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Abstract 

Background:  Malaria endemic countries are faced with a challenge of drug resistance to anti-malarial 

drugs. The switch  to new malaria treatments  using  Artemisinin-based Combination Therapies  is 

costly. It raises a questions of sustainability to the African countries that have limited resources. 

 

Method: 1813 children aged 0.5 -10 years in Gambia were enrolled into a  multi-centre randomised trial 

comparing the effectiveness of Amodiaquine + Artesunate(AQ+AS) and Amodiaquine + Sulfadoxine-

Pyrimethamine (AQ+SP)  relative  to Chloroquine + Sulfadoxine-Pyrimethamine (CQ+ SP ), which is 

presently the  standard care treatment for uncomplicated plasmodium falciparum malaria in Gambian 

children. This analysis uses  patients’ return to clinic visits  and return to clinic with malaria as 

endpoints. Analyses were by intention to treat. First  and recurrent events were analysed using the 

standard Cox model and  conditional risk set model respectively. 

 

 Findings: After adjusting for centre and a priori selected baseline characteristics, the hazard ratio (HR) 

of  first  return to clinic visit for AQ+SP was 0.94 (95% confidence interval (CI) 0.75 -1.18 ) and  

AQ+AS was 1.15 (95% CI 0.93-1.42 ) relative to CQ+SP. For first clinic visit with malaria the HR for 

AQ+SP was 0.91 (95% CI 0.63,1.30) and AQ+AS  was 1.07  (95% CI  0.77,149) .The HR of recurrent 

clinic visits for  AQ+SP was  0.88 ( 95% CI 0.71,1.08 ) and  AQ+AS was 1.00( 95% CI  0.84,1.22) 

relative to  CQ+SP. Based on recurrent time to clinic visit with malaria, HR for AQ+AS was 0.86 (95% 

CI 0.61,1.19 ) and AQ+AS was 1.00 (95% CI 0.74,1.36)  

Conclusion: There was no significant difference in the two endpoint outcomes between CQ+SP, the 

cheapest standard of care treatment, and the other two treatment combinations. Research contributing 

to a better understanding of the effectiveness of the anti-malarial drugs  using community based 

approach is still needed before change of malaria policy in Gambia.
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CHAPTER ONE: INTRODUCTION 

1.1 Background   

 Malaria is a parasitic disease caused by various parasites of the Plasmodium species 

transmitted by anopheles mosquitoes. Malaria is an important public health problem. It is 

estimated that there are 300-500 million clinical cases of malaria each year globally 

resulting in more than a million deaths8. Around 90% of these deaths occur in Africa, 

mostly in young children7. 

 

In Africa, malaria is a leading cause of under-five mortality accounting for one fifth of all 

deaths8. It also constitutes to 10% of the continentôs overall disease burden. Itôs economic 

and morbidity burden is enormous. For example, malaria accounts for 40% of public health 

expenditure, 30-50% of inpatient admissions, and up to 50% of outpatient visits in areas 

with high malaria transmission7-9. 

 

Most severe and life-threatening form of malaria infections in Africa are caused by 

Plasmodium falciparum9. While anti-malarial drugs have been used for many decades, of 

concern has been an increasing level of parasite resistance to most of the commonly used 

and cheap drugs particularly CQ+SP 7. Consequently, efforts to address the problem have 

been made. For example, the World Health Organization (WHO) recommends that all 

countries experiencing resistance to conventional monotherapies, such as CQ, AQ  or SP, 

should  change  to  combination therapies, preferably those containing Artemisinin 

derivatives (ACTs ï Artemisinin-based Combination Therapies)4,5. This is supported by 

studies in Africa showing consistent better outcomes with Artemisinin-based combination 
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Therapies (ACTs)12-14. Efforts to develop an effective vaccine though promising have been 

unfruitful to date, and, as a result, anti-malarial drugs will continue to be important strategy 

in malaria control43. 

 

The switch to new malaria treatments using ACTs is costly, and faced by problems of 

limited supply (insufficient quantities)50. The cost of ACTs is significantly higher than the 

older drugs.  CQ or SP costs vary between US$0.10 and US $0.15 whilst  ACTs cost 

anywhere between US $ 2.50 and US$ 3.00 for adults and US $0.90 for children - ten 

times the price of CQ or SP50.  

