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Abstract  

Background: Emergence of Plasmodium falciparum resistance to artemisinin and its 

derivatives poses a threat to global effort in controlling malaria. Resistance has already 

emerged to most antimalarial drugs in common use. While the concern on resistance in South 

East Asia but with potential benefits of DHA-PQ over other ACTs, it is necessary to assess if 

the antimalarial treatment efficacy of this regimen in Africa has changed. The aim of this 

review was, therefore, to compare the efficacy and safety of dihydroartemisinin-piperaquine 

and artemether-lumefantrine for treatment of uncomplicated P.falciparum malaria in African 

children. 

 

Method: An electronic systematic search method was used to search for articles from online 

databases PubMed/ MEDLINE, Embase, and Cochrane Center for Clinical Trial database 

(CENTRAL) for repossessing randomized control trials comparing efficacy and safety of 

DHA-PQ and AL for management of uncomplicated Plasmodium falciparum malaria in 

African children. The search was done from August 2020 to 30 April 2021. Using Rev-Man 

software (V5.4), R-studio, and Comprehensive Meta-analysis software, the data obtained 

from the included studies were assembled as risk ratio (RR), MD, and SMD with 95% 

confidence interval (CI). The per-protocol analysis was used. 

 

Result: In this review, 25 studies which involved a total of 13,198 participants were 

included. PCR unadjusted treatment failure in children aged between 6 months to 15 years 

was significantly lower in DHA-PQ treatment arm on day 28 than that of AL (RR 0.14, 95% 

CI 0.08 to 0.26; participants = 1302; studies = 4; I
2
 = 0%, high quality of evidence). 

Consistently, the risk of treatment failure adjusted by PCR was significantly lower with 

DHA-PQ treatment group on day 28 (RR 0.45, 95% CI 0.29 to 0.68; participants = 8508; 

studies = 16; I
2
 = 51%, high quality of evidence) and on day 42 (RR 0.60, 95% CI 0.47 to 

0.78; participants = 5959; studies = 17; I
2 

= 0%, high quality of evidence). However, the 

efficacy was ≥95% in both treatment groups on day 28. On days 28 and 42, a significant 

increase in serum hemoglobin level from the baseline was also observed in DHA-PQ 

treatment arm (SMD 0.15, 95% CI 0.05 to 0.26; participants = 2715; studies = 4; I
2 

= 32%, 

high quality of evidence) and (MD 0.35, 95% CI 0.12 to 0.59; participants = 1434; studies = 

3; I
2
 = 35%, high quality of evidence), respectively. However, DHA-PQ was somewhat 

coupled with a higher incidence of early vomiting (RR 2.26, 95% CI 1.46 to 3.50; 
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participants = 7796; studies = 10; I
2
 = 0%, high quality of evidence), vomiting (RR 1.02, 95% 

CI 0.87 to 1.19; participants = 8789; studies = 13; I
2 

= 20%, high quality of evidence), cough 

(RR 1.06, 95% CI 1.01 to 1.11; participants = 8013; studies = 13; I
2 

= 0%, high quality of 

evidence), and diarrhea (RR 1.16, 95% CI 1.03 to 1.31; participants = 6841; studies = 11; I
2
 = 

8%, high quality of evidence) were more frequent in DHA-PQ treatment arm. 

 

Conclusion: From this review, it can be concluded that DHA-PQ reduces recurrent infection 

and recrudescence with significant impact on hemoglobin recovery more than AL, and both 

drugs are well tolerated. DHA-PQ may, therefore be recommended as an alternative first line 

treatment for uncomplicated falciparum malaria in Africa, while use of AL continues. 

 

Keywords: Uncomplicated Plasmodium falciparum, children, Randomized control trial, 

Artemisinin combination therapies, Dihydroartemisinin-piperaquine, Artemether-

lumefantrine, Systematic review and meta-analysis, Africa 
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Chapter one: Introduction  

 Background  

 
Malaria is the main reason for two third of deaths among children under the age of five 

though it is a preventable and treatable disease. It is caused by a protozoan plasmodium 

parasite via the bites of infected female Anopheles mosquitoes to infect blood cells (1-3). 

There are five human plasmodium species namely P.falciparum, P.vivax, P.ovale (P.ovale 

curtisi and P.ovale wallikeri), Plasmodium Knowlesi, and P. malariae of which P.falciparum 

and p.vivax are responsible for majority of malaria cases and deaths worldwide (1, 2). Four 

species (P.falciparum, P.vivax, P.ovale, and P. malariae) account for almost all human 

infections in Africa (1, 2). 

 

In 2019, an estimated 229 million cases were reported globally from 87 malaria endemic 

countries (3), of which 215 million cases were reported by the World Health Organization 

(WHO)  African Region(3). Compared to 2018 global malaria case burden (1), the number of 

malaria cases increased by one million. In 2018, half of the global populations were in danger 

of malaria, and 93% of the malaria cases and  94% of deaths happened in Africa (4). 

Furthermore, the relative number of cases and deaths in 2017 were 231 million and 416 000 

(1). Globally, 95% of all malaria cases are accounted by 29 countries and five African 

countries : Nigeria (27%), Democratic Republic of Congo (12%), Uganda (5%), 

Mozambique (4%), and Niger (3%) accounted for about 51% of all malaria cases and deaths 

globally (3). Most of these cases and deaths were reported from Sub-Saharan Africa countries 

(1, 4).  However, the global malaria case incidences between 2000-2015 and between 2015 - 

2019 were reduced by 27% and  less than 2%, respectively (3). The risk of malaria infections 

among children aged under five years was higher in 2018, and P. falciparum parasite were 

responsible for an estimated 24 million malaria cases in African children (1). Nevertheless, 

the percentage of total malaria deaths declined by 67% in 2019 (3). P.falciparum was 

observed to be the cause for about 99.7% of  malaria cases in Africa (4). 

Uncomplicated malaria is a mild form of malaria with no signs of severity and/or sign of vital 

organ dysfunction and/or positive parasitological test (microscopy or RDT)  (2, 5). It will 

progress to sever disease, if it is left untreated (2). Early diagnosis and prompt treatment of 
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malaria play a crucial role in reducing mortality and morbidity and also contributes for the 

reduction of  malaria transmission (6). 

Before antimalarial treatment is initiated for patients with suspected malaria, confirmatory 

diagnosis with light microscopy and rapid diagnostic tests are used to detect malaria parasite 

in the patient‟s blood (2, 7). However, polymerase chain reaction (PCR) adjusted 

parasitological cure rate is a recommended method for accurate estimation of anti-malarial 

drug efficacy in clinical trials conducted in malaria endemic areas (8).  

All African counties, where P. falciparum malaria is endemic, have introduced the currently 

recommended Artemisinin-Based Combination (ACT) in the confirmed cases of P. 

falciparum malaria since 2004 (1). In the majority of African countries, the first-line 

treatments for uncomplicated malaria are generally AL or AS/AQ, with DHA-PQ as a second 

line in many countries (9, 10).  The artemisinin component is active against the sexual stages 

of the parasite that facilitates transmission to mosquitos and covers two asexual cycles, and 

also rapidly decreases the number of the parasite by a factor of approximately 10,000 in each 

48-hrs asexual cycle. The partner drug with a longer half-life eliminates the residual parasite 

over several weeks post treatment, reducing repeated episodes, and onward transmission, 

especially in high and seasonal transmission areas (11). Artemisinin and partner drugs protect 

each other to prevent resistance development. Artemisinin derivatives are safe and well-

tolerated by children; therefore, the safety and tolerability of partner drug determine the 

choice of ACT. This has substantial contribution for reduction of malaria cases worldwide (5, 

12-14).  

 Description of interventions   

Artemisinin-based combination therapies (ACTs)  recommended for treating uncomplicated 

P. falciparum malaria by the WHO include dihydroartemisinin-piperaquine (DHA-PQ); 

artesunate plus mefloquine (AS+MQ); artemether-lumefantrine - six doses regimen (AL); 

artesunate plus amodiaquine (AS+AQ); and artesunate plus sulfadoxine-pyrimethamine 

(AS+SP) (6). All ACTs include a short-acting (rapidly acting) artemisinin derivative (such as 

artesunate, artemether, or dihydroartemisinin), combined with a longer-acting (more slowly 

eliminated) drug  (5). 
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Artemether-Lumefantrine Combination 

Artemether is obtained from the Chinese herb sweet wormwood (Artemisia annua). It 

interferes with parasite transport proteins, disturb parasite mitochondrial function, and 

modulate host immune function (15). After oral administration of artemether absorbed 

rapidly and within two hours after dosing it reaches maximum plasma concentration and clear 

malaria parasites from circulation (16). It has a half-life of 1-5 hrs. It is quickly bio-

transformed to its active metabolite dihydroartemisinin (DHA) (17). It gets peak plasma 

concentration 2-3 hours after dosing. Both artemether and dihydroartemisinin significantly 

reduce asexual parasite load by 10,000 fold (4 log) per reproductive cycle, with enhancement 

of symptoms resolution (18). 

Lumefantrine is aryl-amino alcohol (17) that prevents clearing of heme (19). It is abosrbed 

after two hours of oral administration and reaches the maximum plasma concentration after 

3-4 hours (20), and has a half-life of 3–6 days and prevents recurrent malaria parasitemia 

(21). It keeps clearing the residual parasites remaining after artemether and 

dihydroartemisinin have been cleared from the body and thus prevents recrudescence (16, 

19). Ndebutylation metabolized lumefantrine (17) to desbutyllumefantrine which has 5–8-

fold higher antiparasitic effect than lumefantrine  (22).  

Artemether and lumefantrine act at different sites in the parasite life cycle and their mode of 

action is different from each other (23, 24). Fat containing foods enhance absorption of 

lumefantrine (16, 20).  

 

Dihydroartemisinin-piperaquine (DHA-PQ) Combination  

 

Dihydroartemisinin is the main potent metabolite of artemisinin derivative and achieves high 

concentrations in red blood cells infected with P. falciparum (6, 25),  and compared to other 

anti-malaria drugs, it clears parasites from the blood and relieves clinical symptoms faster 

(6). The endoperoxide bridge of DHA appears to be essential to its antimalarial activity, 

resulting in free radical damage to parasite membrane systems (25). DHA hampers with 

mitochondrial electron transport and parasite transport proteins, as well as inhibiting 
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plasmodial sarco-endoplasmic reticulum calcium adenosine triphosphatase (SERCA), and 

disrupting parasite mitochondrial function (25, 26). 

Piperaquine is a bisquinoline antimalarial drug with close structural similarity to  chloroquine 

with unknown exact mechanism of action (25). It has a very long half-life between 2-3 

weeks, i.e., longer than lumefantrine, providing a long period of post treatment prophylaxis 

(particularly in areas of low or seasonal transmission) (6, 11). Within 3 hrs of each dose food 

should not be given to the child or it should be administered at least 3 hrs after food and high 

fat containing foods should be avoided because it accelerate the absorption of piperaquine, 

thereby increasing the risk of QTc interval prolongation (2, 25).  

Literature review  

Artemether-lumefantrine and dihydroartemisinin-piperaquine combination 

 

Numerous trials have reported that dihydroartemisinin/piperaquine is highly effective in the 

treatment of uncomplicated P. falciparum malaria (27-31). A previous review reported that 

pyrexia, early vomiting, diarrhea and prolongation of QT interval on day 2 post treatment 

were common in patients treated with DHA-PQ (25).  Administration of DHA-PQ with food 

could increase piperaquine exposure and it needs to be administered in fasting state (32-34). 

However, adverse drug reactions observed for DHA-PQ were generally mild in severity, and 

the majorities were non-serious. DHA-PQ was efficacious, safe, and well-tolerated in the 

treatment of uncomplicated malaria (30, 35). In addition to efficacy and safety of anti-malaria 

drugs, factor like cost has a curtail role for the choice of appropriate ACT (36) and previous 

cost effectiveness studies reported that DHA-PQ is more cost effective in areas where malaria 

transmission intensity is low to high (37-39). 

 

The six-dose regimen of artemether/lumefantrine has been effective in many different patient 

populations worldwide, steadily achieving 28 and 42 days PCR corrected cure rates of >95% 

in the evaluated population, rapidly clearing parasitemia and fever, and demonstrating a 

significant gametocidal effect (28, 40-46). Artemether-lumefantrine combination showed 

good safety and tolerability profile (41, 42, 47). Hence, previous review reported mild or 

moderate adverse reactions on gastrointestinal tract and nervous systems (48). 
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A former review reported that the total treatment failure unadjusted by PCR on day 28 in 

African population was significantly lower in DHA-PQ than AL (13, 49). A similar kind of 

review also reported that the PCR unadjusted treatment failure on day 42 was significantly 

lower in the DHA-PQ group than AL (12, 50, 51). In addition, DHA-PQ has shown extended 

post-treatment prophylactic effect (52), which decreased the risk of new infections after 

treatment (13).  Consistently, the pooled result from analysis of six studies also reported that 

DHA-PQ has shown excellent post-treatment protection up to 29 days (11). However, in a 

recent review  long post treatment prophylactic effect on recurrent infection which lasts for 

up to 63 days has been seen on AL (51), and  no difference between the two treatment groups 

has been shown on days 28 and 63 in Papua New Guinea and Asia (13). AL has shown a 

significant reduction in PCR adjusted treatment failure on day 28 in Asia (12).  

 

A recent study conducted in African pregnant women having uncomplicated malaria reported 

that DHA-PQ had the best efficacy and an acceptable safety profile, while AL had smallest 

number of adverse effects with acceptable cure rates and shortest post-treatment prophylaxis 

effect (53). A recent study conducted in Mali also reported that PCR unadjusted treatment 

failure on days 28 and 42 in both adults and children was significantly lower in DHA-PQ 

compared with AL (54). Nevertheless, both treatments can be used safely during the second 

and third trimester of pregnancy without any adverse effect on the baby (55).   

 

Furthermore, in a study conducted in Cambodia- Thailand border where malaria is endemic 

with the most severe forms of multi-drug resistant falciparum malaria, the 28-day cure rate in 

DH-PQ groups was superior to AL and patients had good tolerance to both treatment groups 

(56, 57). Hence, many RCTs conducted in Africa have reported that both AL and DHA-PQ 

have shown excellent treatment efficacy, with genotype adjusted efficacies generally >95% 

and safety for the treatment of uncomplicated P. falciparum malaria (35, 41, 43, 44, 58-60). 

However, in South East Asia, high prevalence of K13 mutations associated with artemisinin 

resistance was observed at two trial sites (61).  

 

Statement of the problem  

 

The efficacies of artemisinin-based combinations has been excellent in Africa (41, 43), 

meanwhile the emergence of antimalarial resistance has become a great public health 
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challenge and remain to be a prominent danger to enduring malaria control efforts (62). The 

WHO recommended steady efficacy monitoring of artemisinin based combinations intend to 

be done every 2-3 years (63). Artemisinin resistance, defined as a delayed parasite clearance 

half-life of ≥5 h cutoff post treatment (14, 64-66) and resistance to ACT in Southeast Asia is 

becoming the highest concern (67). While there are so far a few reports on artemisinin 

resistance mediated by mutations kelch13 (K13) gene in Greater Mekong Sub-region (68), 

Sudan (69), higher prevalence (42%) in Myanmar (61), and  low frequency of kelch13 (K13) 

gene mutation in 18 Sub-Saharan African countries (Cameroon, Central African Republic, 

Chad, Comoros Archipelago, the Democratic Republic of the Congo, Ethiopia, Gabon, 

Gambia, Ghana, Kenya, Madagascar, Malawi, Mali, Rwanda, Senegal, Togo, Uganda, and 

Zambia) (70, 71).  

 

In addition, over the past ten years a decline in parasitological response in Nigeria (72), 

decrease in PCR corrected therapeutic efficacy of ACT below 80% in Burkina Faso have 

been noticed (73), Moreover, increase in copy number of plasmepsin genes associated with 

decrease in effectiveness of piperaquine has been arisen in South East Asia.  In Cambodia, 

high rates of recrudescence after DHA-PQ treatment for uncomplicated malaria, with 

decreased efficacy of both components of the combination has shown failure of DHA-PQ 

(64, 74, 75). Furthermore, the emergence and spread of artemisinin resistance has become an 

emerging danger globally, and it needs an immediate attention (14, 76).  To prevent the 

spread and detect artemisinin resistance early, the WHO recommended regular efficacy 

monitoring and surveillance (2, 77).  

 

Although ACTs are widely used for malaria treatment in children, there are limited 

information about the efficacy and safety as well as the dosage of ACTs in young infants And 

children due to the marked difference in the metabolic characteristics of this group of the 

population (78). Manual conversion of the formulations that may result in under-dosing for 

this group and which may also lead them to treatment failure (78). 

Significant of the study  

While the concern on resistance in South East Asia (64, 66, 75, 79), but with potential 

benefits of DHA-PQ over other ACTs (13, 52), it is necessary to assess if the antimalarial 

treatment efficacy of this regimen in Africa has changed. Although several studies were 
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conducted to assess the efficacy of ACT in adults yielding different success rates in Africa 

(80-82), there has been no systematic review and/or meta-analysis conducted to obtain strong 

evidence about the outcome of malaria treatment and artemisinin resistance in African 

Children.  

This systematic review and meta-analysis was, therefore, done to evaluate the efficacy and 

safety of DHA-PQ and AL for treatment of uncomplicated falciparum malaria in African 

children in order to assist policymakers to design appropriate national treatment policies and 

protocol. 
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Figure 1: Conceptual framework 
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Chapter two: Objectives   

General Objective 

 To compare the efficacy and safety of dihydroartemisinin piperaquine and artemether-

lumefantrine for treatment of uncomplicated p. falciparum malaria in African 

children.  

Specific Objectives 

 To compare the efficacy of dihydroartemisinin-piperaquine and artemether-

lumefantrine for treatment of uncomplicated p. falciparum malaria in African 

children. 

 To compare the safety of dihydroartemisinin-piperaquine and artemether-lumefantrine 

for treatment of uncomplicated p. falciparum malaria in African children. 

 

Hypothesis  

This study was designed to assess the hypothesis that dihydroartemisinin-piperaquine and 

artemether-lumefantrine have equal efficacy for treatment of uncomplicated p. falciparum 

malaria in African children. 

This study was designed to assess the hypothesis that dihydroartemisinin-piperaquine and 

artemether-lumefantrine are equally safe and tolarable for treatment of uncomplicated p. 

falciparum malaria in African children. 
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Chapter three: Methods  

This protocol has been registered at the International Prospective Register of Systematic 

Reviews (PROSPERO) database, ID: CRD42020200337 (83). The Preferred Reporting Items 

for Systematic Review and Meta-analysis (PRISMA 2020) guideline was followed to select 

studies to be included (84), Appendix 6. 

Eligibility Criteria  

Types of studies   

 

Randomized controlled trials (RCTs) conducted in Africa which compares the efficacy and 

safety of DHA-PQ and AL for treatment of uncomplicated p. falciparum malaria in children, 

inscribed in English, and published between 2004 to April 2021 were included. The PICOS 

format was used to identify suitable studies (85). 

 

Participants involved in the studies 

Children having uncomplicated falciparum malaria residing in Africa, regardless of gender, 

were included. 

 Interventions used in the studies 

 A fixed dose dihydroarthemisinin-piperaquine combination tablet contains 40mg 

dihydroartemisinin and 320mg piperaquine (2).  The pediatric tablet contains 20mg 

dihydroartemisinin and 160 mg piperaquine. The target doses (body weight adjusted) 

for children whose weight was less than 25kg was 4(2-10) mg/kg per day DHA and 

24(20-32) mg/kg per day PQ, once a day for 3days (2). Within 3 hrs of each dose 

food was not given to the child or it was administered at least 3 hrs after food  

Comparator  

 The 1:6 fixed dose combination tablets consists artemether (20 mg) and lumefantrine 

(120 mg). Body weight-adjusted doses for children include 25 to 35kg, 3 tablets per 

dose; 15 to 25kg, 2 tablets per dose; and <15kg, 1 tablet. It was administered twice a 

day for three days (total six doses). The first two doses was taken eight hours apart, 

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42020200337
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the third dose is taken after 24 hours of the first dose administration, and then every 

12 hours on days 2 and 3 (2). Fat containing foods enhance absorption of 

lumefantrine (16, 20). 

