101: 113-16.
Gyapong JO, Gyapong M, Yellu N, Anankwah K, Amofah G,
Bockarie M, et al. Integration of control of neglected tropical
diseases into health-care systems: challenges and opportunities.
Lancet 2010; 375: 160-5.

Linehan M, Hanson C, Weaver A, Baker M, Kabore A,
Zoerhoff KL, et al. Integrated implementation of programs
targeting neglected tropical diseases through preventive che-
motherapy: proving the feasibility at national scale. Am J Trop
Med Hyg 2011; 84: 5-14.

Hotez PJ, Molyneux DH, Fenwick A, Ottesen E, Ehrlich SS,
Sachs JD. Incorporating a rapid-impact package for neglected
tropical diseases with programs for HIV/AIDS, tuberculosis,
and malaria. PLoS Med 2006; 3: e102.

Brady MA, Hooper PJ, Ottesen EA. Projected benefits
from integrating NTD programs in sub-Saharan Africa. Trends
Parasitol 2006; 22: 285-91.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Tkatchenko-Schmidt E, Atun R, Wall M, Tobi P, Schmidt J,
Renton A. Why do health systems matter? Exploring links
between health systems and HIV response: a case study from
Russia. Health Policy Plan 2010; 25: 283-91.

Shiffman J. Has donor prioritization of HIV/AIDS displaced
aid for other health issues? Health Policy Plan 2008; 23: 95-100.
Ghana Health Service annual report (2014). Accra, Ghana:
Ghana Health Service Headquarters. Available from: http:/
www.ghanahealthservice.org/downloads/Ghana_Health_Service_
2014_Annual_Report.pdf [cited 14 January 2016].

Ghana Statistical Service (2014). Ghana living standards survey
Round 6 (GLSS 6), Main Report; Accra, Ghana: The Ghana
Statistical Service. Available from: http://www.statsghana.gov.
gh/docfiles/glss6/ GLSS6-Main-Report.pdf [cited 14 January 2016)].
GDHS (2014). Ghana demographic and health survey. Accra,
Ghana: Ghana Statistical Service.

Tchouassi DP, Quakyi IA, Addison EA, Bosompem KM,
Wilson MD, Appawu MA, et al. Characterization of malaria
transmission by vector populations for improved interventions
during the dry season in the Kpone-on-Sea area of coastal
Ghana. Parasit Vectors 2012; 5: 212.

Abonuusum A, Owusu-Daako K, Tannich E, May J, Garms
R, Kruppa T. Malaria transmission in 2 communities in the
forest zone of Ghana. Parasitol Res 2011; 108: 1465-71.
Kasasa S, Asoala V, Gosoniu L, Anto F, Adjuik M, Tindana
C, et al. Spatio-temporal malaria transmission patterns in
Navrongo demographic surveillance site, northern Ghana.
Malar J 2013; 12: 63.

Owusu-Agyei S, Binka F, Koram K, Anto F, Nkrumah F, Smith
T. Does radical cure of asymptomatic Plasmodium falciparum
place adults in endemic areas at increased risk of recurrent
symptomatic malaria? Trop Med Int Health 2002; 7: 599—603.
Koram KA, Owusu-Agyei S, Fryauff DJ, Anto F, Atuguba F,
Hodgson A, et al. Seasonal profiles of malaria infection,
anaemia, and bed net use among age groups and communities
in northern Ghana. Trop Med Int Health 2003; 8: 793-802.
Akazili JMA, Akins M, Binka FN. Malaria treatment in
northern Ghana: what is the treatment cost per case to
households? Afr J Health Sci 2007; 14: 70-9.

Anto F, Asoala V, Anyorigiya T, Oduro A, Adjuik M,
Akweongo P, et al. Simultaneous administration of praziquantel,
ivermectin and albendazole, in a community in rural northern
Ghana endemic for schistosomiasis, onchocerciasis and lym-
phatic filariasis. Trop Med Int Health 2011; 16: 1112-19.
UNICEF (2013). The status of education in Ghana: results
from the Multiple Indicator Cluster Surveys (MICS) 2006-2011.
Accra, Ghana: United Nations children’s Fund.

Manly T, Robertson IH, Anderson V, Nimmo-Smith 1. TEA-
Ch: The Test of Everyday Attention for Children Manual. Bury
St. Edmunds, UK: Thames Valley Test Company Limited; 1999.
Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”:
a practical method for grading the cognitive state of patients for
the clinician. J Psychiatr Res 1975; 12: 189-98.