 

In addition it takes time to change medicine policy and implement changes. It involves 

development of guidelines for the national program, identifying new sources of material 

and financing, medical personnel trained and distribution channels ensured50. Most African 

countries currently using the new regimes depend on donor funded projects which may not 

be sustainable51. This calls for integrated research to be done for comparisons of 

combining conventional mono-therapies and ACTs before making malaria treatment policy 

decisions. 

 

Between 1996 and 2004 more than 50 countries (nearly 30 in Africa) had changed their 

first line regiment for the treatment of uncomplicated plasmodium falciparum malaria. This 

was based on results measuring the effectiveness of anti-malarial regimens combinations 

in Sub Saharan Africa7. However, in Gambia, CQ+SP was shown to be more efficacious 

treatment in Gambian children, though it was suspected not to be sustainable16,44. To meet 

the WHO recommendation, it was suggested to use AQ+SP combination 44 as preparation 
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for the long term goal of implementation of ACTs , as  further research is done to 

investigate the available alternatives.  

 

1.2 Rationale of the study 

Studies in Africa that have compared ACTs to conventional anti-malarial treatment 

considered   endpoints of day 14 or 28 risk of treatment failure. These endpoints depended 

on clinical and laboratory data colleted on active follow-ups.  

 

The rationale for this analysis is to use endpoints that consider the actual healthcare 

utilisation and access to care. The analysis looks at the parentsô initiative to seek medical 

care of their children as opposed to clinical/laboratory data collected with scheduled active 

follow ups. This takes into account of patientsô perception of their health and subjective 

well being. 

There is no defined threshold of parasitaemia for classifying malaria  in this analysis to 

present the real life parent health seeking behaviours  and public health point of view, if the 

parent felt necessary to return to clinic even after a short period this implies they  are still in 

doubt of the health of their child. When such caretaker report to the clinic they are catered 

for and treated which should be planned for in the public health facilities and capacity 

building in malaria control. 
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1.3 Aims and objectives of the present analysis  

The analysis is based on data collected from multi centre randomised trial  with three 

treatment arms involving  children in Gambia41. The original context of this trial aimed at 

evaluating the effectiveness of AQ + AS and  AQ + SP compared to CQ+ SP . The primary 

endpoint considered was clinical failure by day 28. Secondary endpoints were 

parasitological failure and haematological recovery by day 28, and infectiousness to 

mosquitoes at day 741. No analysis has been done on the passive surveillance of return to 

clinic to know whether patients took the initiative to return to the clinic for further treatment 

other than the speculated active follow up days. 

 

This analysis aims to answer the question regarding the effectiveness of the three 

treatments and their impact on the population by  analysing: 

(i) Time to clinic visits, 

(ii) Time to clinic visits with malaria made by the parents besides the scheduled trial follow 

ups visits.  

 

As a secondary objective, this analysis also aims to: 

(iii) Identify risk factors associated with  the re-current of these events among these 

children and check whether these factors modify the treatment effect  . 
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 CHAPTER TWO:  STUDY METHODS 

 2.1 Original study information and design. 

The study  was conducted in Gambia.  Gambia is a malaria endemic country in West Africa 

with high seasonal transmission of malaria following periods of peak rainfall. 

It was carried out in three health centres at different locations during the 2003 malaria 

season from September-December 2003.  The trial centres were Brikama, a large urban 

coastal community, Farafenni, a rural town and Njaba Kunda  , a rural community. 

Children aged 0.5 ï 10 years of age, presenting with symptoms of acute malaria infection,  

including   a positive blood smear with plasmodium falciparum, mono infection with a 

parasite density ranging 500-200 000/L of blood   ,Packed Cell Volume (PCV)  ² 20%  and 

axillary temperature Ó 37.5o C were enrolled after obtaining  informed consent from their 

parents or legal guardians 41. 

 

The children  were  randomised  to receive either  combination of AQ 30 mg base/kg in 

three equally divided daily doses (Camoquine 200 mg, Pfizer Afrique de lôOuest, S®n®gal) 

and  AS 4 mg/kg body weight daily for three days (Arinate 50 mg, Dafra Pharma nv/sa, 

Belgium and supplied by Sanofi, France), combination of AQ and single dose  SP (25 

mg/kg sulfadoxine plus 1.25 mg/kg pyrimethamine)  or combination of CQ  (25 mg base/kg 

over three days as 10 mg/kg on the first two days and 5 mg/kg on the third day) and SP41 . 