Outcome measures   

Primary outcomes 

 

The WHO Methods and techniques for clinical trials on antimalarial drug efficacy 

classification of genotyping to identify parasite populations were used to determine treatment 

outcome (63). It is classified as;  

 

Early treatment failure (ETF): Dangerous signs or severe malaria within the first three days 

in the company of parasitemia; or parasitaemia on the second day higher than on day zero; or 

on the third day parasitaemia and axillary temperature > 37.5 °C; or parasitaemia on the third 

day > 20% of count on baseline or incidence of danger signs, or severe malaria after the third 

day with parasitemia; or occurrence of falciparum parasitemia and axillary temperature > 

37.5 °C on or after 4
th

 day; or occurrence of  falciparum parasitemia after 7
th

 day. 

 

Late clinical failure (LCF): Dangerous signs or severe malaria in the company of 

parasitemia between 4
th

 day and 28 (days 4- 42) in those who did not formerly meet any of 

the standards for ETF; or occurrence of parasitemia between 4
th

 day and 28 (days 4- 42) with 

axillary temperature ≥ 37.5 °C in those who did not formerly meet any of the criteria for ETF. 

 

Late parasitological failure (LPF): Having of parasitemia between 7th and 28 (days 7-42) 

with axillary temperature < 37.5 °C in those who did not formerly meet any of the criteria for 

ETF or LTF. 

 

Adequate clinical and parasitological response (ACPR): Before and after genotyping by 

PCR was used to confirm the treatment failure and was defined as nonexistance of 

parasitemia by the end of treatment (day 28) irrespective of axillary temperature without 

previously meeting any of the benchmarks of ETF or LCF or LPF.  
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We used genotyping by PCR to define treatment failure consistent to current World Health 

Organization (WHO) recommendation (63). Adverse events including serious adverse events 

were also assessed. 

 

PCR-unadjusted total failure: was calculated as the sum of LTF and ETF (without PCR 

adjustment). Those who didn‟t satisfy the inclusion criteria after randomization and those 

outcomes were not available (for example, those who were lost to follow-up, consent 

withdrew, infected with another species, or on another antimalarial) excluded from the 

denominator, Table 1. 

 

PCR-adjusted total failure: calculated as the sum of ETF plus LTF due to recrudescence 

confirmed by genotyping. Participants with unknown PCR results, PCR results missing or 

PCR-proven recurrent infection were measured to be compulsory withdrawals and omitted 

them from the final analysis. Participants who did not satisfy the inclusion criteria after 

randomization, participants with (falciparum reinfection, other species mixed with P. 

falciparum recurrent infection, and unknown or PCR missing) and those participants for 

whom an outcome was not available (for example, those who were lost to follow-up, consent 

withdrawn, infected with other species, or on another antimalarial), Table 1.   

 

Table 1: Primary outcome measure (Total Failure) 

Analysis Participants 
PCR

1
-Unadjusted PCR-Adjusted 

Numerator Denominator Numerator Denominator 

Primary 

Analysis 

Exclusion after 

enrolment 
2
 

Excluded
3
 Excluded Excluded Excluded 

Missing or 

indeterminate PCR 

Included as 

failures 
Included Excluded Excluded 

New infection 
Included as 

failures 
Included Excluded Excluded 

Secondary outcomes   

 Fever clearance: the ratio of patients afebrile within the first three days, 

                                                 
1 PCR: polymerase chain reaction. 
2 Participants who were found to not satisfy the inclusion criteria after randomization are removed from all calculations. 
3 Excluded‟ means removed from the calculation. 
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 Parasite clearance: Defined as the number (n) and the proportion (%) of patients 

with a positive parasite count on days1, 2, and 3 as well as the number (N) of 

patients evaluated on those days was estimated. 

 Gametocyte carriage from baseline to days 42, and  

 Change in serum Hgb level from day 0 (zero to minimum 28 days and 42 days 

follow-up) was also evaluated. 

Search methods for identification of studies   

Electronic searches   

An electronic systematic search method was used took for articles from online databases 

PubMed/ MEDLINE, Embase, and Cochrane Center for Clinical Trial database (CENTRAL. 

The search was limited to RCTs, human trials, and published between 2004 and April 2021. 

The search was conducted corresponding to direction presented  in the Cochrane Handbook 

for Systematic Reviews of Interventions (85).  

The search strategies in PubMed for the MeSH terms and text words were ("Child"[Mesh]) 

AND "Plasmodium falciparum"[Mesh]) OR "Acute malaria" [Supplementary Concept]) OR 

"Artemether, Lumefantrine Drug Combination/therapeutic use"[Mesh]) OR 

"Lumefantrine"[Mesh]) OR "dihydroartemisinin" [Supplementary Concept]) OR 

"piperaquine" [Supplementary Concept]) OR ( "Randomized Controlled Trial" [Publication 

Type] OR "Randomized Controlled Trials as Topic"[Mesh] OR  "Controlled Clinical Trial" 

[Publication Type] )) AND ( "Drug Therapy"[Mesh] OR "Drug Therapy, 

Combination"[Mesh] OR  "drug therapy" [Subheading] )) AND ( "Africa"[Mesh] OR "Africa 

South of the Sahara"[Mesh] OR "Africa, Western"[Mesh] OR "Africa, Southern"[Mesh] OR 

"Africa, Northern"[Mesh] OR "Africa, Eastern"[Mesh] OR  "Africa, Central"[Mesh] ). The 

searching strategy for Cochrane Center for Clinical Trial database (CENTRAL) and Embase 

are found in Appendix 1. 

Searching other resources   

The reference sections of the selected studies and other relevant reviews were also checked 

for the possibility of any additional papers. In addition online trial registries: such as 

ClinicalTrials.gov (clinicaltrials.gov), the WHO International Clinical Trials Registry 
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Platform (www.who.int/ictrp), and the Food and Drug Administration (FDA; www.fda.gov) 

for ongoing or unpublished trials were searched.  

For Dissertation and thesis, we searched online websites: such as Australian thesis 

(trove.nla.gov.au/), Center for Research Libraries( catalog.crl.edu/search~S5 ), Open Access 

Thesis and Dissertations (https://oatd.org/), ProQuest Dissertations & Thesis Global 

(www.proquest.com/products-services/pqdtglobal.html), Swedish University Dissertations 

(www.dissertations.se/), and Thesis Canada (www.collectionscanada.gc.ca/thesescanada/) 

were also searched. 

Data collection and analysis   

The Cochrane Handbook for Systematic Reviews of Interventions (86) was followed. 

Furthermore, the software package provided by Cochrane (RevMan 5.4) and additionally, R-

Studio and Comprehensive Meta-analysis version No.3 (CMA) software‟s were also used. 

Selection of studies   

To import the research articles from the electronic databases and remove duplicates, we used 

ENDNOTE software version X7. The searched literatures and full-text copies of all 

potentially related trials were independently reviewed by two authors. Also, multiple 

publications from the same dataset were checked and studies included in this review based on 

the inclusion criteria. Disagreements were resolved through discussion. The screening and 

selection process was reported in a PRISMA flow chart Figure 2. 

Data extraction and management   

The title and abstract was produced from the electronic search, and was independently 

screened by two reviewers based on RCTs that assessed human p. falciparum malaria. The 

information collected were trial characteristics including methods, participants, interventions, 

and outcomes as well as data on dose and drug combination ratios. Also, relevant information 

such as title, journal, year of publication, study design, study setting, malaria transmission 

intensity, follow-up period, sample size, funding of the trial or sources of support, baseline 

characteristics of study subjects, treatment failure, fever clearance, parasite clearance, 

gametocyte carriage, serum hemoglobin recovery, and adverse events were extracted from 

http://www.who.int/ictrp
https://oatd.org/
http://www.proquest.com/products-services/pqdtglobal.html
http://www.dissertations.se/
http://www.collectionscanada.gc.ca/thesescanada/
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each article using the well-prepared extraction format in the form of a table adapted from 

Cochrane and modified to make suitable for this study Appendix 6. 

Furthermore, the number of participants randomized, and the number analyzed outcomes of 

each treatment group were also collected. Any discrepancies between the reviewers were 

settled by consensus. One author independently extracted data and information collected was 

cross-checked by another investigator. Missing data were requested from the authors 

whenever necessary though no one replied to our request.  

Furthermore, the number of subjects with an event and the total number of subjects in each 

treatment arm were recorded for dichotomous outcomes and the arithmetic means and 

standard deviations (SD) for each treatment arm were extracted for continuous outcomes. 

Assessment of risk of bias in the included studies   

The risk of bias for each trial was evaluated by two review authors independently using the 

Cochrane Collaboration's tool for assessing the 'Risk of bias' (85). To decrease the risk of 

bias amongst six domains: sequence generation; allocation concealment; blinding (of 

participants, personnel, and outcome assessors); incomplete outcome data; selective outcome 

reporting; and other sources of bias, this guidance were used. The ratings were done (i.e. high 

risk, unclear risk, and low risk) for the risk of bias, and interpretations of the presented data 

were guided by this information. For unclear judgment, the trial authors were contacted for 

clarification and differences of opinion were addressed through discussion. In the assessment 

of the risk of bias, the following definitions were used. 

Allocation sequence generation 

 Low risk of bias: the study performed sequence generation using computer random 

number-generation or a random number table. Drawing lots, tossing a coin, shuffling 

cards, and throwing dice will be considered adequate if an independent person, not 

otherwise involved in the study, performed them. 

 Unclear risk of bias: the study authors did not specify the method of sequence 

generation. 

 High risk of bias: the sequence generation method was not random.  
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Allocation concealment 

 Low risk of bias: the participant allocations could not have been foreseen in advance 

of, or during enrolment. A central and independent randomization unit controlled 

allocation. The investigators were unaware of the allocation sequence (as would be if, 

for example, the allocation sequence was hidden in sequentially numbered, opaque, 

and sealed envelopes). 

 Unclear risk of bias: the study authors did not describe the method used to conceal 

the allocation, so the intervention allocations may have been foreseen before, or 

during, enrolment. 

 High risk of bias: it is likely that the investigators who assigned the participants 

knew the allocation sequence.  

Blinding of participants and personnel 

 Low risk of bias: any of the blinding of participants and key study personnel ensured, 

and it was unlikely that the blinding could have been broken; or rarely, no blinding or 

incomplete blinding, but the review authors judged that the outcome was not likely to 

be influenced by absence of blinding. 

 Unclear risk of bias: any of the insufficient information to permit judgments of „low 

risk‟ or „high risk‟; or the trial did not address this outcome. 

 High risk of bias: any of the unblinding, or incomplete blinding, and the outcome 

was likely to be influenced by lack of blinding; or blinding of key study participants 

and personnel attempted, but likely that the blinding could have been broken, and the 

outcome was likely to be influenced by lack of blinding. 

Blinded outcome assessment 

 Low risk of bias: any of the blinding of outcome assessment ensured, and unlikely 

that the blinding could have been broken; or rarely, no blinding of outcome 

assessment, but the reviewers judged that the outcome measurement was not likely to 

be influenced by lack of blinding. 

 Unclear risk of bias: any of the insufficient information to permit judgment of „low 

risk‟ or „high risk‟; or the trial did not address this outcome. 
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 High risk of bias: any of the unblinding of outcome assessment, and the outcome 

measurement was likely to be influenced by lack of blinding; or blinding of outcome 

assessment, but likely that the blinding could have been broken, and the outcome 

measurement was likely to be influenced by lack of blinding. 

Incomplete outcome data 

 Low risk of bias: missing data were unlikely to make treatment effects depart from 

plausible values. The study used sufficient methods, such as multiple imputations, to 

handle missing data. 

 Unclear risk of bias: there was insufficient information to assess whether missing 

data, in combination with the method used to handle missing data, was likely to bias 

the results. 

 High risk of bias: the results were likely to be biased, due to missing data. 

Selective outcome reporting 

 Low risk: the study reports at least one of the primary outcomes. 

 Unclear risk: the study authors do not report all predefined outcomes fully, or it is 

unclear whether the study authors recorded data on these outcomes or not. 

 High risk: the study authors report none of the predefined outcomes. 

Other bias 

• Low risk of bias: the trial appears to be free of other bias domains that could put it at 

risk of bias. 

• Unclear risk of bias: the trial may or may not be free of other domains that could put 

it at risk of bias. 

• High risk of bias: there are other factors in the trial that could put it at risk of bias. 

Overall bias assessment 

 Low risk of bias: all domains in a trial are classified at low risk of bias according to 

the definitions described above. 
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 High risk of bias: one or more of the bias domains in a trial are classified at unclear 

or high risk of bias. A 'Risk of bias' graph and 'Risk of bias' summary was generated 

to show a summary of this assessment. 

Measures of treatment effect   

 

The main outcomes in this review were total treatment failure on days 28, 42, and 63; PCR-

adjusted and PCR unadjusted. We planned to use either ITT or Kaplan-Meier reports for our 

meta-analysis, but majority of the studies reported the Per-protocol analysis result.  Modified 

intention-to-treat analyses that included all participants who met enrollment criteria and 

completed all follow-up visits up to the time of exclusion were used to PCR unadjusted 

treatment failure and safety data. Participants who were randomized to therapy but not 

enrolled in the study on the basis of primary laboratory results were excluded from the 

analysis. Per- Protocol analysis was used to assess PCR adjusted treatment failure. Those 

subjects who did not fulfill the inclusion criteria after randomization were excluded from the 

denominator, Table 1. 

Risk ratio (RR) was used to report pooled results of dichotomous outcomes and using both 

mean differences and standard mean difference for continuous outcomes, because studies 

reported the outcome with different measurement scales. Risk ratios, mean differences and 

standard mean difference were escorted by 95% CIs. 

Unit of analysis issues   

Participants were included according to the treatment group of the randomized clinical trials. 

Dealing with missing data   

When data from the trial reports were insufficient, unclear, or missing, the either the 

outcomes or the trials were excluded from quantitative analysis. 

Assessment of heterogeneity   

Heterogeneity between the included trials was evaluated  by look at the forest plots (to detect 

overlapping CI) and the Cochrane Q and I
2 

statistic used to quantify heterogeneity among the 

included studies in each analysis, the Chi
2
 test with a P< 0.10 used to suggest statistical 
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significance, and the results were elucidated following Cochrane Handbook for Systematic 

Reviews of Interventions Version 6.0, Chapter 10: Analyzing data and undertaking meta-

analyses (87). 

 0% to 40%: might not be important; 

 30% to 60%: may show moderate heterogeneity; 

 50% to 90%: may show substantial heterogeneity; 

  75% to 100%: considerable heterogeneity. 

Outlier and influence case analysis 

Since between study heterogeneity can also cause by one or more studies with extreme effect, 

we assessed the distortion in our pooled effect estimate caused by one or more studies with 

extreme effect sizes which did not quite fit in and studies with low quality or very small 

studies, we have looked on the pooled effect again by removing outliers from the analysis 

(88). In addition, to assess if the effect did not depend on one single study and whether there 

were studies which heavily pushed the effect of our analysis into one direction, we did 

influence case analysis (88). 

To further investigate the contribution of each study to the overall heterogeneity of our meta-

analysis, we used the Baujat Plot (89). The horizontal axis of the plot showed the contribution 

of each study to the overall heterogeneity as measured by Cochran‟s Q and the vertical axis 

showed its influence on the pooled effect size. We considered all studies on the right side 

(especially in the lower part) of the plot to be causes of the heterogeneity we observed. 

GOSH Plot Analysis 

 

To further investigate the pattern of effect sizes and heterogeneity in our data, we used 

GOSH Plot Analysis (Graphic Display of Heterogeneity (GOSH) plots). In this plot we used 

all 2
k−1 

possible study combinations models out of all possible randomly selected models 

within R-studio which fits our model. This model shows the pooled effect size on the x-axis 

and the between-study heterogeneity at the y-axis. Using this plot, we identified different 

sub-clusters with different effect size which were candidate for subgroup analysis. A 

symmetric distribution with one peak from the GOSH plot shows homogenous effect size in 

our sample. To identify which study caused the pattern and to which sub-cluster it belongs, 
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we looked at the three algorithms, k-means, DBSCAN and the Gaussian Mixture Model, to 

detected studies which could contribute to the cluster imbalance (90). 

Furthermore, L‟Abbe plot was used to visualize the event rate, overall trend of meta-analysis, 

heterogeneity of effect size, and heterogeneity of event rate. When substantial heterogeneity 

(I
2
> 50%) was recognized, it was reported, and the likely causes were investigated by 

subgroup analyses. 

Subgroup analysis and investigation of heterogeneity   

To look into the possible causes of heterogeneity, the following subgroup analyses were 

used: 

 The malaria transmission intensity (low to moderate versus high to very high malaria 

transmission intensity were compared), and  

 Ages of the patients (age less than five years and age between 6 months to 15 years) 

were compared. 

 Studies at low risk of bias were computed with studies at high risk of bias in the 

overall assessment, because studies at high risk of bias may overrate or underrate the 

intervention effects. 

 The known HIV status of the participant was compared to unknown HIV status in the 

overall assessment, because HIV infection might have an effect on parasite clearance 

(91). 

 Supervised administration of medication was compared with unsupervised 

administration of medication, because non-adherence could also contribute to 

treatment failure.  

 Eastern Africa was compared with southern and western Africa. 

Meta regression  

 

We used random-effect multiple meta-regression model to investigate the association of 

study characteristics which causes heterogeneity with treatment effect. To minimize over 

fitting, we reduced the number of predictors (parsimony) by including predictors which have 

scientifically proven effect on the treatment failure or based on theoretical questions. To 

make decision on fit model, we used estimators like Akaike and Bayesian information 

criteria. The covariates were age, HIV status, and malaria transmission intensity, risk of bias, 
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region, and way of drug administration (night dose). To select the predictors which had an 

association with effect size, all relevant predictors were forced into the regression model 

simultaneously. To avoid interaction between predictors, we have done interaction analysis. 

After checking for interaction, we performed multi-model inference for all possible predictor 

combinations using all predictors. Finally, we selected predictors which were best fit for the 

model and had lower Akaike information criteria (AIC). The results were presented with 

figures and tables. 

Data synthesis   

The meta-analyses was done coherent with the Cochrane recommendations (86). To help 

reading, individual codes were given to included trials together with the first author,  year of 

publication, and three first letter of the country where the trial being conducted. Included 

studies were listed in forest plots in chronological order of the year which the studies were 

published. Since the studies were conducted by different researchers and managed 

independently, the random effect model was used. Because, it could be unlikely that all the 

studies functional equivalence and had a common effect estimate. 

Assessment of reporting biases   

 

To assess the possibility of publication bias, we examined for asymmetry by funnel plots 

(Egger‟s test P<0.05). When the Egger's test showed publication bias, we used Duval & 

Tweedie‟s trim-and-fill procedure to estimate what the actual effect size could have been had 

the “missing” small studies been published. The procedure imputes missing studies into the 

funnel plot until symmetry was reached again (92). However, this procedure has been shown 

to be prone to providing inaccurate effect size estimates. We used P-curve to estimates the 

presence of a “true” effect size behind our findings, and that the results were not the product 

of publication bias and p-hacking alone (92, 93). 

Sensitivity analysis   

 

A series of sensitivity analyses were conducted to explore the potency of the methodology 

used in the primary analysis and to reinstate the reliability of the randomization process the 

following steps were used: adding and excluding trials which were classified as high risk for 

bias back into the analysis in a stepwise fashion, and to explore the effect of small-study 

effects on the results of our meta-analysis, fixed-effect and random-effects estimates of the 
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intervention effect were compared. Furthermore, we explored the robustness of our meta-

analysis results using influence analyses and the leave-one-out method.  