Crum RM, Anthony JC, Bassett SS, Folstein MF. Population-
based norms for the mini-mental state examination by age and
educational level. JAMA 1993; 269: 2386-91.

Benatar SR. Reflections and recommendations on research
ethics in developing countries. Soc Sci Med 2002; 54: 1131-41.
Edejer TT. North-South research partnerships: the ethics of
carrying out research in developing countries. BMJ 1999; 319:
438-41.

Yassi A, Breilh J, Dharamsi S, Lockhart K, Spiegel J. The ethics
of ethics reviews in global health research: case studies applying
a new paradigm. J Acad Ethics 2013; 11: 83-101.

Safari Kinung’hi. The impact of two anthelminthic treatment
approaches on malaria infection, anaemia and on schistosome

Citation: Glob Health Action 2016, 9: 32197 - http://dx.doi.org/10.3402/gha.v9.32197

(page number not for citation purpose)


http://www.ghanahealthservice.org/downloads/Ghana_Health_Service_2014_Annual_Report.pdf
http://www.ghanahealthservice.org/downloads/Ghana_Health_Service_2014_Annual_Report.pdf
http://www.ghanahealthservice.org/downloads/Ghana_Health_Service_2014_Annual_Report.pdf
http://www.ghanahealthservice.org/downloads/Ghana_Health_Service_2014_Annual_Report.pdf
http://www.ghanahealthservice.org/downloads/Ghana_Health_Service_2014_Annual_Report.pdf
http://www.ghanahealthservice.org/downloads/Ghana_Health_Service_2014_Annual_Report.pdf
http://www.ghanahealthservice.org/downloads/Ghana_Health_Service_2014_Annual_Report.pdf
http://www.ghanahealthservice.org/downloads/Ghana_Health_Service_2014_Annual_Report.pdf
http://www.ghanahealthservice.org/downloads/Ghana_Health_Service_2014_Annual_Report.pdf
http://www.ghanahealthservice.org/downloads/Ghana_Health_Service_2014_Annual_Report.pdf
http://www.statsghana.gov.gh/docfiles/glss6/GLSS6-Main-Report.pdf
http://www.statsghana.gov.gh/docfiles/glss6/GLSS6-Main-Report.pdf
http://www.globalhealthaction.net/index.php/gha/article/view/32197
http://dx.doi.org/10.3402/gha.v9.32197

42.

43.

44,

and STH infection among school and preschool children in
Magu district, Tanzania. PhD thesis, Faculty of Life Sciences,
University of Copenhagen, 2011, pp. 110-33.

Koukounari A, Estambelle BBA, Njagi JK, Cundill B,
Ajanga A, Crudder C, et al. Relationships between anaemia
and parasitic infections in Kenyan school children: a Bayesian
hierarchical modelling approach. Int J Parasitol 2008; 38:
1163-71.

Schuldt K, Evans J, Lenzen J, Ehmen C, Muntau B, Sievertsen J,
et al. Disentangling malaria anaemia. Malar J 2014; 13(Suppl 1):
O21.

Clarke S, Rouhani S, Diarra S, Bamadio M, Jones R, Traore D,
et al. The impact of intermittent parasite clearance on malaria,
anaemia, and cognition in schoolchildren: new evidence from an
area of highly seasonal transmission. Trop Med Int Health
2013; 18: 64.

45.

46.

47.

48.

Citation: Glob Health Action 2016, 9: 32197 - http://dx.doi.org/10.3402/gha.v9.32197

Impact of combined intermittent preventive treatment

Schwartz D, Lellouch J. Explanatory and pragmatic attitudes in
therapeutical trials. J Clin Epidemiol 2009; 62: 499-505.

Tunis SR, Stryer DB, Clancy CM. Practical clinical trials:
increasing the value of clinical research for decision making in
clinical and health policy. JAMA 2003; 290: 1624-32.

Luce BR, Kramer JM, Goodman SN, Conor JT, Tunis S,
Whicher D, et al. Rethinking randomized control clinical trials
for comparative effectiveness research: the need for transforma-
tional change. Ann Intern Med 2009; 151: 206-9.

Velengtas P, Mohr P, Messner DA. Making informed decisions:
assessing the strengths and weaknesses of study designs and
analytic methods for comparative effectiveness research. A
briefing document. 2012. Available from: http://www.quintiles.
com/library/brochures [cited 27 June 2016].

(page number not for citation purpose)


http://www.quintiles.com/library/brochures
http://www.quintiles.com/library/brochures
http://www.globalhealthaction.net/index.php/gha/article/view/32197
http://dx.doi.org/10.3402/gha.v9.32197