 

The first dose of the medication was given at the clinic centres. (Figure 1 shows the study 

activity flow). Children who vomited during the 30 minutes observation period had their 
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doses repeated. If the child vomited both the first and replacement medication then a 

rescue medication was given.41 

 

Apart from the active follow-up days, parents/guardians were requested to bring their 

children back to see the study team at any time they felt the child was unwell. A record was 

made of the reason for any return visit, the child was examined, body temperature 

recorded and a blood film made. 

  

 

 

       

 

 

 

  

Figure 1: Study activity Flow 

2.1.1  Randomisation: 

Treatment allocation was determined using pre-packed numbered opaque randomised 

envelopes. The allocation ratio was 1:1:1 for AQ+AS : AQ+SP: CQ+SP:  in the two centres 

of Brikama and Njaba Kunda  , and  2:1:1  in  Farafenni centre. The reason for unequal 

randomisation was to reach the sample size required for a sub-study of mosquito infectivity 
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which was carried out in Farafenni only and used data from subjects recruited from only 

this centre  41. 

 

2.3. Data source  and sample size  

The data sets provided for this secondary analysis contained information on ; 

Treatment arm, clinical and demographic characteristics of the children at baseline and 

clinical information filled in on any return to clinic visits, Packed cell volume (haematocrit 

%), axillary temperatures (0C), parasitaemia  density (/L of blood), parasite gametocytes, 

whether the child has been vomiting and information on symptoms the child has had in the 

last few days were collected at the enrolment and on subsequent return to the clinic.  A 

childôs unique identification number, the health centre, age (years) at enrolment, sex, 

childôs ethnicity, weight (kg) which were recorded at enrolment were also provided. 

The official sample size for the study was done based on the original study objective41. 

This secondary analysis uses the whole previous trial data available with no further  

sample size calculation.  

2.4 Outcome measure  

This analysis focuses on two binary outcomes. 

1. Return to clinic visit, and  

2. Return to clinic visits with malaria.  

Malaria was defined as any child who returns to the clinics with   Plasmodium falciparum  

parasitaemia and have fever (axillary temperature Ó 37.5ÁC )  and/or vomiting and/or 

convulsion.  
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2.5 Potential predictors of the outcome. 

Treatment and centre were the design variables and were taken as forced entry exposure 

variables33. With the review of available literatures, a list of other potential predictors was 

constructed a priori.  These were  weight for age , fever  , vomiting , anaemia  and 

parasitaemia Gametocyte  positive ; dichotomous  variables (recorded as  yes/ no )  and 

parasitaemia Gametocyte density per litre of blood. These factor have been documented to 

be associated with malaria10,25,26,28,45. Age and sex were the social demographic factors to 

be considered.   



 

 9 

CHAPTER THREE: STATISTICAL METHODS: 

3.1 Data description and exploration:  

The baseline data set was used to explore the patientsô baseline characteristics and 

imbalances using simple descriptive methods such as summary statistics and frequency 

distributions. Descriptions of all variables were done to check data quality, such as missing 

values and outliers.  

3.1.1 Categorization and choice of reference groups: 

Continuous variables were categorized to make it easier to interpret the results and also 

basing on previous research findings. A child was grouped as anaemic if her/his  packed 

cell volume(PCV) was less than 33% for those aged below 5years and less than 34 % for 

those aged 5 years and above.40 The weight for age variable was computed using the 

Centres for Disease Control 2000 Growth Reference. Z-scores below -2 standard 

deviations were grouped as underweight whilst Z-scores out of the range (-7,5) inclusive  

was considered erroneous and re-coded as missing. Parasitaemia density was categorised 

into 4 groups  based on quartiles as it was skewed . Age at entry to the study was grouped 

into three groups of ñless than 3 yearsò, ñthree years to less than five yearsò and ñfive years 

and aboveò for comparability with previous studies which looked at children aged two years 

or less and those aged below five years10,23,25. At the time of the study CQ + SP was the 

first-line treatment for uncomplicated malaria in Gambia and as a result, it was taken as a 

reference group .16  

The urban health centre ( Brikama located in  a large urban coastal community ) is a taken 

as the reference centre  for comparison  with the other two centres. 
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3.1.2 Missing data 

A simple model included treatment allocation and centre as exposure variables. There 

were no missing values in these variables.  None of children had missing values in the 

following clinical baseline characteristics; temperature measurements, parasite density, 

gametocyte, fever, vomiting and previous number of days the child was sick.  