Quality of evidence 

'Summary of Findings' tables 

 

Confidence in the evidence were assessed using GRADE criteria and the GRADE pro 

software (94). We presented the result in a „Summary of Findings‟ table. Assessments of the 

evidence were presented using five factors referring to limitations in the study design and 

implementation of included studies that suggest the quality of the evidence: risk of bias; 

indirectness of evidence (population, intervention, control, outcomes); unexplained 

heterogeneity or inconsistency of results; imprecision of results; and a high probability of 

publication bias. Randomized control trials are initially categorized as high quality but 

downgraded after assessment of five criteria (95). The levels of evidence were defined as 

'high', 'moderate', 'low', or 'very low'. The recommendations of Section 8.5 and Chapter 13 of 

the Cochrane Handbook for Systematic Reviews of Interventions was followed (96). These 

grades are defined as follows. 

 

 High certainty: we are very confident that the true effect lies close to that of the 

estimate of the effect. 

 Moderate certainty: we are moderately confident in the effect estimate: the true 

effect is likely to be close to the estimate of the effect, but there is a possibility 

that it is substantially different. 

 Low certainty: our confidence in the effect estimate is limited: the true effect 

may be substantially different from the estimate of the effect. 

 Very low certainty: we have very little confidence in the effect estimate: the true 

effect is likely to be substantially different from the estimate of effect. 

 

We have judged the imprecision based on the optimal information size criteria and 

confidence interval (97). We were rate down grade the imprecision;  

 If an OIS criterion was not met, we rated down for impression unless the sample size 

was very high (at least 2000 participants for dichotomous outcome and 400 for 

continuous outcome). 
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  If the OIS criteria was met and the 95 % confidence interval excluded no effect (i.e. 

CI around RR exclude 1.00 for dichotomous outcome and MD exclude 0.00 for 

continuous outcome), we judged as adequate precision.   

 If the OIS criteria was met and confidence interval overlapped no effects (i.e CI 

include RR of 1.00 for dichotomous and MD exclude 0.00 for continuous), we rated 

down if the CI fail to exclude important benefit or important harm. 

 If the 95% CI included appreciable benefit or harm (RR of under 0.75 or over 1.25), 

we rated down for imprecision even if the OIS was met. 

Operational Definition 

Adverse event: any untoward medical occurrence, irrespective of its relationship to 

the study medications. 

Efficacy: nonexistence of parasitaemia by the end of treatment (days 28 or 42 or 63) 

regardless of axillary temperature without formerly meeting any of the criteria of ETF 

or LCF or LPF. 

Medicine safety: Characteristics of medicine that reflects its potential to cause harm, 

including the important identified risks of a drug and important potential risks. 

Parasite clearance time: Time between first drug administration and the first 

examination in which no parasites are present in the blood by microscopy. 

Recrudescence: Recurrence of asexual parasitemia of the same genotype(s) that 

caused the original illness, due to incomplete clearance of asexual parasites after 

antimalarial treatment.  

Recurrence: Reappearance of asexual parasitemia after treatment, due to 

recrudescence, relapse (in P. vivax and P. ovale infections only), or a new infection.   

Serious adverse event: any event that resulted in inpatient hospitalization, death, life 

threatening experience, persistent/significant disability, or specific medical/ surgical 

intervention to prevent serious outcome. 

Treatment failure: failure to clear malarial parasitemia or prevent recrudescence 

after administration of antimalarial medicine, regardless of whether clinical symptoms 

are resolved. 
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Chapter four: Result  

 Results of the search  

We conducted the search from August 2020 to April 2021 and identified a total of 3211 

studies. After screening titles and abstracts, we collected the full text copies of 49 studies of 

which, 24 trials were excluded for reasons mentioned in Figure 2. We included 25 studies for 

both qualitative and quantitative synthesis.  

 

 
Figure 2: PRISMA study flow diagram. 

Included studies  

 

We included 25 trials which enrolled 13,198 subjects with uncomplicated falciparum malaria 

in this review. The trials were conducted in Africa. Most of the trial sites in the thirteen 

studies were described as having high or very high malaria transmission intensity and two as 

low or moderate transmission intensity. In addition, two multi-center trials were described as 

having mesoedemic, perennial, and high malaria transmission intensity and another two trials 
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sites were described as having low to high and moderate to high malaria transmission 

intensity, respectively Appendix 2. Except three studies, twenty-two studies reported the 

number of female and male enrolled in to the studies. Totally 6798 male and 5828 female 

were enrolled in to the studies, whereas 3530 males and 3033 females in DHA-PQ group and 

3268 males and 2795 females in AL arm were enrolled, respectively. 

 

The included studies enrolled children between the age ranges of 6 weeks to 15 years of who 

the majority were between the age of 6 months to 5 years, three studies enrolled children who 

were HIV infected and HIV negative Appendix 2. These three studies reported that 128 

participants to be HIV infected and HIV exposed who were on anti-retroviral therapy and 

TMP-SMX prophylaxis. Furthermore, in majority of the trials participants were followed for 

42 days. 

Excluded studies  

Twenty-four studies were excluded from primary analysis due to difference in the type of 

infection or lack of appropriate outcome data, Appendix 4.  

Risk of bias in included studies  

 

From all the included studies, five were single blind. The risk of bias assessment summary 

pretested in Figure 3 and Figure 4 and authors‟ judgments presented in the ' characteristics 

of included studies' table, Appendix 3. 

Randomization sequence generation (selection bias)  

Twenty studies were judged to be low risk for selection bias, for they adequately described 

random sequence generation. However, three studies are judged to be unclear for selection 

bias, for they didn‟t describe random sequence generation. 

Allocation (selection bias)  

 

Eighteen studies were judged to be low risk for selection bias, for they adequately described 

allocation concealment. Seven studies were judged to be unclear for selection bias, for they 

didn‟t describe adequately the allocation concealment. 
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Figure 3: Review authors' judgments about the percentage of each risk of bias item 

across the included studies. 

Blinding of participants and personnel (performance bias)  

Nine trials adequately blinded the participants and study personnel were judged to be low risk 

for performance bias. However, nine studies were judged to be high risk for performance 

bias, for they didn't blind the participant and personnel and six studies were judged to be 

unclear risk for performance bias, for they didn't describe blinding of the participant and 

study personnel.  

Blinding of outcome assessor (detection bias) 

Fifteen studies adequately blinded the outcome assessors (laboratory staff and study 

physicians), hence judged to be low risk for detection bias. Eight studies were judged to be 

high risk for detection bias, for they didn't blind the outcome assessor and two studies were 

judged to be unclear risk for detection bias, for they didn't describe blinding of the outcome 

assessors.  

Incomplete outcome data (attrition bias)  

Nineteen studies were judged to be of low risk for attrition bias, and five studies were judged 

to be high risk for attrition bias, for they excluded more than 20% of participants from the 

final analysis. However, the remaining one study is judged to be unclear for attrition bias, for 

the study didn‟t describe how many participants were enrolled and excluded. 
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Selective reporting (reporting bias)  

One study was judged to be unclear for reporting bias, for we couldn‟t able to find the 

published protocol. However, in the remaining twenty four studies, we found no evidence of 

selective reporting in all included trials. 

Other potential sources of bias  

In majority of the studies both drug manufacturer and non-governmental organizations were 

involved. However, the company which funded the trial had no engagement in the trial 

design, data collection, data analysis, data interpretation or writing up.  

 

Figure 4: A summary of review authors' appraisals about each risk of bias item for each 

included study. 
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Effect of interventions 

Treatment failure 

PCR-unadjusted total failure on day 28 

 

The PCR uncorrected risk of recurrent p. falciparum parasitemia showed considerable 

heterogeneity between the studies (Tau² = 0.24; Chi² = 125.66, df = 16 (P < 0.00001); I² = 

87%, Figure 6). We couldn‟t pool the result.  

Outlier assessment and influence analysis. 

 

To investigate the effect of outlier studies on the pooled effect estimate, we did outlier 

assessment and found four outlier studies. We couldn‟t find any influence case. However, the 

pooled result after removing the outliers had considerable heterogeneity (Tau² = 0.1410; tau = 

0.3755; df = 12 (P< 0.0001); I² = 73.7%). The Baujat plot showed that out of the four outlier 

studies, three had higher contributions for the heterogeneity in our meta-analysis. 

Leave-one-out analysis 

 

The result showed that out of the four outlier studies two had effects on the overall 

heterogeneity. When we sorted out the result by effect size, two out of the four outlier studies 

had an effect on the overall effect estimate.  

GOSH Plot Analysis 

 

We found two clusters one with high heterogeneity and another with low heterogeneity 

Figure 5. 

 

Figure 5: GOSH Plot Analysis of comparison between DHA-PQ and AL for treatment 

of uncomplicated p.falciparum malaria in African children on PCR unadjusted 

treatment failure on day 28. 
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Seven studies were detected by DBSCAN algorithm. However, the pooled result after 

removing those seven studies showed substantial heterogeneity between studies (Tau² = 0.12; 

tau= 0.35, df = 7 (P = 0.00016); I² = 70%). 

Sub-group analysis 

 

The risk of treatment failure uncorrected by genotyping in patients between the age of 6 

months to 15 years was (RR 0.14, 95% CI 0.08 to 0.26; participants = 1302; studies = 4; I
2
 = 

0%, high quality of evidence, Figure 6).  However, the risk of treatment failure uncorrected 

by genotyping in under five children was heterogonous (Tau² = 0.25; Chi² = 120.71, df = 12 

(P < 0.00001); I² = 90%, moderate quality of evidence). So we couldn‟t pool the result. As 

there was high heterogeneity, it was more useful to consider the individual trial results. In 

twelve studies the risk of treatment failure unadjusted by genotyping in under five children 

was significantly lower in DHA-PQ treatment group than that of AL. Hence, we found 

statistically significant difference between the two subgroups (chi
2
= 5.13, df=1, p=0.02, I

2
 = 

80.5%, Figure 6). 

 

Figure 6: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on PCR unadjusted treatment 

failure on day 28. 
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Meta regression of day 28 PCR-unadjusted treatment failure   

 

Both participants‟ age and malaria transmission intensity within the countries had a direct 

relationship with the relative risk of developing treatment failure unadjusted by genotyping 

(p= 0.034 and p=0.024, Figure 7 and Figure 8). The relative risk of developing treatment 

failure unadjusted by genotyping in under five children was higher by 8.5% compared to 

children under age category of 6 months to 15 years, keeping malaria transmission intensity 

constant.  Also, the relative risk of developing treatment failure unadjusted by genotyping in 

children living in the area where malaria transmission intensity was higher by 42.2% 

compared to children living in high malaria transmission setting, keeping age of children 

constant Table 2. Furthermore, either the age of children or malaria transmission of the 

countries was related to treatment failure (Q=8.61, df=2, P=0.0135). 

 

The variance in treatment failure about the regression line (Tau
2
) was 0.1609, the standard 

deviation of true effects about the regression line (Tau) is 0.4012. The I
2 

statistic is 79.55%, 

which tells us that 80% of the observed variance about the regression line reflects variation in 

treatment failure rather than sampling error. The test for heterogeneity yielded a Q-value of 

68.47 with 14 degrees of freedom and a corresponding p-value  0.0000. The risk of 

treatment failure varied across the studies which means that some studies had high treatment 

failure and other studies had low treatment failure. Of the total variance in treatment failure, 

only 32% were explained by participants‟ age and malaria transmission intensity within the 

countries. 

 

Table 2:  Meta- regression of PCR-unadjusted treatment failure on day 28 

 

Covariate  Coefficient  SE 95% 

Lower 

95% 

Upper  

Z-value 2-sided  

P-value 

Intercept  -2.3013 0.4315 -3.1469 -1.4556 -5.33 0.0000 

Age: Under 

five 

0.9137 0.4305 0.0699 1.7575 2.12 0.0338 

Transmission: 

Moderate  

0.5776 0.2563 0.0752 1.0800 2.25 0.0242 
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Figure 7:  Meta- regression of PCR-unadjusted treatment failure on day 28, association 

between age of the children and treatment failure. 

 

 
Figure 8: Meta- regression of PCR-unadjusted treatment failure on day 28, association 

between malaria transmission intensity within the countries and treatment failure. 

 

Publication bias  

 

The funnel plot showed that all studies lied symmetrically around the pooled effect estimate 

implying that there was no publication bias (egger‟s test: intercept 0.98 (95% CI -1.17, 3.13), 

P= 0.39, Figure 9). 
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Figure 9: Funnel plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p.falciparum malaria in African children on PCR unadjusted treatment 

failure on day 28. 

 

PCR-adjusted total failure on day 28 

 

There were nineteen early treatment failures in the DHA-PQ group arm versus 30 in the AL 

arm. One study  which was conducted in Kenya reported that PCR adjusted treatment failure 

on day 28 didn‟t have significant difference (1%) between the two treatment groups and the 

result of our meta-analysis showed that the risk of recurrent parasitemia due to possible 

recrudescence (adjusted by genotyping) was below 5% in 14 studies. On the contrary, the 

PCR adjusted treatment in patients who were treated with AL was 28% in one study from 

Burkina-Faso (73).  

 

There was no significant difference in the risk of recurrent parasitemia in thirteen studies due 

to possible recrudescence between the two treatment groups. However, it was significantly 

lower in DHA-PQ treatment group in one multi-center trial and one study from Burkina Faso 

(73, 81).   However, the pooled result showed that the risk of PCR corrected treatment failure 

was significantly lower in DHA-PQ group than that of AL  on day 28(RR 0.45, 95% CI 0.29 

to 0.68; participants = 8508; studies = 16; I
2
 = 51%, high quality of evidence, Figure 10). 
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Figure 10: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p.falciparum malaria in African children on PCR adjusted treatment 

failure on day 28. 

Publication bias  

 

The funnel plot showed that all studies lied symmetrically around the pooled effect estimate 

implying that there was no publication bias (egger‟s test: -0.19007 (95% CI -1.77,1.39), 

P=0.799, Figure 11). 

 

 
Figure 11: Funnel plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p.falciparum malaria in African children, outcome on PCR adjusted 

treatment failure on day 28. 

PCR-unadjusted total failure at day 42 

 

Seventeen studies reported this outcome and PCR unadjusted risk of recurrent falciparum 

parasitemia in fourteen studies was significantly lower in participants treated with DHA-PQ 

than that of AL Figure 12.  The result had an unexplained considerable heterogeneity 
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between the included studies (Tau² = 0.08; Chi² = 62.24, df = 16 (P < 0.00001); I² = 74, 

moderate quality of evidence).  

Outlier assessment and influence case analysis  

 

Three outlier studies had an effect on the overall effect estimate. The pooled result after 

removing the outliers had also a considerable heterogeneity (Tau² =0.0451; tau = 0.212; df = 

13 (P= 0.0005); I² = 64.2%). The influence analysis showed no influence case which had an 

effect on the pooled estimate. The Baujat plot showed that two out of three outlier studies had 

higher contributions for the heterogeneity and one had an influence on the overall pooled 

result in our meta-analysis.  

Leave-one-out analysis 

 

The leave-one-out analysis result shows that in addition to those three outlier studies, 

additional three studies had an effect on the overall heterogeneity within our meta-analysis. 

The leave-one-out analysis which was sorted by effect estimate showed that three studies had 

an effect on the overall effect estimate. 

GOSH Plot Analysis 

 

GOSH Plot Analysis showed only one cluster with high heterogeneity. Nine studies were 

detected by DBSCAN algorithm. However, the pooled result after removing those nine 

studies showed substantial heterogeneity between studies (Tau² = 0.078; tau= 0.28, df = 7 (P 

= 0.005); I² = 68%). 

Individual study data analysis 

 

Considering individual study result, the PCR unadjusted risk of recurrent falciparum 

parasitemia in thirteen studies was significantly lower in DHA-PQ group than AL 0.79 [95% 

CI 0.65, 0.97, (98)], 0.24 [95% CI 0.14, 0.43, (99)], 0.37 [95% CI 0.25, 0.56, (100)], 0.46 

[95% CI 0.27, 0.79, (101)], 0.65 [95% CI 0.54, 0.78, (102)], 0.60 [95% CI 0.41, 0.87, (30)], 

0.18 [95% CI 0.07, 0.45, (103)], 0.46 [95% CI 0.31, 0.68, (104)], 0.55 [95% CI 0.43, 0.70, 

(80)], 0.35 [95% CI 0.22, 0.57, (28)], 0.75 [95% CI 0.56, 0.99, (105)], 0.42 [95% CI 0.26, 

0.68, (82)], and 0.56 [95% CI 0.44, 0.70, (106)]. However, in four studies the PCR 

unadjusted risk of recurrent falciparum parasitemia did not have significant difference 

between the two treatment groups 0.82 [95% CI 0.64, 1.07, (27)], 0.91 [95% CI 0.69, 1.19, 

(35)], 1.19 [95% CI 0.61, 2.32, (107)], and 0.43 [95% CI 0.14, 1.38, (108)]. 
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Figure 12: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p.falciparum malaria in African children on PCR unadjusted treatment 

failure on day 42. 

Meta- regression of PCR-unadjusted treatment failure on day 42 

 

The meta-regression didn‟t explain the variation in the treatment failure. So, this variation 

might be caused due to sampling error.  

 Publication bias  

 

The funnel plot showed that all studies did not lie symmetrically around the pooled effect 

estimate implying that there was a publication bias (egger‟s test: -2.48 ( 95% CI -4.55, -0.42), 

P= 0.021). We used the trim-and-fill procedure and the funnel plot which included the 

imputed studies showed symmetrical distribution of the studies around the pooled estimate. 

 

The P-curve evaluation showed that 13 studies were included into the analysis, of which 12 

had a P-value lower than 0.025. The power of the analysis was 95% (95% CI: 87%, 98%). 

The result showed that the evidential value was present, and there was a true effect size 

behind our findings, and that the results were not the product of publication bias and P-

hacking alone Figure 13.   
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Figure 13: P-curve of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on PCR unadjusted treatment 

failure on day 42. 

 

PCR-adjusted total failure on day 42 

 

The risk of recurrent parasitaemia due to possible recrudescence was significantly lower for 

participants treated with DHA-PQ than those treated with AL in three studies and no 

significant difference in risk of genotyping corrected treatment failure was found between the 

two treatment groups in twelve studies. The overall genotyping adjusted risk of treatment 

failure due to recrudescence of parasitaemia were lower for patients treated with DHA-PQ 

than that that of treated with AL (RR 0.60, 95% CI 0.47 to 0.78; participants = 5959; studies 

= 17; I
2
 = 0%, high quality of evidence, Figure 14). 
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Figure 14: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on PCR adjusted treatment 

failure on day 42. 

Publication bias 

 

The funnel plot showed that all studies lied symmetrically around the pooled effect estimate 

implying that there was no publication bias (egger‟s test: -1.06(95% CI -2.38, 0.25), p=0.10, 

Figure 15). 

 

Figure 15: Funnel plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on PCR adjusted treatment 

failure on day 42. 
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PCR-unadjusted total failure on day 63 

 

Three studies with 3365 participants were included in this analysis. The result had 

considerable heterogeneity (Tau² = 0.21; Chi² = 18.62, df = 2 (P < 0.0001); I² = 89%, 

moderate quality of evidence) and we couldn't pool the result. It is more important to take in 

to account individual study results. The PCR uncorrected treatment failure in patients treated 

with DHAPQ was significantly lower than that of treated with AL RR 0.38on day 63 in two 

studies [95% CI 0.28, 0.52] and RR 0.76 [95% CI 0.70, 0.84]). However, the relative risk of 

genotyping uncorrected treatment failure was not significantly different between the two 

treatment groups (109) 1.01 [95% CI 0.32, 3.16], Figure 16.  

 
Figure 16: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on PCR unadjusted treatment 

failure on day 63. 

 

PCR-adjusted total failure on day 63 

 

No significant difference between the two groups was observed on day 63. Similarly, the 

pooled genotyping adjusted risk of treatment failure due to recrudescence of parasitaemia 

was lower in both treatment arms without statistically significant difference (RR 0.87, 95% 

CI 0.57 to 1.34; participants = 3384; studies = 4; I
2
 = 28%, high quality of evidence, Figure 

17) 
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Figure 17: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on PCR adjusted treatment 

failure on day 63. 

 

PCR unadjusted and adjusted treatment failure on day 84 

 

Two studies have followed the patients up to 84 days. The PCR adjusted treatment failure on 

day 84 was more than 10% in AL treatment group (110) . The number of re-infection was the 

same in both treatment groups on day 84. 

 

Fever clearance 

Fever clearance on Day 1 

 

Twelve studies with 6885 participants reported fever clearance on day 1, but the pooled result 

showed considerable heterogeneity between studies (Tau² = 0.01; Chi² = 41.00, df = 11 (P < 

0.0001); I² = 73%, Figure 18. We couldn‟t figure out the reason for heterogeneity between 

studies and we could not pool them.  

Outlier assessment and influence case analysis  

 

Only one outlier study (111) had an effect on the overall effect estimate. The pooled result 

after removing the outlier study showed considerable heterogeneity (Tau² = 0.0074; tau = 

0.0858; df = 10 (P= 0.0053); I² = 60.0%). The influence analysis showed that one study had 

influence on the overall effect estimate. The Baujat plot showed that two studies had 

contributed for heterogeneity between studies and one study had an influence on the overall 

pooled result of our meta-analysis. 
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Leave-one-out analysis 

 

The leave-one-out analysis showed that two studies had an influence on the heterogeneity 

between the included studies. The overall effect size of our meta-analysis was influenced in 

three studies. 

GOSH Plot Analysis 

 

The GOSH plot analysis showed that there was one cluster with high heterogeneity between 

studies and anther one with low heterogeneity between the included studies. We had detected 

seven outlier studies which might cause the cluster imbalance and performed meta-analysis 

without including them. Majority of these outlier studies were detected by DBSCAN and the 

Gaussian Mixture model. However, the pooled result after removing those seven studies 

showed low heterogeneity between included studies (Tau² = 0; tau= 0, df = 4 (P = 0.6); I² = 

0%).  

 

Seven studies reported that fever clearance on day one was higher in DHA-PQ treatment 

group than AL RR 0.77 [95% CI 0.61, 0.98, (99)], RR 0.81 [95% CI 0.70, 0.95, (100)], RR 

0.77 [95% CI 0.65, 0.91, (101)], RR 0.62 [95% CI 0.47, 0.80, (91)], RR 0.53 [95% CI 0.40, 

0.70, (111)], RR 0.93 [95% CI 0.86, 1.00, (80)], and RR 0.90 [95% CI 0.82, 1.00]. However, 

no significant difference in fever clearance was found between the two treatment groups in 

five studies RR 1.00 [0.87, 1.14,(98)], RR 1.67 [95% CI 0.64, 4.35, (112)], RR 1.00 [95% CI 

0.92, 1.09, (102)], RR 0.72 [95% CI 0.30, 1.76, (104)], and RR 0.93 [95% CI 0.82, 1.05(28)]. 

In addition three studies which were not included in our meta-analysis reported that no 

significant difference was observed between the two treatments (81, 107, 108). The overall 

pooled result after excluding the outlier studies showed that fever clearance on day one was 

higher in patients who were treated with DHA-PQ than AL (RR 0.93, 95% CI 0.89 to 0.98; 

participants = 2291; studies = 12; I
2
 = 0%, Figure 18). 
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Figure 18: Forest plot of comparison for DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on Fever clearance on day 1. 

 

Meta-regression  

 

HIV infection has inverse relationship with fever clearance (P=0.0001). The relative risk of 

fever clearance on day one post-treatment was lower by 67.5% in studies with both HIV 

infected and uninfected children than studies with HIV negative children (Table). The HIV 

infection was related to fever clearance on days one post treatment (Q=16.20, df=1, 

P=0.0001), Table 3. 

 

The variance in fever clearance on day one post treatment about the regression line (Tau
2
) 

was 0.0034, the standard deviation of true effects about the regression line (Tau) is 0.058. 

The I
2 

statistic was 39.8%, which tells us that some 40% of the observed variance about the 

regression line reflects variation in fever clearance at day one post treatment rather than 

sampling error. The test for heterogeneity yields a Q-value of 16.62 with 10 degrees of 

freedom and a corresponding p-value 0.083. The dispersion of effects about the regression 

line exceeded the amount we would expect to see based on sampling error alone and the 

model did not fully explain the variation in effects. Besides, from the total variance in fever 
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clearance on day one post treatment only 74% of the variability explained by HIV status of 

the participants, Figure 19. 

 

Table 3:  Meta-regression analysis of fever clearance on day 1. 

Covariate  Coefficient  SE 95% 

Lower 

95% 

Upper  

Z-value 2-sided  

P-value 

Intercept  -0.0802 0.0318 -0.1426 -0.0178 -2.52 0.0118 

HIV status: HIV positive 

and negative children  

-0.3249 0.0807 -0.4832 -0.1667 -4.02 0.0001 

 

Fever clearance on Day 2 

High resolution of fever observed in majority of the participants without a statistically 

significant difference between the two treatment arms on day 2 in eleven studies, while those 

treated with DHA-PQ underwent high resolution of fever in one study (RR 0.86, 95% CI 0.71 

to 1.04; participants = 4971; studies = 11; I
2
 = 31%, Figure 20).  

Fever clearance on Day 3 

Fever had resolved in the majority of patients irrespective of treatment arms on day 3 in all 

six trials (RR 1.07, 95% CI 0.85 to 1.34; participants = 4664; studies = 11; I
2 

= 0%, Figure 

20). 

 

 

 
Figure 19:  Meta-regression of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on Fever clearance on day 1. 
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Figure 20: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on fever clearance. 

 

Parasite clearance 

Parasite clearance at Day 1 

 

The pooled result had a considerable heterogeneity between studies (Tau² = 0.01; Chi² = 

15.69, df = 4 (P = 0.003); I² = 75%, Figure 21 ). We couldn‟t pool the result. 

Outlier assessment and influence case analysis 

 

We observed no outlier study in this outcome. The influence analysis showed that one (110) 

study had an influence on the overall effect estimate of our meta-analysis. The Baujat plot 

also showed that one study had a significant contribution for the heterogeneity between the 

included studies. 
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Leave-one-out analysis 

 

The leave-one-out analysis also showed that the above study had a significant contribution 

for the heterogeneity between the included studies. As we saw on Baujat plot a study 

conducted in Tanzania had an effect on the overall effect estimate. 

Sub-group analysis  

 

We did subgroup analysis and found a significant difference between the two sub-groups 

(Chi² = 4.40, df = 1 (P = 0.04), I² = 77.3%). By day one, the proportion of participants with 

parasitaemia in under five children was significantly lower in the DHA-PQ treatment group 

than AL (RR 0.82, 95% CI 0.75 to 0.90; participants = 2450; studies = 4; I
2 

= 65%, Figure 

21). Similarly, the prevalence of parasitemia was significantly lower in DHA-PQ treatment 

arm than that of AL in children between the age of six months to 15 years (RR 0.93, 95% CI 

0.86 to 1.00; participants = 507; studies = 1; I
2
 = 0%, Figure 21).  

Parasite clearance on Day 2 

 

The percentage of patient with paracitemia on day two was significantly lower in patient 

treated with DHA-PQ than that of AL. In ten studies, we found no significant difference 

between the two treatment arms. The pooled result showed that the percentage of patients 

with parasitemeia on day 2 was significantly lower in patients who were treated with DHA-

PQ than AL (RR 0.74, 95% CI 0.61 to 0.90; participants = 6065; studies = 13; I
2
 = 12%, 

Figure 22). 

 

Parasite clearance on Day 3 

 

In majority of the studies, the proportion of participants with detected parasitemia was lower 

in both treatment arms without significant difference on day 3 (RR 0.99, 95% CI 0.50 to 

1.98; participants = 6635; studies = 13; I
2
 = 0%, Figure 22) and none of the patients in both 

treatment groups had parasite in their blood in four studies (98-100, 110). Studies which were 

not included in our meta-analysis reported that no significant difference was found in parasite 

clearance between the two treatments on day 3 (28, 81, 107, 108). However, in one study, the 

majority of the children from DHA-PQ treatment group had parasite clearance on day 3 

(110). 
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Figure 21: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum in African Children on parasite clearance on day 1. 

 

Gametocytes 

Gametocyte Carriage at Baseline 

 

In one multi-center study the appearance of gametocytes at baseline was lower in patients 

treated with AL than DHA-PQ (81), and we no statistically significant difference in the 

emergence of gametocyte between two treatments in other studies. The pooled result showed 

that the emergence of gametocyte had no significant difference between the two treatment 

arms (RR 1.00, 95% CI 0.82 to 1.22; participants = 9283; studies = 14; I
2
 = 40%, Figure 23). 
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Figure 22: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p .falciparum malaria in African children on parasite clearance on days 

2 and 3. 

 
Figure 23: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on Gametocyte carriage at 

Baseline. 
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Gametocyte carriage on days 1-14 

 

The appearance of gametocyte was lower in patients treated with AL than DHA-P in one trial 

(101), and it was lower in both treatment groups in the other three trials. The overall 

gametocyte appearance on days 1-14 was significantly lower in both treatment arms without 

significant difference (RR 1.78, 95% CI 0.65 to 4.90; participants = 2294; studies = 5; I
2
 = 

39%, Figure 24). 

Gametocyte carriage on day 15-28  

 

On days 15-28, no significant difference was found in the emergence of gametocyte between 

the two treatment arms (RR 0.50, 95% CI 0.09 to 2.89; participants = 2042; studies = 4; I
2 

= 

54%, Figure 24). 

Gametocyte carriage on day 29-42  

 

Between days 29-42, the appearance of gametocyte was lower in DHA-PQ treatment group 

than AL in one study (100). But, no significant difference was found in the emergence of 

gametocyte between the two treatment arms in the other two studies. Similarly, the pooled 

result showed that the emergence of gametocyte was the same in both treatment groups (RR 

0.40, 95% CI 0.13 to 1.24; participants = 1218; studies = 3; I
2 
= 43%, Figure 24). 

Gametocyte carriage on day 0-84 days 

 

Between 0-84 days several studies also reported the emergence of gametocyte. All the studies 

reported consistent result that the emergence of gametocyte was lower in both treatment arms 

(RR 2.00, 95% CI 0.18 to 21.90; participants = 456; studies = 1, day 0-35, (104)),  (RR 0.77, 

95% CI 0.49 to 1.21; participants = 599; studies = 1, day 1-3, (106)), (RR 2.35, 95% CI 0.62 

to 8.93; participants = 375; studies = 1, day 1-42, (99)), (RR 0.43, 95% CI 0.11 to 1.65; 

participants = 599; studies = 1, day 4-42, (106) ) and  (RR 2.59, 95% CI 0.51 to 13.20; 

participants = 474; studies = 1,day 7-84, (110)). 
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Figure 24:  Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on Gametocyte carriage. 

 

Anemia 

Mean Hemoglobin at baseline 

 

There was no significant difference in the mean hemoglobin level at baseline in both 

treatment arms (SMD 0.00, 95% CI -0.06 to 0.06; participants = 10080; studies = 18; I
2
 = 

45%, Figure 25). Similar result was obtained in a study conducted in Kenya (27).  
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Figure 25: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on Anemia. 

 

Mean Hemoglobin change on day 28 from the baseline 

The mean change on hemoglobin on day 28 from the baseline was significantly higher in 

patients treated with DHA-PQ than AL (SMD 0.15, 95% CI 0.05 to 0.26; participants = 

2715; studies = 4; I
2
 = 32%, high quality of evidence, Figure 26). A study from Zambia also 

reported the same result (30).  

 

Figure 26: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on Anemia. 
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Mean Hemoglobin change from baseline to Day 0-7 

 

The mean change in Hemoglobin from baseline was the same in both treatment groups (MD 

0.09, 95% CI -0.26 to 0.44; participants = 418; studies = 1, day 0-7, (107)) and the 

mean(g/dl) hemoglobin level was also the same in both arms (MD 0.36, 95% CI -0.02 to 

0.74; participants = 146; studies = 1, day 28, (112) and (MD 0.40, 95% CI 0.08 to 0.72; 

participants = 375; studies = 1, day 42,(99)). 

 

Mean Hemoglobin change on day 42 from the baseline 

 

The mean change in Hemoglobin on day 42 from the baseline was significantly higher in 

participants who were treated with DHA-PQ than that of treated with AL (MD 0.35, 95% CI 

0.12 to 0.59; participants = 1434; studies = 3; I
2
 = 35%, high quality of evidence, Figure 27). 

 

Figure 27: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on anemia. 

 

Adverse events 

Most of the adverse events were coherent with symptoms due to malaria and they were mild 

or moderate. However, some respiratory, gastrointestinal, and neuropsychiatry adverse events 

like cough, early vomiting, anorexia, diarrhea, vomiting, and weakness were the most 

common adverse events within the included studies in the safety analysis. In addition, there 

was a significant difference in the prevalence of patients who experienced some adverse 

events of mild and moderate severity between the two treatment arms. 

Three studies which were not included in the meta-analysis also reported adverse events. 

Both treatments were well tolerated in study from Kenya and adverse events were not related 
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with the study drugs. Studies from Nigeria reported convulsion, joint pain, diarrhea, stomach 

pain, itch, rash, palpitation, inability to eat, sleep, and drink were reported within the first 3 

days and also, in one study from Guinea-Bissau, cough and running nose were the most 

commonly reported AEs. Other AEs like fever, anorexia, vomiting, abdominal pain, diarrhea, 

weakness, poor sleep, and headache also reported. However, high numbers of AEs were 

reported from DHA-PQ treatment group. 

Gastrointestinal adverse events  

Early vomiting  

 

The relative risk of early vomiting was higher in patients treated with DHA-PQ was higher 

than AL (RR 2.26, 95% CI 1.46 to 3.50; participants = 7796; studies = 10; I
2
 = 0%, high 

quality of evidence, Figure 29). 

Publication Bias  

 

The funnel plot shows that all studies lied symmetrically around the pooled effect estimate 

implying that there was no publication bias (P= 0.5, Figure 28). 

 

Figure 28: Funnel plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on gastrointestinal adverse 

events (early vomiting). 

Diarrhea 

 

Similarly, the relative risk of diarrhea was higher in patients treated with DHA-PQ was 

higher than AL (RR 1.16, 95% CI 1.03 to 1.31; participants = 6841; studies = 11; I
2 

= 8%, 

high quality of evidence, Figure 29).  
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Figure 29: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on gastrointestinal adverse 

events. 

 

Publication bias  

 

The funnel plot showed that all studies lie symmetrically around the pooled effect estimate 

implying that there was no publication bias (P= 0.9, Figure 30). 
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Figure 30: Funnel plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on gastrointestinal adverse 

events (diarrhea). 

Vomiting  

 

Thirteen studies reported vomiting as an adverse event and in one study more patients from 

DHA-PQ group experienced vomiting (104). However, there was no significant difference 

between the two treatment groups (RR 1.02, 95% CI 0.87 to 1.19; participants = 8789; 

studies = 13; I
2
 = 20%, high quality of evidence, Figure 31). 

 
Figure 31: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on vomiting. 
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Publication bias  

 

The funnel plot showed that all studies lied symmetrically around the pooled effect estimate 

implying that there was no publication bias (P= 0.47, Figure 32). 

 

Figure 32: Funnel plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on vomiting. 

Anorexia  

 

Eleven studies reported anorexia as an adverse event, and significant difference in the risk of 

anorexia between the two treatment groups was not found (RR 0.95, 95% CI 0.84 to 1.07; 

participants = 6841; studies = 11; I
2
 = 0%, high quality of evidence, Figure 33).  Also, eight 

studies reported abdominal pain as an adverse event, and in two studies more patients from 

AL treatment group developed abdominal pain in two studies. In one study, more patients 

developed abdominal pain from DHA-PQ treatment group (73). However, the relative risk of 

abdominal pain didn‟t have significant difference between the treatment groups (RR 0.80, 

95% CI 0.57 to 1.11; participants = 2732; studies = 8; I
2
 = 53%, high quality of evidence, 

Figure 33). 

Other gastrointestinal adverse events  

There was no significant difference between the two arms in the relative risk of 

gastroenteritis and loss of appetite (RR 0.57, 95% CI 0.19 to 1.68; participants = 469; and RR 

2.06, 95% CI 0.52 to 8.14; participants = 469; studies = 1, (35) ), respectively.  

Biochemistry tests for liver and renal function before and after treatment 

ALAT with clinically significant values above normal range between days and 28 

 

Two studies (81, 102) reported clinically significant elevation ALAT value above the normal 

range. It was significantly higher in patients treated with DHA-PQ than AL (102). However, 
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no significant difference seen between the two treatment arms in the overall result (RR 0.52, 

95% CI 0.32 to 0.84; participants = 4116; studies = 2; I
2
 = 0%, Figure 34).  

 

Figure 33: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on Gastrointestinal Adverse 

event. 

One study reported clinically significant elevation ALAT value above the normal range on 

days 7 and 28, and the relative risk of having clinically significant elevation ALAT value 

above the normal range did not have significant difference between the treatment arms (RR 

0.61, 95% CI 0.14 to 2.74; participants = 2392; studies = 1) and (RR 2.93, 95% CI 0.33 to 

26.14; participants = 2161; studies = 1), respectively.  

Creatinine with clinically significant values above normal range between days 0 and 28  

 

In one study a clinically significant elevation in creatinine values above normal range. 

However, the relative risk of developing a clinically significant elevation in creatinine values 

above normal range did not have significant difference between the treatment arms (RR 4.25, 

95% CI 0.20 to 88.36; participants = 2537; studies = 1) and (RR 0.15, 95% CI 0.01 to 3.16; 

participants = 2108; studies = 1), respectively.  
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Figure 34: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on liver and renal functions 

tests before and after treatment. 

Cardio-respiratory adverse events 

Cough 

 

Cough was the most common cardio-respiratory adverse event, and significantly higher 

number of patients from DHA-PQ treatment arm had cough (RR 1.06, 95% CI 1.01 to 1.11; 

participants = 8013; studies = 13; I
2
 = 0%, high quality of evidence, Figure 36).  

Publication bias 

 

The funnel plot showed that all studies lie symmetrically around the pooled effect estimate 

implying that there was no publication bias (P= 0.84, Figure 35). 

 

Figure 35: Funnel plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on cough. 



56 | P a g e  

 

Other cardiorespiratory and hematological adverse events  

 

 The relative risk of developing coryza was significantly higher in DHA-PQ treatment group 

than AL in one study, but no significant difference between the two treatment arms was seen 

in the pooled result (RR 1.00, 95% CI 0.92 to 1.10; participants = 832; studies = 2; I
2 

= 0%, 

Figure 36). In addition, the relative risk of  respiratory adverse events such as  rhinorrhea, 

respiratory tract infection, rhinitis, and pallor didn‟t have significant difference between the 

two treatment arms (RR 1.59, 95% CI 0.89 to 2.83; participants = 442; studies = 1, (105) ), 

(RR 1.23, 95% CI 0.59 to 2.57; participants = 299; studies = 1, (30)), (RR 3.35, 95% CI 1.11 

to 10.12; participants = 469; studies = 1, (35)), 95% CI 0.91 to 1.92; participants = 1548; 

studies = 1,(102)).  