 

Twenty six children had missing values for weight for age, 15 for percentage packed cell 

volume, one missing age, and, three in sex. A multivariable model adjusted for a set of 

covariates selected and forced entered into the model on a priori basis. Forty three 

subjects with missing values for these variables are excluded from the model. 

3.2. Statistical analysis plan  

Data was analysed using the intention to treat analysis approach. The data analysis has 

been done using STATA 9.2 statistical software package.  Time to event statistical analysis 

techniques were used .The start point was when the patient was enrolled into the study 

and end point was 31.January.2004. Throughout the analysis censoring was assumed to 

be non-informative.  All tests were performed at significant level of 0.05 (two sided) with 

95% confidence interval. 
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3.2.1 Definition of the measure of effect  

The hazard ratio (HR) has been  used as the measure of the relative survival experience in 

the three treatment groups. It has been derived from conditional probability that a subject 

who has survived up to time t will succumb to the event in the next infinitesimal interval 

time tD.37 

 

 

3.2.2 First event analysis: 

Follow up time : Baseline and return to clinic data was merged .The follow up  time was set  

from the day of child enrolment  to first occurrence of the event of interest .The censoring 

date of 31.January .2004 was considered for all those who never had an event. 

Description: 

Tables to describe the number of subjects and their survival experiences were constructed. 

Incidence rate of return to clinic visit and return to clinic visits with malaria were estimated 

as the number of first events divided by the person time at risk.  

Since the event rate was lower than 30%, plots going up to show the cumulative proportion 

experiencing the event by time were used as recommended by Pocock et al (2002) 39. 

These plots were estimated by the Kaplan-Meier failure function37 stratified by the 

treatment variable and adjusted for centre. 

Model used :  

The standard Cox model was used to obtain the hazard ratio estimates. This model 

estimate how much the survival distribution of two or more groups may differ by use o 

hazard ratios (for example, the three intervention group, baseline prognostic factors) or 

hazard ratio related to a unit increase in exposure variable in case of continuous covariate.  

t

tTttTP
th

t D

²D+<
=

½­½D

)/(
lim)(

0
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Under proportionality hazard function, the hazard for a particular patient can be specified 

as  

   )(th = )(0 th qéééééééééééééééééééééééé(1) 

 Where )(0 th is the baseline average hazard 33,37. 

From equation (1) , the hazard function )(th  is a multiple of q  and relating  q to covariate 

c, 

  ( )cbq  exp=  .  

This analysis includes more than one covariate, ö
÷

õ
æ
ç

å
= ä

=

i

m

i

icbq
1

exp , thus, the standard Cox 

model  is given as ö
÷

õ
æ
ç

å
= ä

=

i

m

i

io thth cb
1

exp)()( ééééééé(2) 

where ɓj (i=1é.m) are the log hazard ratio estimates and  xi ( i=1ém)  are the covariates 

fitted in the model. 

 

Using this standard Cox model, two models were fitted for each of the two outcome 

measures. The first model was obtaining the considering treatment effect adjusted for 

centre alone (referred to as simple model) and the second model included all other 

variables identified as risk factors (section 2.5) on a priori basis.(Referred to as 

multivariable model) 
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3.2.3. Methods for analysis of recurrent failure times: 

Data set up and description: 

The baseline and return to clinic patient dataset were merged and set up in the following 

format: The patient with the maximum number of clinic visits had three visits; these 

subjects contributed 3 uncensored records and no censuring observation. The subjects 

with 2 events contributed 2 uncensored observations and one censured observation. 

Those with one event contributed one uncensored record and one censured and those 

with no event had only one censured record. 

Time to the event was measured from the time of the previous event and the clock set to 

zero after each failure1,3,33 . For example suppose a subject had two return to clinic visits 

events say at  t1, and t2 , this subject is represented as a set of rows with time intervals of 

(0, t1),(0, t2- t1), and (0, censored time -  t2) . 