 

Two studies reported anemia as an adverse event, and the pooled result had considerable 

heterogeneity (Tau² = 0.75; Chi² = 7.06, df = 1 (P = 0.008); I² = 86%). We couldn‟t pool the 

result. The relative risk of developing anemia as an adverse event was the same in both 

treatment groups RR 3.10 [95% CI 2.18, 4.39,(81)] and RR 0.82 [95% CI 0.33, 2.05, (35)], 

Figure 36. In addition, Hematological adverse events such as decrease in hemoglobin level 

and neutropenia didn‟t also have significant difference between the two arms (RR 1.04, 95% 

CI 0.78 to 1.37; participants = 2693; studies = 1, (81)) and (RR 0.74, 95% CI 0.36 to 1.52; 

participants = 1548; studies = 1, (102)), and (RR 1.70, 95% CI 0.87 to 3.31; participants = 

599; studies = 1, (106)), respectively.  Similarly, the relative risk of cardiac adverse events 

like QTc interval prolongation and QTc interval prolongation (Fridericia‟s correction and 

Bazett‟s correction) a significant difference didn‟t also seen between the two treatment arms 

(RR 0.98, 95% CI 0.51 to 1.90; participants = 1548; studies = 1, (102) and (RR 0.98, 95% CI 

0.09 to 10.81 and RR 1.32, 95% CI 0.91 to 1.92, participants= 1548, studies= 1, (102)). 

Neuropsychiatry adverse event 

weakness/malaise 

 

There was no significant difference in the relative risk of developing weakness or malaise 

between the two treatment arms (RR 0.88, 95% CI 0.74 to 1.03; participants = 3407; studies 

= 8; I
2
 = 0%, high quality of evidence, Figure 37). Also, there was no significant difference 

in the relative risk of headache between the two treatment arms (RR 0.81, 95% CI 0.47 to 

1.38; participants = 598; studies = 3; I
2
 = 72%, Figure 37). 
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Figure 36: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on cardio-respiratory adverse 

events. 

 

Musculoskeletal/dermatological adverse events 

Pruritus  

 

Pruritus was the most common dermatological adverse event and the relative risk of 

developing pruritus was not significantly different between the two treatment groups (RR 

1.00, 95% CI 0.56 to 1.78; participants = 1952; studies = 5; I
2 

= 49%, moderate quality of 

evidence, Figure 38). Also, there was no significant difference in the relative risk of 

developing skin rash between the two treatment groups (RR 1.40, 95% CI 0.99 to 1.96; 

participants = 1720; studies = 3; I
2
 = 0%, Figure 38).  
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Figure 37: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on Neuropsychiatry adverse 

event. 

Other Musculoskeletal/dermatological adverse events 

 

There was no significant difference in the relative risk of developing musculoskeletal or 

dermatological adverse events such as skin and subcutaneous disorder, urticarial, 

hypersensitivity, pyoderma, conjunctivitis, joint pain, tinea-capitis, itchiness, frunculosis;  

(RR 1.19, 95% CI 0.78 to 1.80; participants = 1548; studies = 1, (102)), (RR 0.25, 95% CI 

0.02 to 2.70; participants = 1548; studies = 1, (102)), (RR 0.98, 95% CI 0.09 to 10.81; 

participants = 1548; studies = 1, (102)), (RR 1.00, 95% CI 0.33 to 3.05; participants = 442; 

studies = 1, (105)), (RR 0.47, 95% CI 0.19 to 1.12; participants = 442; studies = 1, (105)),  

(RR 0.49, 95% CI 0.07 to 3.46; participants = 418; studies = 1, (107)),  (RR 1.24, 95% CI 

0.54 to 2.81; participants = 469; studies = 1, (35)), (RR 0.34, 95% CI 0.01 to 8.22; 

participants = 703; studies = 1,(73)) and (RR 3.03, 95% CI 0.12 to 74.02; participants = 703; 

studies = 1, (73)), respectively. 

 

Other adverse events 

Pyrexia 

 

The relative risk of pyrexia was the same in both treatment groups (RR 0.94, 95% CI 0.85 to 

1.04; participants = 4620; studies = 6; I
2
 = 0%, Figure 39). Similarly, the relative risk of 

otitis media was the same in both treatment groups (RR 0.66, 95% CI 0.23 to 1.91; 

participants = 1157; studies = 2; I
2
 = 0%, Figure 39). 
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Figure 38: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on Musculoskeletal or 

dermatological adverse events. 
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Figure 39: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on Other Adverse events. 

 

Serious adverse event  

 

Fifty nine serious adverse events (SAEs) from DHA-PQ and 35 SAEs from the AL treatment 

arm were reported from fourteen studies. However, there was no significant difference in the 

distributions of SAEs the two treatment arms (RR 1.27, 95% CI 0.83 to 1.96; participants = 

9558; studies = 14; I
2
 = 0%, high quality of evidence, Figure 40). Eight deaths were reported 

from two multi-center trials and the cause of death for seven of them were sepsis, severe 

malaria, and severe diarrhea. But, the causal relationship of the study drug and death of one 

participant didn‟t rule out. All serious adverse events were likely a consequence of malaria 

and judged to be unrelated to study medications. 
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Figure 40: Forest plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on serious adverse event 

(including death). 

 

Publication bias 

 

The funnel plot showed that all studies lied symmetrically around the pooled effect estimate 

implying that there was no publication bias (P= 0.50, Figure 41). 

 

Figure 41: Funnel plot of comparison between DHA-PQ and AL for treatment of 

uncomplicated p. falciparum malaria in African children on serious adverse event 

(including death). 
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Sensitivity analysis  

To explore the robustness of the methodology applied in the main analysis, a series of 

sensitivity analyses was done. This analysis aimed to restore the reliability of the 

randomization process. We have done the analysis by adding removed groups back into the 

analysis in a stepwise fashion and by removing studies classified as high risk of bias. 

Furthermore, to assess the influence of small-study effects on the results of our meta-analysis, 

we have compared random-effects and fixed-effect estimates of the intervention effect. 

However, we haven‟t seen any change in the result of the primary outcome. 

Quality of the evidence 

The quality of the evidence was explored in this review using the GRADE approach and 

summary of findings tables for efficacy, hemoglobin recovery, and safety (Summary of 

findings for the main comparison; Appendix 5) were used to present the result. 

 

The evidence that DHA-PQ was more effective than that of AL on day 28 and 42 uncorrected 

by genotyping was of high and moderate quality of evidence. There was considerable 

heterogeneity between studies on the pooled result of PCR uncorrected treatment failure on 

days 28 and 42. In addition, DHA-PQ consistently superiority over AL on days 28 and 42 

corrected by PCR was of high quality of evidence and both DHA-PQ and AL achieved 

superior than the WHO standard of 95% genotyping corrected treatment success on day 28 in 

majority of the studies (high quality of evidence). Nevertheless, the hemoglobin recoveries 

from the baseline were significantly higher in patients who were treated with DHA-PQ than 

that of AL (high quality of evidence). Also, the assessment of the quality of evidence on 

comparative AEs and SAEs; early vomiting, diarrhea, vomiting, and cough were somewhat 

more common in DHA-PQ treatment group (high quality of evidence). In General, the quality 

of evidence of safety of the two treatments groups were high quality. 
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Chapter five: Discussion  

Summary of findings  

 

This study was designed to explore the therapeutic efficacy and safety of DHA-PQ and AL 

for management of uncomplicated falciparum malaria in African children. In this study, the 

28 and 42 days PCR uncorrected treatment failure of DHA-PQ was significantly lower than 

that of AL (high and moderate quality of evidence). There were 19 early treatment failures in 

the DHA-PQ group arm versus 30 in the AL arm. The 28 and 42-days PCR corrected 

treatment failure in patients receiving DHA-PQ were significantly lower than those patients 

receiving AL (high quality of evidence).  The genotyping adjusted treatment failure on day 28 

was below 5% in both treatment groups and similar result was seen in DHA-PQ treatment 

arm on day 42. On the contrary, a study from Burkina Faso reported that the PCR corrected 

treatment failure in AL treatment arm was 28%. This result showed the need for national 

malaria treatment policy change because it was higher than the WHO cut-off (≥10%) (2). 

However, the 63-day PCR uncorrected and corrected treatment failure in patients receiving 

DHA-PQ were not significantly different to those seen in patients receiving AL (moderate 

and high quality of evidence).  

 

Patients in the DHA-PQ treatment group cleared their fever quicker than those in the AL 

group on post treatment day. This difference between the two treatment groups, however, 

implies that patients taking DHA-PQ were relieved of the symptom much faster compared to 

those treated with AL, and this did not influence the outcome of treatment. However, 

majority of the patients in both treatment groups cleared their fever on day 3. Furthermore, 

many under five children treated with DHA-PQ had parasite clearance on day 1. 

Consistently, participants from DHA-PQ treatment group had parasite clearance than that of 

patients who were treated with AL. On day 3, the majority of the children in both treatment 

arms had parasite clearance. 

 

There was no significant difference in the serum hemoglobin level between the two treatment 

groups at baseline. However, a significant increase in hemoglobin level was observed in 

patients treated with DHA-PQ compared to that of AL (high quality of evidence) on days 28 

and 42. Both treatments were well tolerated by children. There were comparable occurrences 
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of adverse events in both treatment arms. But, early vomiting, diarrhea, vomiting, and cough 

were common in patients treated with DHA-PQ than that of AL (high quality of evidence). 

All SAEs were not associated to study drugs. Eight deaths were also reported. All SAEs were 

consistent with malaria symptoms and judged to be unrelated to study medication.  

Public health implications 

 
The therapeutic efficacy of antimalarial drugs should be monitored regularly using the 

standard WHO protocol.  It involves assessing clinical and parasitological outcomes of 

treatment for at list 28 days post treatment and the appearance of parasite in the blood also 

monitored.  To distinguish true treatment failure from new infection, PCR genotyping should 

be used. If the PCR corrected treatment failure is greater than the cut-off (≥10%),  the WHO 

recommend a change in national malaria treatment policy (2).  

 

In the majority of African countries, the first-line drug for uncomplicated malaria is generally 

AL or AS/AQ, with DHA-PQ as a second line one in many countries (9, 10).  The observed 

lower PCR unadjusted treatment failure on days 28 and 42 in DHA-PQ treatment arm was 

similar with that of former reviews from Africa (12, 13). As seen in Myanmar, Papua New 

Guinea, Angola, and elsewhere in Africa, recurrent parasitaemia due to recrudescence occurs 

significantly more frequently in those patients treated with AL in the first 28 days (61, 113-

117). In addition, DHA-PQ has shown extended post-treatment prophylactic effect in Africa, 

which decreased the risk of new infections after treatment compared to AL (13). This 

difference might be attributed to the evening doses of AL given at home unsupervised; to 

administration of AL without fatty food for less than 10% of lumefantrine is absorbed in 

empty stomach (22) and to the longer elimination half-life of  piperaquine (23–28 days) 

compared with that for lumefantrine (3.2 days), which provides long- lasting post treatment 

prophylactic effect (20, 118). For patients who live in areas where malaria transmission is 

higher and reinfection is likely, longer post treatment prophylactic period might have a great 

advantage (119), but due to the sub-therapeutic drug levels, selection for resistant parasite 

may occur (120). For patients who live in areas where malaria transmission  is low, the 

benefit of drug‟s longer post treatment prophylactic period is low and the probability of 

developing drug resistance is higher (121). Using these drugs with longer post treatment 

elimination half-life in these settings might be disadvantageous.    
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However, no significant difference was seen on PCR adjusted treatment failure between the 

two treatment groups on days 28 and 42 (60, 122). Similarly, a former review reported that in 

no significant difference between the two treatment groups was seen on days 28 and day 63 

in Papua New Guinea and Asia (13). During malaria endemics, a drug with a longer 

prophylactic effect might limit presumptuous transmission of malaria. On the contrary, AL 

has shown a significant reduction in PCR adjusted treatment failure in Asia and Senegal on 

days 28 and 42, respectively (12, 61, 123). Fever is one of the usual symptom of malaria that 

commonly causes discomfort. Thus, it was encouraging that in many studies from Africa, 

Ocean and Asia that the resolution of fever on days 2 and 3 was excellent in both treatment 

groups without a statistically significant difference (51, 122, 124, 125).  

 

According to WHO (2, 70), suspected artemisinin resistance is defined as a delayed parasite 

clearance (slope half-life > 5 hr or day 3 positivity rate > 10%). Although the predominant 

function of artemisinin is early parasite clearance, artemisinin component and partner drugs 

used in various ACT may also influence early parasite clearance. The absence of artemisinin 

resistance and the lower percentage of patients with detected parasitaemia regardless of the 

treatment group on day 3 observed in this study may suggest that P. falciparum remains 

sensitive to artemisinin derivatives. Other studies conducted in Papua New Guinea (113) and 

elsewhere in Africa (51, 126, 127) reported that artemisinin resistance has not emerged in 

Africa and Ocean. Furthermore, some molecular studies in Africa indicated nonappearance of 

the known mutations in klecher-13(K-13) gene which associated with artemisinin resistance 

in SEA (68, 128, 129), meaning that this drugs are quiet effective and their capacity of 

parasite clearance has not been changed. However, artemisinin resistance has been spreading 

in SEA (64, 130), to prevent the potential emergence artemisinin resistance, African countries 

have to be cautious through continuous monitoring of the parasite clearance and efficacy of 

artemisinin combination therapies, and surveillance of polymorphism in the klecher-13 gene 

mutation. 

In Africa settings, several risk factors were associated with persistent parasitaemia on days 1 

and 2 after commencement of therapy were identified (91). Considering persistent 

parasitaemia on day an elevated pre-treatment temperature and higher pretreatment parasite 

density with AL were independently associated with a significantly increased risk of 

persistent parasitaemia. Considering persistent parasitaemia on day 2, an elevated pre-
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treatment temperature, higher pre-treatment parasite density and being HIV infected were 

independently associated with a significantly increased risk of persistent parasitaemia (91). 

Young children presented with acute malaria and high parasitaemia have the highest risk of 

anemia (131). Especially, p.falciparum has a strong association with anemia in a place where 

malaria transmission intensity is moderate (132). In the first two days after treatment majority 

of the patients experience decrease in hemoglobin level, followed by a linear increase 

afterward (131). Similarly, patients from both treatment groups experienced significant drip 

in hemoglobin level within the first seven days after treatment (113, 126), and hemoglobin 

level significantly improved in both treatment arms on days 28 and 42 (122). On the other 

hand, in one study from Papua New Guinea, patients with AL treatment arm had significantly 

higher hemoglobin recovery from the baseline than those with DHA-PQ (113). One Per-

treatment parasitaemia, age difference, baseline hemoglobin level, helminthic infection, 

concurrent infection, parasite clearance rate, nutritional status, and other conditions 

associated with anemia determines the degree of hemoglobin drip (80, 131, 133-135). 

In this study both drugs were well tolerated by children. As also seen in one study from 

Papua New Guinea, the overall frequency of adverse events were slightly higher in DHA-PQ 

treatment arm than that of AL.  However, Cough was more frequent in patients who were 

treated with AL, but headache and runny nose were common in DHA-PQ treatment group 

(113). A recent review on the efficacy and safety of the two ACT‟s also reported that 

vomiting, diarrhea, anorexia, and cough were the most frequent AEs. In this review more 

patients from DHA-PQ treatment arm had cough than that of AL (51) and similarly, 

gastrointestinal adverse events were more frequent in patients who were treated with DHA-

PQ in another study done in South East Asia and Africa (36, 136-138). Studies from Thiland-

Mynamar border (33, 139) and elsewhere in Africa (32, 34, 140, 141) have reported that 

DHA-PQ cause drug induced electrocardiographic QT prolongation. Regardless of the 

treatment groups, most of these adverse events are associated with age (≤18 years) (138), 

efavirenz-based ART (142), and administration of DHA-PQ with food could increase 

piperaquine exposure and it needs to be administered in fasting state (32-34). 

The current malaria treatment guideline for P.falciparum is effective in Africa at present. 

However, insufficient drug levels, ineffectiveness of antimalarial drugs, and drug resistance 

could lead to treatment failure. Further studies should be conducted in different African 
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countries with different malaria transmission intensity to identify the risk factors for 

treatment failure.  

Study limitation 

 
This study has two limitations. Most of the studies were not blinded and the efficacy and 

safety assessments were potential for bias. This review could not be a strong evidence for the 

long term prophylactic effect of the two drugs up to day 63. 

 

Conclusion  

 

This systematic review and meta-analysis show higher efficacy of DHA-PQ on days 28 and 

42 than that of AL and association with gastrointestinal and respiratory adverse events. 

However, both treatments were safe and tolerable. While AL may continue to be used, DHA-

PQ may be recommended as an alternative first line treatment for uncomplicated falciparum 

malaria in Africa.  

 

Recommendations 

 DHA-PQ better be the first line treatment. 

 Trials that explore the long-term efficacy of DHA-PQ and AL with 42 and 63 days 

follow up better be carried out. 

 To assess the safety profile of DHA-PQ well supervised study better be carried out. 

 To identify molecular markers which are related to ACT resistance, comprehensive 

study using molecular technique better be conducted. 
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Appendix 1: Detailed search strategy  

Search set CENTRAL
 a
 MEDLINE EMBASE 

1.  malaria malaria malaria 

2.  arte* arte* arte* 

3.  dihydroarte* dihydroarte* dihydroarte* 

4.  amodiaq* amodiaq* amodiaq* 

5.  lumefantrine lumefantrine lumefantrine 

6.  Coartem* Coartem* Coartem* 

7.  mefloquine mefloquine mefloquine 

8.  2 or 3 2 or 3 2 or 3 

9.  4 or 5 or 6 or 7 4 or 5 or 6 or 7 4 or 5 or 6 or 7 

10.  1 and 8 and 9 1 and 8 and 9 1 and 8 and 9 

11.  Limit 10 to date 

between 2004-2021 

Limit 10 to humans Limit 10 to humans 

12.   Limit 10 to randomized control 

trial 

Limit 10 to randomized 

control trial 

13.   Limit 10 to date between 2004-

2021 

Limit 10 to date between 

2004-2021 

aCochrane Infectious Diseases Group Specialized Register. 
bSearch terms used in combination with the search strategy for retrieving trials developed by The Cochrane 

Collaboration (Lefebvre C  2021 (143) ) upper case: MeSH or EMTREE heading; lower case: free text term
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Appendix 2: Characteristics of included studies 

S. No Study ID  Study 

design 

Study setting and 

period 

Transmission  Follow up Subjects Patient 

important 

outcome  

DHA-

PQ 

AL 

Number of 

participants 

 

Inclusion age 

DHA-

PQ 

AL     

1 Kamya-2007-

UGA (98) 

Single-blind, 

RCT 

Rural health center, 

March,2006-July, 2006 

High 

transmission 

42 days 253 

 

256 

 

6 months-10 

years 

Loss to follow up 0 0 

 ETF 0 0 

LCF 19 30 

LPF 73 89 

ACPR 117 89 

Fever clearance 

at day 1 b 

137 137 

Fever clearance 

at day 2 

66 72 

Fever clearance 

at day 3 

52 57 

Parasite 

clearance at day 

2 

1 2 

Parasite 

clearance at day 

3 

0 0 

Gametocyte 

carriage at 

baseline 

9 18 

Gametocyte 

carriage day 1-14  

5 2 

Gametocyte 

carriage at day 

15-28  

0 5 
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Gametocyte 

carriage at day 

29-41 

4 11 

  Hgb at baseline 

mean(SD) g/dl 

9.5(1.8) 9.7(1.9) 

Hgb g/dl at day 

42 mean(SD)a 

g/dl 

1.9(1.8) 1.5(1.8) 

Vomiting  65 65 

Diarrhea 25 19 

 Anorexia 90 91 

Abdominal pain 19 20 

weakness/malais

e 

85 103 

Cough 136 133 

Coryza 127 121 

Pruritus 14 22 

 SAE 4 2 

2 Zongo-2007-

BNF (99) 

 

Single blind 

RCT 

Government health 

dispensaries,   

August 2006- 

January 2007 

High transmission 42 days 196 197 6 months-10 

years 

Withdrawn  24 21 

ETF 2 2 

LCF 8 34 

LPF 3 19 

ACPR 159 121 

 
 

   

Fever on day 1 70 91 

Fever on day 2 23 26 

Fever on day 3 17 15 

Parasite 

clearance at day 

2 

6 5 

Parasite 

clearance at day 

3 

0 0 

Gametocyte 3 0 
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carriage at 

baseline  

Gametocyte 

carriage at day 1-

42 

7 3 

Mean 

haemoglobin 

(g/dL) (SD) at 

baseline 

 

10.1(2.4

) 

10.2(2) 

Mean 

haemoglobin 

(g/dL) (SD) at 

day 42 

 

11.6(1.6

) 

11.2(1.