 

After the data set up, tables to describe the number of events stratified by the selected 

variables were done. Crude event rate per child year of the multiple events and confidence 

intervals   were estimated using the random effect Poisson model to account for the effect 

of clustering. 

 

Models used:  A multiple failure time model as extension of the Cox proportional hazard 

model considered for this analysis is the Prentice, William ,and Peterson model (PWP)1,33. 

This is a conditional risk set model discussed and examined by Kelly and Lim (2000).1 

Cases are diagnosed at risk for event k only after experiencing k-1 event. This Conditional 

model stratifies the data by the events so that the baseline hazard is allowed to vary for 
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each kth   event1. Thus under the proportional hazard assumption, the hazard function of kth  

event   derived from  equation 2  with the stratified estimate is ; 

 

 Where the k0l  is the baseline hazard function assumed to vary by failure type.3 

Two conditional risk set models were fitted for each of the two multiple event of time to 

recurrent clinic visits and recurrent time to clinic visits with malaria; a simple model and a 

multivariable model. 

Correlation:  

Special methods  necessary to accommodate the within individual correlation present 

among the repeated outcome measure of each child whenever they return to the clinic 

were considered as  ignoring this correlation may  result into incorrect estimates of the 

coefficients and invalid  inferences regarding the scientific question.37 

Dependencies between multiple records of failure time were not estimated by the model. 

Instead when fitting the models, covariance matrix of the estimator was adjusted to 

account for the dependency using robust standard errors.3 

Handling ties:  

For handing ties , Efron method which is an approximations to the exact method was 

used49. This was due to the fact that Breslow method does not do well when the number of 

ties at a particular time point is a large proportion of the number of cases at risk (which was 

the case for this dataset), thus Efron method was preferred to  Breslow49. 
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3.3.4. Identifying risk factors 

 Multivariable models  fitted with all the different outcomes as discussion in the prior 

sections were used to identify the risk factors. Using the likelihood ratio c2 test, possible 

interaction between treatment and anaemia, sex, and under weight were assessed by 

introducing separate interaction terms in the model one at a time. For the conditional risk 

set model the partial F test was used to assess the significance of the interaction terms. 

On the basis of these results, separate models were used for subgroup of significant 

interaction factors. 

3.3.5 Checking model assumptions:  

The Scaled Schoenfeld residuals were used for assessing the proportional hazard 

assumption42. They are defined at each time when an event occurs as the difference 

between the values of the covariate of the subjects who fails, x(j), minus the average value 

of the covariate in the subjects at risk. These residuals are scaled to have an average of 

zero at all times (if the proportional hazards assumption holds).Times were the average 

Schoenfeld residual is greater than zero indicated increased hazard because subjects with 

large values are more likely to have the event than the model is predicting.  

 

A trend test on these residuals under the null hypothesis that there is no linear trend  was 

used to check this assumption. Scaled Schoenfeld residuals were plotted against event 

time with a smoothed fit and a line y = 0 for   significant covariate test results.  The 

smoothing fit was obtained using locally weighted regression fitted value for each data 

point of the scaled residuals and time.   
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Let iy  be the scaled residuals to be plotted over follow up time in days  it , the days are 

ordered such that it ¢ 1+it  for each iy , =1é.N-1 then, the  smoothed values 
s

iy is  

calculated and plotted. The subset used in calculating 
s

iy  is indices i_= max(1,i-k) through  

i+= min( I =k, N), where k= (N.bwidth -0.5)/2. The weighting function for each observation 

between J=i_ , é..i+, is given as         

3
3

1
îý

î
ü

û

îí

î
ì

ë

ö
ö

÷

õ

æ
æ

ç

å

D

-
-=

ij

j

tt
w  

0001.1=D  max ( -+ -- iiii tttt , ). The smoothed values of 
s

iy  are the weighted regression 

prediction at each it . 19 

 

 

3.2.6 Sensitivity analysis: 

A sensitivity analysis using a simple model for the recurrent time to clinic visits and 

recurrent clinic visits with malaria was done by per protocol analysis. This model 

excluded the children who repeatedly vomited the first dose under supervision at the 

clinic.  
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CHAPTER FOUR :  RESULTS 

4.1 Participant baseline characteristics  

 Between September and December 2003, a total of 1813 children were randomised to 

three treatment groups in the trial. They were followed up to 31st January 2004 , (follow up 

range 0 to 145 days).  717, 547 and 549 children were randomised to AQ+AS, AQ+SP, 

and CQ+SP respectively. Unequal size of the treatment groups is due the unequal 

randomisation in the three centres. The demographic, clinical and parasitological 

characteristics of the children at baseline are shown in table 1. Enrolment  per centre was 

428(23.6%), 682(37.6%) and 703(38.8%) at Brikama , Njaba kunda  and Farrafenni  centre 

respectively. 58% of the children on AQ+AS were below 5 years whilst   those on  AQ+SP  

and CQ+SP were 59% and 56% respectively.  51% of the children enrolled were males. 

Many children were grouped as anaemic (65%) , the youngest group of  children had 

highest proportions of anaemic condition (82%,64% and 54% for ñ< 3 yearsò, ñ3 to 5 yearsò 

and ñ5 years and above ò respectively). 41% of the children had weight for age < -2SD and 

14% had positive gametocyte.  The  parasite density counts were very skewed with a 

median of 25200 (inter- quartile range 7875 ï 65000) / L of blood  

 4.2 First events: 

 4.2.1 Time to first return to clinic visit: 

Five hundred and one children had at least one return to the clinic: 153 were on 

CQ+SP,148 on AQ+SP and 200 on AS+AQ. The distribution of the events among the 

treatments groups and other factors is shown in table 2. The  over all rate of first  clinic  
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visit as  1.271 per child year with 95% confidence interval (1.16-1.39).  The median survival 

time was not observed in all treatment groups. 

Table 1: Demographic, Clinical and Parasitological Characteristics of children at     
enrolment  

Characteristics Measure  
À
Treatment  groups 

 / Category AQ+AS (n=717) AQ+ SP (n=547) CQ+SP (n=549) 

Centre Brikama 142 (19.8) 143(26.1) 143(26) 

 Farafenni 346(48.3) 178(32.5) 179(32.6) 

 Njaba Kunda 229(31.9) 226(41.3) 227(41.4) 

*Sex  Male  377(52.7) 293(53.7) 253(46.1) 

 Female 338(47.3) 253(46.3) 296(53.9) 

*Age : 

mean° SD :  

(% below 5 years) 4.52°2.63 : (57.8) 4.48°2.61: (59.4) 4.65°2.60 :(55.9) 

*Ethnic Fula 135(18.9) 92(16.9) 102(18.7) 

 Mandinka 360(50.5) 287(52.9) 285(52.2) 

 Wollof 130(18.2) 95(17.5) 84(15.4) 

 Others 88(12.3) 69(12.7) 75(13.7) 

Number of days 

child was sick 

Average in days  

(IQR) 2.5(2-3) 2.3(2-3) 2.4(2-3) 

No 339(47.3) 289(52.8) 279(50.8) 

Vomiting Yes  378(52.7) 258(47.2) 279(49.2) 

Fever No 8(1.1) 10(1.8) 7(1.3) 

 Yes 709(98.9) 537(98.2) 542(98.7) 

Temperature  Mean(range) in 0C   38.02(32-40.7)  37.92(35.8-40.8) 37.95(35.1-40.8) 

*Weight for Age  

mean° SD z score :  

 (% with Z score < 2SD  ) -1.83°1.88 : (43.0) -1.75°1.79: (40.1) -1.85°1.44 : (41.17) 

 * %PCV mean° SD:  (% anaemic ) 30.67°4.97  : (72.4) 30.70°5.19 :(67.0) 30.87°4.78 : (70.3) 

     

Parasite  density  Median(IQR) /L of blood 26000 ( 8800, 60500) 25500 (6900, 66500) 24500 ( 7500, 66500) 

     

No 627(87.5) 462(84.5) 469(85.4) Gametocyte 

positive Yes 90(12.6) 85(15.5) 80(14.6) 

 
À Presented are numbers (column percentage) unless stated in the measure/category  : Percentages may 
not sum to 100 due to rounding  
* Variables with missing values   3  in sex, age  1, ethnic 11,weght for age 26, % packed cell volume 15.  
IQR = Inter-Quartile Range : SD=Standard Deviation  

                                                 
1 Event rate per child year = (events x 365.25 ) · total  days at risk 
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Table 2: Event rate by different baseline characteristics considering first event only  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¥
Event rate per child year = (events x 365.25 ) · total  days at risk 

* Anaemic variable has 2 missing values under recurrent clinic visits and 1 under recurrent clinic visits with 
malaria; Under weight has 6 and 5 respectively. 
 