6) 

Early vomiting 7 3 

 

Vomiting 20 27 

 

Diarrhea 14 13 

Anorexia 8 6 

Abdominal pain 10 21 

Cough 49 52 

Weakness/Malais

e 

5 3 

 

 

 

Pruritus  5 11 

Headache 11 22 

3 Mens-2008-

KEN (112) 

 

Open label 

RCT 

Health center,   

Apr 2007 to Jul 2007 

High transmission 28 days 73 73 6 months-12 

years 

Withdrawn  6 6 

Re-infection at 

day 28 

0 1 

Recrudescence at 

day 28 

 

0 0 

 

Fever clearance 10 6 
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at day 1 b 

Fever clearance 

at day 2 

4 12 

Fever clearance 

at day 3 

3 2 

Parasite 

clearance at day 

2 

 

1 0 

Gametocyte at 

baseline 

3 6 

Hgb  mmol/l at 

baseline mean 

(SD) 

6.33( 

1.29) 

6.28 

(1.27) 

Hgb  mmol/l at 

day 28 mean 

(SD)a 

7.15(1.0

7) 

6.79 

(1.24) 

Headache  43 39 

Abdominal pain  25 26 

Weakness  19 30 

Anorexia  8 10 

Diarrhea  9 7 

Cough  16 17 

Vomiting  11 9 

Pruritus  

 

4 3 

SAE 1 0 

4 Yeka-2008-

UGA  (100) 

Single-blind, 

RCT 

 

Health center, August 

2006- April 2007 

 

N/A 42 days 234 227 6 months-10 

years 

 

Los to follow up 3 3 

ETF 0 1 

LCF 9 23 

LPF 17 41 

 ACPR 186 131 

Fever clearance 

at day 1 b 

117 133 

Fever clearance 

at day 2 

44 37 
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Fever clearance 

at day 3 

22 22 

Parasite 

clearance at day 

2 

7 5 

Parasite 

clearance at day 

3 

0 0 

Gametocyte 

carriage at 

baseline 

12 18 

Gametocyte 

carriage day 1-14  

4 1 

Gametocyte 

carriage at day 

15-28  

1 7 

Gametocyte 

carriage at day 

29-41 

4 13 

Hgb at baseline 

mean (SD) g/dl 

9.9(2.1) 9.9(1.8) 

Hgb at day 42 

mean (SD)a g/dl 

1.8(1.8) 1.7(2.0) 

Vomiting  35 35 

Diarrhea 26 23 

Anorexia 47 49 

Abdominal pain 17 24 

Weakness/malais

e 

28 27 

Cough 164 150 

Coryza 159 150 

Pruritus 8 3 

SAE 5 2 

5 Bassat-2009- Open-label, Four rural sites and one peri-urban site, 

August 2005 and July 2006. 

Mesoende

mic 

1038 510 6–59 months  Withdrawn  61 36 

Treatment failure 77 88 
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AFR (102) 

 

RCT  

 

 at day 28 

 Recrudescence at 

day 28 

 

14 11 

Treatment failure 

at day 42 

200 147 

Recrudescence at 

day 42 

 

41 16 

 

Hgb in g/L at 

baseline 

mean(SD)  

 

89.2(18.

2) 

 

90.6(18

.2) 

Mean change in 

Hgb (g/dL) from 

baseline to day 

28 

17(18.2) 14.3 

( 

18.5) 

 

Early vomiting  22 4 

Vomiting  71 35 

Splenomegaly 41 19 

Hepatomegaly 6 3 

5 Prolonged QTc 

interval 

(Fridericia‟s 

correction) 

2 1 

Electrocardiogra

m QT prolonged 

26 13 

Urticarial 1 2 

Hypersensitivity  2 1 

Neutropenia 18 12 

Alanine 20 19 
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aminotransferase 

increased  

 

Electrocardiogra

m QT prolonged  

 

26 13 

SAE 18 5 

6 Arinaitwe-

2009-UGA 

(101) 

Open-label 

RCT 

 

Local antenatal 

clinics in Tororo, 

August 2007-July 

2008 

 

High transmission  63 days 119 111 6 weeks- 12 

months 

No treatment 

outcome  

 

6 5 

 ETF  0 0 

LCF at day 28 13 45 

LPF at day 28 26 64 

ACPR at day 28 306 205 

PCR unadjusted 

Rx failure at day 

42 

16 33 

PCR adjusted Rx 

failure at day 42 

0 0 

PCR unadjusted 

Rx failure at day 

63 

46 110 

PCR adjusted Rx 

failure at day 63 

8 4 

Fever clearance 

at day 1 b 

138 163 

Fever clearance 

at day 2 

13 17 

Fever clearance 9 12 
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at day 3 

Parasite 

clearance at day 

2 

12 22 

Parasite 

clearance at day 

3 

1 0 

Gametocyte 

carriage at 

baseline 

30 26 

Gametocyte 

carriage day 1-14  

10 1 

Gametocyte 

carriage at day 

15-28  

1 0 

Hgb at baseline 

mean(SD) g/dl 

9.9(1.5) 9.8(1.5) 

Hgb at day 28 

mean(SD)a g/dl 

0.6(1.68

) 

0.6(1.5

6) 

Vomiting  23 20 

Diarrhea 79 86 

Anorexia 3 0 

Weakness 1 0 

Cough 177 153 
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Pruritus 0 0 

 SAE 3 1 

7 Borrmann-

2011 –KEN 

(110) 

Not 

described, 

RCT 

Pingilikani study site, 

September 2005 to 

April 2008 

Perennial 

transmission 

84 days 233 241 6–59 months 

 

 

withdrawn  40 25 

ETF 2 2 

Early vomiting  7 4 

 

 

 

Mean(SD) g/dl 

hemoglobin at 

baseline 

9(1.6) 8.8(1.3) 

Mean(SD) g/dl 

hemoglobin at 

baseline 

9.2(1.8) 9.2(1.6) 

Parasite 

clearance at day 

1 

151 214 

Parasite 

clearance at day 

2 

10 26 

Parasite 

clearance at day 

3 

0 0 

Gametocyte 

carriage at 

baseline  

5 3 

Gametocyte 

carriage at 7-84 

5 2 
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days 

8 Nambozi-

2011- ZAM 

(30) 

Open-label, 

RCT 

Peri-urban health 

centers, 

September 2005 and 

May 2006  

Mesoendemic 42 days 203 101 6-59 months Withdrawn  11 11 

 LCF PCR un 

adjusted at day 

28 

6 10 

LPF PCR un 

adjusted at day 

28 

9 13 

ACPR PCR un 

adjusted at day 

28 

177 67 

LCF PCR-

adjusted at day 

28 

0 3 

LPF PCR-

adjusted at day 

28 

9 3 

ACPR PCR-

adjusted at day 

28 

183 84 

LCF PCR un 

adjusted at day 

42 

11 13 

LPF PCR un 

adjusted at day 

31 20 
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42 

ACPR PCR un 

adjusted at day 

42 

150 57 

LCF PCR-

adjusted at day 

42 

4 3 

LPF PCR 

adjusted at day 

42 

9 3 

ACPR PCR 

adjusted at day 

42 

179 84 

Gametocyte 

carriage at 

baseline  

23 13 

Anorexia 14 8 

Cough  42 15 

Diarrhea  14 4 

Fever  24 14 

Respiratory tract 

Infection  

22 9 

Vomiting  5 4 

SAE 4 3 
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9 4ABC-2011-

AFR (81) 

 

Open label, 

RCT 

Rural, urban or health 

facilities, 9 July 2007 

and 19 June 2009 

Mesoendemic, 

perennial and 

high transmission 

63 days 1475 1226 6 to 59 months Withdrawn  103 66 

ETF 2 0 

New infections at 

day 28 

98 268 

 Recrudescence at 

day 28 

 

22 41 

Death up to day 

63 

1 3 

New infections at 

day 63 

277 166 

Recrudescence at 

day 63 

 

23 8 

Day 28: no PCR 

results  

 

12 25 

Day 63: no PCR 

result  

83 67 

Hepatomegaly  

 

5 8 

Splenomegaly  88 80 
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Anemia  141 38 

Diarrhea  166 142 

Vomiting  123 102 

Pyrexia  371 339 

Hgb decrease  103 83 

Anorexia  130 121 

Cough  470 387 

ALAT above 

normal range at 

day 0  

 

10 16 

ALAT above 

normal range at 

day 7 

 

3 4 

ALAT above 

normal range at 

day 28 

4 1 

Creatinine above 

normal range at 

day 0 

 

2 0 

Creatinine above 0 0 
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normal range at 

day 7 

 

Creatinine above 

normal range at 

day 28 

 

0 2 

SAE 10 6 

10 Agarwal -

2013-KEN 

(27) 

An open 

label RCT 

District hospital, 

October 2010 to 

August 2011 

High transmission 42 days 137 137 6 to 59 months Withdrawn 24 26 

LCF at day 28 4 13 

LPF at day 28 16 32 

 LCF at day 42 11 21 

LPF at day 42 41 41 

Recrudescence at 

day 28 

1 3 

Recrudescence at 

day 42 

4 4 

Fever clearance 

at day 2 b 

5 4 

Fever clearance 

at day 3 

0 1 

Early vomiting  7 5 

SAE 1 2 

 

11 Meremikwu-

2013-NIG 

(109) 

Open label, 

RCT 

N/A N/A 63 days 77 92 6 to 59months Withdrawn  5 5 

 

PCR unadjusted 

treatment failure 

5 3 
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at day 28 

PCR adjusted 

treatment failure 

at day 28 

0 2 

 PCR unadjusted 

treatment failure 

at day 63 

5 6 

PCR adjusted 

treatment failure 

at day 63 

0 3 

12 SAWA-2013 

–KEN (103) 

Single-blind, 

RCT 

Community setting, 

April to June 2009 

Moderate 

transmission 

42 days 145 153 6 months to 10 

years 

Withdrawn  

 

11 8 

Recrudescence at 

day 28 

0 2 

 New infection at 

day 28 

0 8 

Undetermined 

PCR at day 28 

0 0 

Recrudescence at 

day42 

0 4 

New infection at 

day 42 

3 23 

Undetermined 

PCR at day 42 

2 3 

Parasite 

clearance at day 

2 

10 5 

Parasite 

clearance at day 

3 

1 0 

Gametocyte 

carriage at 

baseline  

14 12 

13 Muhindo-

2014-UGA 

(91) 

Open-label, 

RCT 

Post-natal clinic at 

Tororo District 

Hospital, October 

2011 to December 

High-transmission 28 days 106 96 6 weeks to 12 

months 

Withdrawn  13 16 

ETF 1 0 

LCF 7 74 

LPF 22 137 



96 | P a g e  

 

2012 ACPR 311 189 

Fever clearance 

at day 1 

65 124 

 Fever clearance 

at day 2 

11 8 

Fever clearance 

at day 3 

7 7 

Parasite 

clearance at day 

1 

181 269 

Parasite 

clearance at day 

2 

20 23 

Parasite 

clearance at day 

3 

1 0 

Hgb at baseline 

mean(SD) g/dl 

11.2(1.5

) 

11.1(1.

5) 

14 Ogutu-2014-

KEN (35) 

 

Open-label, 

RCT 

Nyando District 

hospital, March, 

2010- 30 November, 

2011 

Not described 42 days 227 227 6 to 59 months Withdrawn  2 4 

PCR uncorrected 

treatment failure 

at day 28 

28 43 

 PCR corrected 

treatment failure 

at day 28 

2 5 

PCR uncorrected 

treatment failure 

at day 42 

67 73 

PCR corrected 

treatment failure 

at day 42 

3 7 

Cough  40 37 

Anemia  8 10 

Fever  14 7 

Tinea capitis  12 10 
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Rhinitis  

 

13 4 

Gastroenteritis 5 9 

Loss of appetite  6 3 

Otitis media  5 7 

15 Onyamboko-

2014-DRC  
(104) 

 

Open label, 

RCT 

Urban district of 

Kinshasa (DRC) 

(Hospitals), 

September 2011 and 

November 2012 

Intense and 

perennial 

42 days 228 228 3 to 59 months Withdrawn  16 10 

ETF at day 42 1 1 

LCF at day 42 10 12 

LPF at day 42 18 52 

PCR Unadjusted 

ACPR at day 28 

206 190 

PCR adjusted 

ACPR at day 28 

208 211 

 Fever clearance 

at day 1 b 

8 11 

Fever clearance 

at day 2 

1 9 

Fever clearance 

at day 3 

5 3 

Gametocyte 

carriage at day 0-

35 days 

2 1 

Gametocyte 

carriage at day 

35-42 days 

2 0 

Early vomiting 21 5 

Vomiting  17 2 

16 Wanzira-

2014- UGA 

(144) 

 

Open-label, 

RCT 

Tororo District 

Hospital,  

February 2009- 2012 

 

Very high 

transmission  

 

28 days 154 158 6 weeks to 9 

months 

Withdrawn  25 26 

ETF 2 15 

LCF 48 475 

LPF 182 894 



98 | P a g e  

 

 ACPR 2403 1494 

Recrudescence at 

day 63 

24 22 

17 Kakuru-

2014-UGA 

(111) 

Not 

described, 

RCT 

District Hospital, 

August 2007 and 

April 2008 

 

High transmission  

 

28 days 21 

 

22 

 

6 weeks -12 

months 

 

Fever clearance 

at day 1 b 

46 106 

 Fever clearance 

at day 2 

7 16 

Fever clearance 

at day 3 

5 3 

Hgb g/dl at 

baseline 

mean(SD) 

9.6(1.5) 10.1(1.

4) 

Hgb g/dl at day 

28 mean(SD)a 

1.0(1.4) 0.6(1.5) 

Vomiting  8 18 

 Diarrhea 27 23 

Anorexia 6 4 

weakness/malais

e 

2 2 

Cough 64 74 

 

18 Nji-2015-

CAM (107) 

 

Open-label, 

RCT 

Two distinct 

ecological regions, 

2009 to April 2013 

Low to moderate 

transmission 

42 days 288 144 6 months-10 

years 

Withdrawn  43 21 

PCR adjusted 

ETF at day 28 

2 0 

 

PCR adjusted 

LCF at day 28 

4 1 

PCR adjusted 

LPF at day 28 

3 3 

ACPR at day 28 

 

236 119 
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PCR unadjusted 

treatment failure 

at day 42 

26 11 

PCR adjusted 

treatment failure 

at day 42 

9 4 

Mean(SD) g/dl 

hemoglobin at 

baseline  

9.9(2.1) 9.9(2.1) 

Mean(SD) g/dl 

hemoglobin at 0-

7 days a 

0.55 

(1.79) 

0.46 

(1.67) 

Abdominal pain  13 5 

Anorexia 12 1 

Diarrhea  9 4 

Vomiting  27 8 

Fatigue 4 3 

Fever 3 2 

 

Cough  18 9 

 

Joint pain  2 2 

Rash 16 4 

 

SAE 0 1 

19 Ursing-2016-

GUB (108) 

 

Open-label, 

RCT 

Bandimand Belem 

Health Centers, 

November 2012 and 

July 2015 

Low to high 

transmission  

42 days  157 155 6 months-15 

years 

Withdrawn  17 18 

ETF 2 6 

LCF at day 42 0 3 

New infection at 

day 42 

2 0 

Gametocyte 

carriage at 

baseline  

2 2 

 Early vomiting  

 

7 4 
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20 Ebenebe-

2018-NIG 

(28) 

 

Open label, 

RCT 

Hospitals and clinics, 

June 2014 and 

December 2015  

 

High transmission  42 days 347 324 6 - 59 months Withdrawn  55 44 

Parasite 

clearance at day 

1 

173 195 

  Parasite 

clearance at day 

2 

60 76 

Parasite 

clearance at day 

3 

5 9 

Fever clearance 

at day 1 b 

189 194 

ETF 2 1 

Reinfection at 

day 28 

11 26 

Recrudescence at 

day 28 

0 4 

Reinfection at 

day 42 

18 55 

Recrudescence at 

day 42 

1 7 

Gametocyte 

carriage at 

baseline  

18 9 

 

 

 

Gametocyte 

carriage at day  

0-14 

6 6 

 

Gametocyte 

carriage at day  

15-28 

 

4 2 

21 Grandesso-

2018-NIG 

Open label, 

RCT 

Health center, 

7 June 2013 and 22 

Not reported 42 days 221 221 6–59 months Withdrawn  11 15 

Early vomiting  1 0 



101 | P a g e  

 

(105) 

 

September 2014 Reinfection at 

day 42 

51 64 

Undetermined 

PCR at day 42 

4 10 

 PCR adjusted 

LCF 

1 1 

PCR adjusted 

LPF 

2 1 

Baseline 

hemoglobin 

mean(SD) g/dl 

9.7(1.7) 9.7(1.7) 

Gametocyte 

carriage at 

baseline  

5 9 

Fever  94 94 

Cough 36 22 

Rhinorrhea 27 17 

Diarrhea  14 15 

Conjunctivitis  7 15 

Pyoderma  6 6 

Vomiting   6 5 

Anorexia  4 1 

Abdominal pain  0 1 

Hepatomegaly  1 0 

Splenomegaly  2 1 

Another AE 40 45 

SAE 2 1 

22 Mandara-

2018-TAN 

(80) 

 

Open label, 

RCT 

District Hospital 

and Health Centre, 

May 2014 and 

January 2015 

Low to moderate 

transmission  

63 days 255 257 6 months- 

10years 

Withdrawn  16 17 

PCR unadjusted 

LCF at day 42 

15 42 

PCR adjusted 

LPF at day 42 

49 75 

PCR adjusted 

LCF at day 42 

1 3 

 PCR unadjusted 2 1 
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LPF at day 42 

Undetermined 

PCR 

6 8 

Parasite 

clearance at day 

1 

203 223 

Parasite 

clearance at day 

2 

38 56 

Parasite 

clearance at day 

3 

0 1 

Baseline 

hemoglobin 

Mean(SD)g/dl 

8.9(1.6) 8.9(1.7) 

Baseline 

hemoglobin 

Mean(SD)g/dl 

9.6(1.6) 9.5(1.7) 

23 Uwimana-

2019-RWA 

(82) 

 

Open label, 

RCT 

Health centers, 

September 2013 

and December 

2015 

Moderate 

transmission 

42 days 269 267 1–14 years Withdrawn  2 0 

ETF 2 2 

PCR unadjusted 

LCF day 28 

2 16 

 

 

 

 

PCR unadjusted 

LPF day 28 

2 18 

PCR adjusted 

LCF day 28 

1 2 

PCR adjusted 

LPF day 28 

0 0 

PCR unadjusted 

LCF day 42 

10 24 

PCR unadjusted 

LPF day 42 

10 26 

PCR adjusted 

LCF day 42 

1 3 

PCR adjusted 1 1 
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LPF day 42 

Early vomiting  1 2 

24 Yeka-2019-

UGA (106) 

Single-blind 

RCT 

Health center and 

Hospital, October 

2015-December, 

2016 

 

High transmission  

 

42 days 299 

 

300 6-59 months 

 

Withdrawn  

 

11 10 

ETF 0 0 

LCF 32 50 

 LPF 43 85 

ACPR 213 155 

Fever clearance 

at day 1b 

208 231 

Fever clearance 

at day 2 

71 73 

Fever clearance 

at day 3 

31 18 

Parasite 

clearance at day 

1 

219 245 

Parasite 

clearance at day 

2 

22 34 

Parasite 

clearance at day 

3 

3 3 

Gametocyte 

carriage at 

baseline 

59 60 

Gametocyte 

carriage at day 1-

42 

43 46 

Hgb at day 42 

mean(SD)a 

1.3(1.7) 0.8(1.8) 

Vomiting  56 61 

Diarrhea 155 114 

Anorexia 12 3 

Abdominal pain 41 45 
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Headaches 18 24 

weakness/malais

e 

42 33 

Cough 233 203 

Pallor 22 13 

Skin rash 56 42 

Pruritus 24 16 

 SAE 6 6 

25 Gansane-

2021-BNF 

(73) 

Open label, 

RCT 

Primary health 

facility and district 

hospital, November 

2017 to September 

2018 

Moderate to high 

transmission  

42 days 360 360 6-59 months Withdrawn  21 27 

Parasite 

clearance at day 

3 

 

6 1 

ETF 6 1 

 LCF at day 28 

 

6 73 

LCF at day 28 10 104 

Recrudescence at 

day 28 

7 54 

Re-infection at 

day 28 

10 107 

Undetermined 

PCR at day 28 

1 16 

Itchiness  0 1 

Otitis media  0 1 

Cough  17 21 

Abdominal pain  13 4 

Skin rash  3 2 

Furunculosis  1 0 

Vomiting  33 54 

SAE 0 1 
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Abbreviations: ETF= early treatment failure, LCT= late clinical failure, LPF= late parasitological failure, ACPR= Adequate clinical and parasitological response, AL= 

artemether-lumefantrine; DHA-PQ= dihydroartemisinin-piperaquine, Hgb= hemoglobin, SD= standard deviation, PCR= polymerase chain reaction, SAE= 

serious adverse event, N/A= not available.  

AFA= Africa, BNF= Burkina Faso, CAM= Cameroon, DRC= Democratic Republic of Congo, GUB= Guinea Bissau, KEN= Kenya, NIG= Nigeria, NIJ = 

Niger, RWN= Rwanda, TAN= Tanzania, UGA= Uganda, ZAM= Zambia   
a The mean increase in hemoglobin values from the baseline. 
b Subjective fever during the previous 24 hrs or temperature >38oC  

 
Appendix 3: Risk of bias assessment of the included studies 

 

Agarwal-2013-KEN (27)  

Domain Author’s 

Judgment  

Support for judgment 

Random sequence generation (selection bias) Low risk Block randomized was used 

Allocation concealment (selection bias) 

 

Unclear risk Not described 

Blinding of participants and personnel 

(performance bias) 

Unclear risk Not described 

Blinding of outcome assessment (detection bias) Low risk All laboratory technologists were blinded to the treatment arm. 

Incomplete outcome data (attrition bias) High risk High number of patients withdrawn both treatment groups (17.5% 

DHA-PQ versus 18.2% AL) 

Selective outcome reporting Low risk All outcomes were reported. 

Other bias Low risk No other source of bias. 

 

Arinaitwe-2009-UGA (101)  

Domain Author’s 

Judgment  

Support for judgment 

Random sequence generation (selection bias) Low risk Computer generated randomization by an off-site investigator. 

 

Allocation concealment (selection bias) 

 

Low risk The allocation concealed using sealed envelope. 
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Blinding of participants and personnel 

(performance bias) 

Low risk The second and third micropist were blind. 

Blinding of outcome assessment (detection bias) High risk Described as “open-label”. 

Incomplete outcome data (attrition bias) Low risk Small number of patients withdrawn (1.7% DHA-PQ versus 1.6% 

AL). 

Selective outcome reporting Low risk All outcomes were reported. 

Other bias Low risk No other source of bias. 

 

Bassat-2009-AFR (102) 

Domain Author’s 

Judgment  

Support for judgment 

Random sequence generation (selection bias) Low risk Stratified randomization by an independent off-site CRO. 

Allocation concealment(selection bias) Low risk Allocation concealed using opaque sealed envelopes. 

Blinding of participants and personnel 

(performance bias) 

Low risk All the staffs were blinded. 

Blinding of outcome assessment(detection bias) High risk Open label 

Incomplete out come data(attrition bias) Low risk Few number of patients were withdrawn (7.5% DHA-P versus 

9.7% AL) 

Selective outcome reporting Low risk All outcomes were reported. 

Other bias Unclear risk One of the researchers was former employee of the sponsoring 

organization. 

 

Borrmann-2011-KEN (110) 

Domain Author’s 

Judgment  

Support for judgment 

Random sequence generation (selection bias) Low risk “A randomization list was generated by an independent off-site 

contract research organization (CRO).” 

Allocation concealment (selection bias) 

 

Low risk “Sealed envelopes containing treatment allocation was used to 

randomize eligible patients.” 

Blinding of participants and personnel 

(performance bias) 

Unclear risk Not described 
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Blinding of outcome assessment (detection bias) Low risk “Microscopist was blinded.” 

Incomplete outcome data (attrition bias) High risk 17.2% from DHA-PQ and 14.5 % AL were excluded from 

analysis. 

Selective outcome reporting Low risk All outcomes were reported. 

Other bias Low risk No other kinds of source of bias. 

 

 

Ebenebe-2018-NIG (28) 

Domain Author’s 

Judgment  

Support for judgment 

Random sequence generation (selection bias) Low risk “Randomization was computer-generated for each site.” 

Allocation concealment (selection bias) 

 

Low risk “Treatment codes were sealed in individual envelopes.” 

Blinding of participants and personnel 

(performance bias) 

High risk Open label 

Blinding of outcome assessment (detection bias) Low risk “The microscopist didn‟t know the treatment allocation.” 

Incomplete outcome data (attrition bias) High risk 30(8.6%) and 25(7.8%) prematurely withdrawn from DHA-PQ 

and AL group. 

Selective outcome reporting Low risk All outcomes were reported. 

Other bias Low risk No other source of bias. 

 

 

Four ABC-2011-AFR (81) 

Domain Author’s 

Judgment  

Support for judgment 

Random sequence generation (selection bias) Low risk The randomization list prepared off-site organization. 

Allocation concealment (selection bias) Low risk Allocation concealed using opaque sealed envelopes. 

Blinding of participants and personnel 

(performance bias) 

Low risk Clinician and other staffs were blinded. 

Blinding of outcome assessment (detection bias) Low risk Clinician or other staffs were blinded. 

Incomplete outcome data (attrition bias) Low risk Few patients withdrawn (2.5% DHA-P, 2.4% AL). 
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Selective outcome reporting Low risk All outcomes are reported. 

Other bias Low risk No other sources of bias. 

 

 

Gansane-2021-BNF (73) 

Domain Authors 

Judgment  

Support for judgment 

 

Random sequence generation (selection bias)   Low risk “Permuted block randomization. 1:1 randomization of 2 groups, 

blocks will be size 10” 

Allocation concealment (selection bias) 

 
     Low risk “Sealed opaque envelopes” 

Blinding of participants and personnel (performance 

bias) 
  High risk Open label 

Blinding of outcome assessment (detection bias)   High risk Open label 

Incomplete outcome data (attrition bias)   Low risk 27(7.5%) from DHA-PQ  and  23 (6.4%) from AL were excluded  

Selective outcome reporting?   Low risk All outcomes were reported. 

Other bias                Low risk No other source of bias. 

 

Grandesso-2018-NIG (105) 

Domain Author’s 

Judgment  

Support for judgment 

Random sequence generation (selection bias) Unclear risk Randomized but method of randomization not described. 

Allocation concealment (selection bias) 

 

Unclear risk Not described 

Blinding of participants and personnel 

(performance bias) 

High risk Open label  

Blinding of outcome assessment (detection bias) High risk Open label 

Incomplete outcome data (attrition bias) Low risk 8 from DHA-PQ and 10 from AL group loss follow up. 
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Selective outcome reporting Low risk All outcomes were reported.  

Other bias Low risk No other source of bias 

 

 

Kakuru-2014-UGA (111) 

Domain Author’s 

Judgment  

Support for judgment 

Random sequence generation (selection bias) Unclear risk Randomized but the method of randomization not described. 

Allocation concealment (selection bias) Unclear risk Not described  

Blinding of participants and personnel 

(performance bias) 

Unclear risk Not described 

Blinding of outcome assessment (detection bias) Unclear risk Not described 

Incomplete outcome data (attrition bias) Low risk  

Selective outcome reporting Low risk All outcomes were reported. 

Other bias Low risk No other source of bias. 

 

Kamya-2007-UGA (98) 

Domain Author’s Judgment  Support for judgment 

Random sequence generation (selection bias) Low risk Computer generated randomization list by an off-site 

investigator. 

Allocation concealment (selection bias) Low risk Allocation concealed using sealed envelopes. 

Blinding of participants and personnel 

(performance bias) 

Low risk Physicians and laboratory personnel were blinded. 

Blinding of outcome assessment (detection bias) Low risk Placebos were used to blind participants to treatment allocation. 

Study physicians were also blinded. 

Incomplete outcome data (attrition bias) Low risk Few patients have withdrawn (0.9% AL6 versus 0.9% DHA-P).  

Selective outcome reporting Low risk All outcomes reported.  

Other bias Low risk No other sources of bias. 
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Mandara-2018-TAN (80) 

Domain Author’s Judgment  Support for judgment 

Random sequence generation (selection bias) Low risk “Randomization list was computer generated for different age-

strata using Microsoft Excel.” 

Allocation concealment (selection bias) 

 

Low risk “Sequentially numbered, sealed envelopes containing the 

treatment group assignments were prepared from the 

randomization list for each age category.” 

Blinding of participants and personnel 

(performance bias) 

High risk Open label 

Blinding of outcome assessment (detection bias) High risk Open label 

Incomplete outcome data (attrition bias) High risk Adverse events were not reported. 

Selective outcome reporting Low risk 16 from DHA-PQ and 17 from AL were withdrawn. 

Other bias Low risk No other source of bias. 

 

Meremikwu-2013-NIG (109) 

Domain Author’s Judgment  Support for judgment 

Random sequence generation (selection bias) Unclear risk  Randomized but way of randomization not described. 

Allocation concealment (selection bias) Unclear risk Not described. 

Blinding of participants and personnel 

(performance bias) 

High risk Open label 

Blinding of outcome assessment (detection bias) High risk Open label 

Incomplete outcome data (attrition bias) Unclear risk Not described. 

Selective outcome reporting Unclear risk Not described. 

Other bias Low risk No other source of bias 

 

Mens-2008-KEN (112) 

Domain Author’s Judgment  Support for judgment 

Random sequence generation (selection bias) Low risk  Randomization list generated using computer. 

Allocation concealment (selection bias) Unclear risk None described. 

Blinding of participants and personnel 

(performance bias) 

Unclear risk None described. 
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Blinding of outcome assessment (detection bias) Low risk Laboratory personnel were blinded. 

Incomplete outcome data (attrition bias) Low risk Few patients were withdrawn (8.2% DHA-PQ versus 8.2% 

AL). 

Selective outcome reporting Low risk All outcomes were reported. 

Other bias Low risk No other sources of bias. 

 

Muhindo-2014-UGA (91) 

Domain Author’s Judgment  Support for judgment 

Random sequence generation (selection bias) Low risk “Randomization list was computer generated by an off-site 

investigator.” 

 

Allocation concealment (selection bias) 

 

Low risk “Sequentially numbered, sealed envelopes containing the 

treatment group assignments were prepared from the 

randomization list. The study nurse assigned treatment numbers 

sequentially and allocated treatment by opening the envelope 

corresponding to the treatment number.” 

Blinding of participants and personnel 

(performance bias) 

High risk Open label 

Blinding of outcome assessment (detection bias) Low risk “Laboratory technicians were blinded to the study participants‟ 

treatment assignments.” 

Incomplete outcome data (attrition bias) Low risk 16 (3.9%) from AL and 13 (3.7%) from DHA-PQ were loss to 

follow up. 

Selective outcome reporting Low risk All listed outcomes reported. 

Other bias Low risk No other source of bias. 

 

Nambozi-2011-ZAM (30) 

Domain Author’s Judgment  Support for judgment 

Random sequence generation (selection bias) Low risk An independent off-site contract research organization (CRO) 

was generated a randomization list. 

Allocation concealment (selection bias) Low risk Allocation concealed using opaque sealed envelopes. 

Blinding of participants and personnel Low risk All the staffs were blinded. 
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(performance bias) 

Blinding of outcome assessment (detection bias) Low risk All the staffs were blinded. 

Incomplete outcome data (attrition bias) Low risk All outcomes were reported. 

Selective outcome reporting Low risk From each treatment group 13 patients either withdrawn or loss 

to follow up. 

Other bias Low risk No other source of bias. 

 

Nji-2015-CAM (107) 

Domain Author’s Judgment  Support for judgment 

Random sequence generation (selection bias) Low risk “Randomization allocation schedule generated by a computer-

based randomization program.” 

Allocation concealment (selection bias) 

 

Low risk “Allocation of participants was concealed in opaque envelopes 

that were opened sequentially by the study physician once 

consent was provided.” 

Blinding of participants and personnel 

(performance bias) 

Low risk “The randomization number was recorded on the case report 

form as the study identification code and used in labeling all 

study-related laboratory samples.” 

Blinding of outcome assessment (detection bias) Low risk “The randomization number was recorded on the case report 

form as the study identification code and used in labeling all 

study-related laboratory samples.” 

Incomplete outcome data (attrition bias) Low risk 43 from DP and 21 from al treatment group were loss to follow 

up. 

Selective outcome reporting Low risk All outcomes were reported  

Other bias Low risk No other source of bias  

 

Ogutu-2014-KEN (35) 

Domain Author’s Judgment  Support for judgment 

Random sequence generation (selection bias) Low risk “Used random tables” 

Allocation concealment (selection bias) 

 

Low risk “Sealed opaque envelopes” 

Blinding of participants and personnel High risk Open-label (Masking Not Used) 
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(performance bias) 

Blinding of outcome assessment (detection bias) High risk Open-label (Masking Not Used) 

Incomplete outcome data (attrition bias) Low risk 2 from DHA-PQ and 4 from al arm withdrawn. 

Selective outcome reporting Low risk All outcomes were reported. 

Other bias Low risk No other kinds of source of bias. 

 

Onyamboko-2014-DRC (104) 

Domain Author’s Judgment  Support for judgment 

Random sequence generation (selection bias) Low risk “Randomization sequence, in blocks of 15, was computer 

generated and numerically sequenced.” 

 

Allocation concealment (selection bias) 

 

Low risk “Opaque envelopes containing the study drug name were 

prepared at the Mahidol Oxford Tropical Medicine Research 

Unit (MORU), Bangkok, Thailand.” 

Blinding of participants and personnel 

(performance bias) 

Unclear bias Not described. 

Blinding of outcome assessment (detection bias) Low risk “The laboratory technicians were blinded to the treatment 

received by individual patients.” 

Incomplete outcome data (attrition bias) Low risk Forty-two patients (6.1%) discontinued the study. 

Selective outcome reporting Low risk All outcomes were reported. 

Other bias Low risk No other source of bias 

 

SAWA-2013-KEN (103) 

Domain Author’s Judgment  Support for judgment 

Random sequence generation (selection bias) Low risk Different age strata (<2 years, 2-5 years, and 5-10 years), using 

MS Excel used to generate a randomization list  

Allocation concealment(selection bias) Unclear risk Allocation concealment is not described. 

Blinding of participants and personnel 

(performance bias) 

Low risk All the staffs were blinded. 

Blinding of outcome assessment (detection bias) Low risk All staffs were blinded. 
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Incomplete outcome data (attrition bias) Low risk Few participants were withdrawn (DHA-PQ 7.6%, AL 5.2%).” 

Selective outcome reporting Low risk All outcomes were reported. 

Other bias Low risk No other sources of bias 

 

 

 

Ursing-2016-GUB (108) 

Domain Author’s Judgment  Support for judgment 

Random sequence generation (selection bias) Low risk “Randomization was achieved by mothers drawing a sealed card 

with either Eurartesim or Coartem written on it from an 

envelope containing 10 of each card.” 

Allocation concealment (selection bias) 

 

Low risk Cards and envelopes were prepared by the investigators. 

Blinding of participants and personnel 

(performance bias) 

Unclear risk Not described  

Blinding of outcome assessment (detection bias) Unclear risk Not described  

Incomplete outcome data(attrition bias) Low risk In the AL and DP arms loss to follow up by day 42 was 10% (n 

= 15) and 8% (n = 12), respectively. Losses to follow up were 

due to children travelling. 

Selective outcome reporting Low risk All outcomes were reported. 

Other bias Low risk No other source of bias. 

 

Uwimana-2019-RWN (82) 

Domain Author’s Judgment  Support for judgment 

Random sequence generation (selection bias) Low risk Treatment assignment was randomized. 

 

Allocation concealment(selection bias) 

 

Low risk Blinded through sealed envelopes. 

Blinding of participants and personnel 

(performance bias) 

High risk Open label  

Blinding of outcome assessment (detection bias) High risk Open label  
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Incomplete outcome data (attrition bias) Low risk Only 2 patients withdrawn from DHA-PQ arm with reason. 

Selective outcome reporting Low risk ALL WHO outcomes were reported  

Other bias Low risk No other source of bias. 

 

 

 

Wanzira-2014-UGA (144) 

Domain Author’s Judgment  Support for judgment 

Random sequence generation (selection bias) Low risk “Computerized randomization list.” 

Allocation concealment (selection bias) Unclear risk Not described  

Blinding of participants and personnel 

(performance bias) 

High risk Open label 

Blinding of outcome assessment (detection bias) High risk Open label 

Incomplete outcome data (attrition bias) High risk 24% (44 from AL and 32 from DHA-PQ) arms were excluded. 

Selective outcome reporting Low risk All outcomes were reported. 

Other bias Low risk No other source of bias. 

 

Yeka-2008-UGA (100) 

Domain Author’s Judgment  Support for judgment 

Random sequence generation (selection bias) Low risk A randomization list generated using computer by an off-site 

investigator. 

Allocation concealment (selection bias) Low risk Allocation concealment was sealed in opaque envelopes. 

Blinding of participants and personnel 

(performance bias) 

Low risk All staffs were blinded. 

Blinding of outcome assessment (detection bias) Low risk All study personnel were blinded. 

Incomplete outcome data (attrition bias) Low risk 3 participants loss to follow up from each treatment group  

Selective outcome reporting Low risk All outcomes were reported  

Other bias Low risk No other source of bias. 

 

Yeka-2019-UGA (106) 

Domain Author’s Judgment  Support for judgment 
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Random sequence generation (selection bias) Low risk “A computer-generated randomization.” 

Allocation concealment (selection bias) 

 

Low risk  “Sequentially numbered, sealed, opaque envelopes containing 

the treatment assignment were prepared and secured in a locked 

cabinet accessible to the study nurse.” 

Blinding of participants and personnel 

(performance bias) 

Low risk “Patients and providers other than the study nurse was not 

informed of treatment assignments. A placebo tablet was used 

for the evening dose among children enrolled in the DHA-PQ 

arm, to simulate AL dosing, although the placebo was not 

matched to the appearance of AL.” 

Blinding of outcome assessment (detection bias) Low risk “Microscopists were blinded to clinical information Patients and 

providers other than the study nurse were not informed of 

treatment assignments.” 

Incomplete outcome data (attrition bias) Low risk 11 from DHA-PQ and 10 from al arm loss to follow up. 

Selective outcome reporting Low risk All outcomes were reported. 

Other bias Low risk No other source of bias. 

 

Zongo-2007-BNF (99) 

Domain Author’s Judgment  Support for judgment 

Random sequence generation (selection bias) Low risk “Randomization list generated using computer by an off-site 

Investigator.” 

Allocation concealment (selection bias) 

 

Low risk “A study nurse, who was not involved in enrollment or 

assessment of treatment outcomes, assigned the treatment.” 

Blinding of participants and personnel 

(performance bias) 

High risk The study was open label. 

Blinding of outcome assessment (detection bias) High risk The study was open label. 

Incomplete outcome data (attrition bias) Low risk Few participants were withdrawn (8% DHA-PQ versus 6.4% 

AL6. 

Selective outcome reporting Low risk All outcomes were reported. 

Other bias Low risk No other sources of bias. 
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Appendix 4: Characteristics of excluded studies 

No Studies  Reason for exclusion  

1.  Adam-2010-SUD (116) Both children and adults were enrolled in this trial. Children‟s outcome didn‟t report. 

2.  Conrad-2014-UGA (145) The outcomes were not relevant for this study. 

3.  Creek-2010-UGA(138) The outcomes were reported in another study. 

4.  Dama-2018-MAL (31) Both children and adults were enrolled in this trial. Children‟s outcome didn‟t report. 

5.  Davlantes-2018-ANG (127) Both children and adults were enrolled in this trial. Children‟s outcome didn‟t report. 

6.  Diallo-2020-SEN (123) Both children and adults were enrolled in this trial. Children‟s outcome didn‟t report. 

7.  Funck -2019 (32) The outcomes were not relevant for this study. 

8.  Green-2016 (146) The outcomes were not relevant for this study. 

9.  Ishengoma-2019-TAN (147) The outcomes were not relevant for this study. 

10.  Kakolwa-2018-TAN (148) The outcomes were not relevant for this study. 

11.  Kakuru-2013-UGA (149) The outcomes were reported in another study. 

12.  Katrak-2009-UGA (150) The outcomes were reported in another study. 

13.  Menan-2011- AFR (145) Both children and adults were enrolled in this trial. Children‟s outcome didn‟t report. 

14.  Omondi-2019-KEN (151) The outcomes were not relevant for this study. 

15.  Plucinski-2015-ANG (115) Non-randomized trial. 

16.  Plucinski-2017-ANG (114) Non-randomized trial. 

17.  Sylla-2013-SEN (60) The outcomes were not relevant for this study. 

18.  Sow-2016-SEN (59) Both children and adults were enrolled in this trial. Children‟s outcome didn‟t report. 

19.  Tylor-2017-UGA (152) The outcomes were not relevant for this study. 

20.  Van-2020-MCT (153) The outcomes were not relevant for this study. 

21.  Verret-2009-UGA (154) The outcomes were reported in another study. 

22.  Warsame-2019-SOM (117) Both children and adults were enrolled in this trial. Children‟s outcome didn‟t report. 

23.  Yavo-2011-SSA (36) Both children and adults were enrolled in this trial. Children‟s outcome didn‟t report. 

24.  Yeka-2013-UGA (155) The outcomes were reported in another study. 
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Appendix 5: Summary of finding tables 

Table 4:  Treatment failure 

Dihydroartemisinin-piperaquine compared to artemether-lumefantrine for the treatment of uncomplicated plasmodium falciparum malaria in African children. 

Patient or population: African children with uncomplicated plasmodium falciparum malaria 

Setting: Malaria endemic setting in Africa.  

Intervention: Dihydroartemisinin-piperaquine  

Comparison: Artemether-lumefantrine  

Outcomes 

Anticipated absolute effects
*
 (95% CI)  

Relative 

effect 

(95% CI)  

№ of 

participants  

(studies)  

Certainty of the 

evidence 

(GRADE)  

Comments Risk with 

artemether-

lumefantrine  

Risk with 

dihydroartemisinin-

piperaquine 

PCR unadjusted treatment failure at day 28 - Age 6months-15 

years  
126 per 1,000  

18 per 1,000 

(10 to 33)  

RR 0.14 

(0.08 to 

0.26)  

1302 

(4 RCTs)  
⨁⨁⨁⨁ 

HIGH a 
 

PCR unadjusted treatment failure at day 28 - Under five years  374 per 1,000  

116 per 1,000 

(86 to 157)  

RR 0.31 

(0.23 to 

0.42)  

14319 

(13 RCTs)  
⨁⨁⨁◯ 

MODERATE a,b 
 

PCR adjusted treatment failure at day 28 - PCR adjusted treatment 

failure at day 28  
49 per 1,000  

22 per 1,000 

(14 to 33)  

RR 0.45 

(0.29 to 

0.68)  

8508 

(16 RCTs)  
⨁⨁⨁⨁ 

HIGH a 
 

PCR unadjusted treatment failure at day 42 - PCR unadjusted 

treatment failure at day 42  
326 per 1,000  

183 per 1,000 
(156 to 215)  

RR 0.56 
(0.48 to 

0.66)  

7667 

(17 RCTs)  
⨁⨁◯◯ 

LOW a,c,d 
 

PCR adjusted treatment failure at day 42 - PCR adjusted treatment 

failure at day 42  
55 per 1,000  

33 per 1,000 

(26 to 43)  

RR 0.60 

(0.47 to 

0.78)  

5959 

(17 RCTs)  
⨁⨁⨁⨁ 

HIGH a 
 

PCR unadjusted treatment failure at day 63 - PCR unadjusted 

treatment failure at day 63  
440 per 1,000  

269 per 1,000 
(150 to 484)  

RR 0.61 

(0.34 to 

1.10)  

3365 

(3 RCTs)  

⨁⨁⨁◯ 

MODERATE 
a,b,e 
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Table 4:  Treatment failure 

Dihydroartemisinin-piperaquine compared to artemether-lumefantrine for the treatment of uncomplicated plasmodium falciparum malaria in African children. 

Patient or population: African children with uncomplicated plasmodium falciparum malaria 

Setting: Malaria endemic setting in Africa.  

Intervention: Dihydroartemisinin-piperaquine  

Comparison: Artemether-lumefantrine  

Outcomes 

Anticipated absolute effects
*
 (95% CI)  

Relative 

effect 

(95% CI)  

№ of 

participants  

(studies)  

Certainty of the 

evidence 

(GRADE)  

Comments Risk with 

artemether-

lumefantrine  

Risk with 

dihydroartemisinin-

piperaquine 

PCR adjusted treatment failure at day 63 - PCR adjusted treatment 

failure at day 63  
51 per 1,000  

44 per 1,000 
(29 to 68)  

RR 0.87 
(0.57 to 

1.34)  

3384 

(4 RCTs)  
⨁⨁⨁⨁ 

HIGH a,f 
 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and 

its 95% CI).  

CI: Confidence interval; RR: Risk ratio; SMD: Standardised mean difference; MD: Mean difference  

GRADE Working Group grades of evidence 
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect 

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is 

substantially different 

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect 

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect  

Explanations 
a. Excluding studies with a high risk of bias didn't change the result.  

b. There is considerable heterogeneity between the included studies.  

c. There is considerable heterogeneity between the included studies and the subgroup analysis didn't explain its source.  

d. There was significant publication bias.  

e. There is no significant difference between the two treatment groups.  

f. The outcome fulfilled the IOS criteria and the effect size is between 0.75 and 1.25.  
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Table 5: Hemoglobin recovery from baseline 

Dihydroartemisinin-piperaquine compared to artemether-lumefantrine for treatment of uncomplicated plasmodium falciparum malaria in African children. 

Patient or population: African children with uncomplicated plasmodium falciparum malaria 

Setting: Malaria endemic setting in Africa.  

Intervention: Dihydroartemisinin-piperaquine  

Comparison: Artemether-lumefantrine   

Outcomes 

Anticipated absolute effects
*
 (95% CI)  

Relative effect 

(95% CI)  

№ of 

participants  

(studies)  

Certainty of the 

evidence 

(GRADE)  

Comments Risk with 

artemether-

lumefantrine  

Risk with 

dihydroartemisinin-

piperaquine 

Anemia - Mean change in haemoglobin (g/dL) from 

baseline to day 28  
-  

SMD 0.15 higher 

(0.05 higher to 0.26 

higher)  

-  
2715 

(4 RCTs)  
⨁⨁⨁⨁ 

HIGH a 
 

Anemia - Mean change in haemoglobin (g/dL) from 

baseline to day 42  

The mean 

anemia - Mean 

change in 

haemoglobin 

(g/dL) from 

baseline to day 

42 was 0  

MD 0.35 higher 

(0.12 higher to 0.59 

higher)  

-  
1434 

(3 RCTs)  
⨁⨁⨁⨁ 

HIGH a,b 
 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and 

its 95% CI).                            CI: Confidence interval; RR: Risk ratio; SMD: Standardized mean difference; MD: Mean difference  

GRADE Working Group grades of evidence 

High certainty: We are very confident that the true effect lies close to that of the estimate of the effect 

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is 

substantially different 

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect 

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect  

Explanations 
a. Excluding studies with a high risk of bias didn't change the result.  

b. There is a significant difference between the two treatment groups 
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Table 6: Adverse events and serious adverse event 

Dihydroartemisinin-piperaquine compared to artemether-lumefantrine for treatment of uncomplicated plasmodium falciparum malaria in African children 

Patient or population: African children with uncomplicated plasmodium falciparum malaria  

Setting: Malaria endemic setting in Africa.  

Intervention: Dihydroartemisinin-piperaquine  

Comparison: Artemether-lumefantrine  

Outcomes 

Anticipated absolute effects
*
 (95% CI)  

Relative 

effect 

(95% CI)  

№ of 

participants  

(studies)  

Certainty of the 

evidence 

(GRADE)  

Comments Risk with 

artemether-

lumefantrine  

Risk with 

dihydroartemisinin-

piperaquine 

Gastrointestinal adverse events - Early vomiting  8 per 1,000  
18 per 1,000 

(12 to 28)  
RR 2.26 

(1.46 to 3.50)  

7796 

(10 RCTs)  
⨁⨁⨁⨁ 

HIGH a 
 

Gastrointestinal adverse events - Diarrhea  135 per 1,000  
157 per 1,000 

(139 to 177)  
RR 1.16 

(1.03 to 1.31)  

6841 

(11 RCTs)  
⨁⨁⨁⨁ 

HIGH a 
 

Vomiting - Vomiting  100 per 1,000  
102 per 1,000 

(87 to 119)  
RR 1.02 

(0.87 to 1.19)  

8789 

(13 RCTs)  
⨁⨁⨁⨁ 

HIGH a,c 
 

Gastrointestinal Adverse event - Anorexia  118 per 1,000  
113 per 1,000 

(100 to 127)  
RR 0.95 

(0.84 to 1.07)  

6841 

(11 RCTs)  
⨁⨁⨁⨁ 

HIGH a,c 
 

Gastrointestinal Adverse event - Abdominal pain  126 per 1,000  
101 per 1,000 

(72 to 140)  
RR 0.80 

(0.57 to 1.11)  

2732 

(8 RCTs)  
⨁⨁⨁⨁ 

HIGH a,c 
 

Cardio-respiratory adverse events - Cough  338 per 1,000  
358 per 1,000 
(341 to 375)  

RR 1.06 

(1.01 to 1.11)  

8013 

(13 RCTs)  
⨁⨁⨁⨁ 

HIGH a 
 

Neuropsychiatry adverse event - weakness/malaise  123 per 1,000  
109 per 1,000 

(91 to 127)  
RR 0.88 

(0.74 to 1.03)  

3407 

(8 RCTs)  
⨁⨁⨁⨁ 

HIGH a,c 
 

Musculoskeletal/dermatological adverse events - Pruritus  57 per 1,000  
57 per 1,000 
(32 to 101)  

RR 1.00 

(0.56 to 1.78)  

1952 

(5 RCTs)  
⨁⨁⨁◯ 

MODERATE a,b 
 

Other Adverse events - Pyrexia  232 per 1,000  
218 per 1,000 

(198 to 242)  
RR 0.94 

(0.85 to 1.04)  

4620 

(5 RCTs)  
⨁⨁⨁⨁ 

HIGH a,c 
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Table 6: Adverse events and serious adverse event 

Dihydroartemisinin-piperaquine compared to artemether-lumefantrine for treatment of uncomplicated plasmodium falciparum malaria in African children 

Patient or population: African children with uncomplicated plasmodium falciparum malaria  

Setting: Malaria endemic setting in Africa.  

Intervention: Dihydroartemisinin-piperaquine  

Comparison: Artemether-lumefantrine  

Outcomes 

Anticipated absolute effects
*
 (95% CI)  

Relative 

effect 

(95% CI)  

№ of 

participants  

(studies)  

Certainty of the 

evidence 

(GRADE)  

Comments Risk with 

artemether-

lumefantrine  

Risk with 

dihydroartemisinin-

piperaquine 

Serious adverse event (including death) - Serious adverse 

event (including death)  
8 per 1,000  

10 per 1,000 
(7 to 16)  

RR 1.27 

(0.83 to 1.96)  

9558 

(14 RCTs)  
⨁⨁⨁◯ 

MODERATE a,b 
 

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and 

its 95% CI).                                      

 CI: Confidence interval; RR: Risk ratio; SMD: Standardised mean difference; MD: Mean difference  

GRADE Working Group grades of evidence 
High certainty: We are very confident that the true effect lies close to that of the estimate of the effect 

Moderate certainty: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is 

substantially different 

Low certainty: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect 

Very low certainty: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect  

Explanations 
a. Excluding studies with a high risk of bias didn't change the result.  

b. There is no significant difference between the two treatment groups.  

c. The outcome fulfilled the IOS criteria and the effect size is between 0.75 and 1.25.  
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Appendix 6: PRISMA 2020 checklist. 

Section and 
Topic  

Item 
# 

Checklist item  
Location 
where item 
is reported  

TITLE   

Title  1 Identify the report as a systematic review. Front page 

ABSTRACT   

Abstract  2 See the PRISMA 2020 for Abstracts checklist. XI 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of existing knowledge. 1 

Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. 8 

METHODS   

Eligibility criteria  5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. 9-11 

Information 
sources  

6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identify studies. Specify the 
date when each source was last searched or consulted. 

12-13 

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. 12 and 80 

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record 
and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process. 

12-13 

Data collection 
process  

9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked 
independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the 
process. 

13-14 

Data items  10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each 
study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect. 

12-13 

10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any 
assumptions made about any missing or unclear information. 

12-13 

Study risk of bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each 
study and whether they worked independently, and if applicable, details of automation tools used in the process. 

14 

Effect measures  12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. 16 

Synthesis 
methods 

13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and 
comparing against the planned groups for each synthesis (item #5)). 

16 

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data 
conversions. 

17 

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. 17 
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Section and 
Topic  

Item 
# 

Checklist item  
Location 
where item 
is reported  

13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the 
model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used. 

17 

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression). 19 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results.  

Reporting bias 
assessment 

14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). 20 

Certainty 
assessment 

15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. 21 

RESULTS   

Study selection  16a Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in 
the review, ideally using a flow diagram. 

23 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded. 117 

Study 
characteristics  

17 Cite each included study and present its characteristics. 81 

Risk of bias in 
studies  

18 Present assessments of risk of bias for each included study. 24-26 

Results of 
individual studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision 
(e.g. confidence/credible interval), ideally using structured tables or plots. 

81 

Results of 
syntheses 

20a For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies. 24-26 

20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g. 
confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect. 

27-61 

20c Present results of all investigations of possible causes of heterogeneity among study results. 27-61 

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. 62 

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. 105-116 

Certainty of 
evidence  

22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. 118 

DISCUSSION   

Discussion  23a Provide a general interpretation of the results in the context of other evidence. 63 

23b Discuss any limitations of the evidence included in the review. 67 

23c Discuss any limitations of the review processes used. 67 
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Section and 
Topic  

Item 
# 

Checklist item  
Location 
where item 
is reported  

23d Discuss implications of the results for practice, policy, and future research. 64-67 

OTHER INFORMATION  

Registration and 
protocol 

24a Provide registration information for the review, including register name and registration number, or state that the review was not registered. 9 

24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. 9 

24c Describe and explain any amendments to information provided at registration or in the protocol.  

Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. X 

Competing 
interests 

26 Declare any competing interests of review authors.  

Availability of 
data, code and 
other materials 

27 Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included 
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Appendix 7: Data collection form   

General Information 

Study ID 

(e.g. author name, year) 
      

 

Form completed by       

 

Study author contact details       

 

Publication type 

(e.g. full report, abstract, letter) 
      

 

List of included publications 

 
      

 

Characteristics of included studies 

Author and year of publication:  

Country   

Setting   

Transmission   

Resistance   

Start & end dates  

Study funding sources 

(including role of funders) 

 

Possible conflicts of interest  

Methods  Design   

Unit of allocation  

Aim of study   

Follow up  

Adverse event monitoring  

Notes:     

Participants  Total no. randomized  

 DHA-PQ AL  
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Age (mean ± SD)   

Sex (proportion male)   

Sex (proportion male)   

Other relevant socio-demographics 

 

  

Temperature at baseline   

Inclusion criteria  

Exclusion criteria   

No. randomized per group DHA-PQ  

      

AL 

      

No. missing   

Reasons missing   

Parasite density    

Intervention  Treatment group DHA-PQ 

 

 

AL 

Dose  

 

 

 

Duration of treatment period  

 

 

 

Timing    

Delivery    

Providers   

Co-interventions 

 

 

  

Note   
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Risk of Bias assessment 

Domain Risk of bias Support for judgment 

 

Location in text or source (pg & ¶/fig/table/other) 

Low High Unclear 

Random sequence 

generation 

(selection bias) 

   
            

Allocation 

concealment 

(selection bias) 

 

   

            

Blinding of 

participants and 

personnel 

(performance bias) 

   

Outcome group: All/      

      

      

Blinding of outcome 

assessment 

(detection bias) 

   
Outcome group: All/      

      

      

Incomplete outcome 

data 

(attrition bias) 

    

Outcome group: All/      

      

      

Selective outcome 

reporting? 
               

Other bias 

 
   

            

Treatment outcome 

Study ID  

 Treatment group  Comparator group  Time  

Loss to follow up    
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Another type of malaria    

Another anti-malaria use    

Recurrent     

ETF    

LCF    

LPF    

Recrudescence    

New infection     

Genotyping unsuccessful    

PCR unadjusted treatment failure    

PCR adjusted treatment failure    

 

 Intervention group  Comparator group  

Fever clearance  Event   Total Number  Event   Total Number  

Day 1     

Day 2     

Day 3     

Parasite clearance       

Day 1     

Day 2     

Day 3     

 

 Treatment group Comparator  

Gametocyte carriage  Event   Total Number  Event   Total Number  

Gametocyte at baseline     

Day 1-14 

 

    

Day 15-28 

 

    

Day 29-42     

Day 4-48     

Day 4-42     

Any other      

Hemoglobin Mg/dl Treatment group  Comparator group 

 Mean SD Total No. Mean SD Total No. 

Baseline        

Day       
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Day       

Day       

Day       

Adverse event  

System  Name of AE Treatment group Comparator group 

Event  Total No. Event  Total No. 

Gastrointestinal      

     

     

     

     

     

     

Neuropsychiatry       

     

     

     

     

Cardio-respiratory      

     

     

     

     

Musculoskeletal/dermatological      

     

     

     

Serious Adverse event       

     

     

Note   

 

Other information 

 Description as stated in report/paper 

 

Location in text or source (pg & ¶/fig/table/other) 
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Key conclusions of study 

authors 

 

            

References to other relevant 

studies 

 

            

Correspondence required 

for further study 

information (from whom, 

what and when) 

      

Notes:         

 

 

 

 

 