 
Variable 

Category/units 

Return to clinic visits  Return to clinic visits with malaria 

Number of 
events 

Time at risk 
(person days) 
 

¥
Event rate 
per child 

year  
Number 
of events 

Time at risk 
(person 
days) 

¥
Event rate per 

child year 

Overall 501 144028 1.27 208 164104 0.46 

Treatment                   
AQ/AS 200 56477 1.29 85 64627 0.48 

              SP/AQ 148 44039 1.23 59  50082 0.43 
CQ/SP 153 43513 1.28 64 49395 0.47 

Centre                  
   Brikama 146 30924.0 1.72 35 38019 0.34 
Faramenni 111 61311 0.66 61 65065 0.34 

Njaba kunda 244 51794 1.72 112 61020 0.67 
Sex            

Female 246 70049 1.28 106 79968 0.48 
             Male  255 73718 1.26 102 83874 0.44 

Age group       
  <3years 

        3  to 5 years  
5 years and above 

219 
121 
161 

42331 
36324 
65243 

1.89 
1.22 
0.90 

 

74 
53 
81 

51888 
41252 
70834 

0.52 
0.47 
0.42 

 

*Anaemic              
          No 179 50695 1.29 83 57609 0.53 

                         Yes 320 91615 1.28 124 104695 0.43 

*Under weight        
          No 287 84572 1.24 124 95661 0.47 

                         Yes 208 57311 1.33 79 66245 0.44 
febrile       

          No 178 53793 1.21 76 60156 0.46 

                         Yes 323 90235 1.31 132 103948 0.46 
Vomiting       

          No 268 71014 1.38 107 82139 0.48 
                         Yes 233 73014 1.17 101 81965 0.45 

Parasite density  
/ L of blood 

  
 

  
 

Less than 8000 
8000-25000 

25000-65000 
>65000   

128 
113 
116 
144 

35552 
35145 
37015 
36316 

1.32 
1.17 
1.14 
1.45 

 

54 
48 
47 
59 

40024 
39598 
41829 
42653 

0.49 
0.44 
0.41 
0.51 

Gametocyte Positive       
No 440 125844 1.28 186 143450 0.47 

Yes   61 18184 1.23 22 20654 0.39 
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Figure 2: Kaplan ïMeier cumulative failure proportion by treatment  for each centre. 

Note: different  scale for each outcome was used. 

 
 

The cumulative  proportion plot (patients experiencing the event) for each centre are 

shown in figure 2 above. There is a slight suggestion that AQ+AS  had an increased 

hazard ratio of  first return to clinic visit while AQ+SP was protective compared to CQ+SP 

from the  graph (figure 1) specifically for Faraffenni centre. After adjusting for centre  the 

analysis of time to first clinic visit  did not detect any statistically significant hazard ratio. 

The HR of AQ+AS relative to CQ+SP was 1.16 [0.94,1.43] , (p=0.160) and  AQ+SP  

compared to CQ+SP was 0.96 [0.77,1.20],   p value= 0.729   compatible with no difference 

in the risk  of return to clinic between CQ+SP and the other treatment combinations. 

(Results shown in Table 3).  
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Being in Faraffeni centre had a lower hazard of first return to clinic visit, HR = 0.40 (95% 

CI; 0.31 to 0.50 ,p<0.001 ) compared to Brikama (urban centre)  . The corresponding effect 

comparison of urban and rural community centre was not significant HR=1.02 (95% CI; 

0.82, 1.25, p =0.797). 

 

Table four shows analysis that aims to identify risk factors other than centre and treatment. 

After adjusting for a priori selected baseline covariates, there was a strong evidence of 

association of age  (Likelihood ratio test p-values <0.001). The hazard of first return  clinic 

visit was decreasing with the increase  age. Children   aged ñ3 to less than 5 yearsò  had a 

HR of 0.64 (95% CI ;  0.51 , 0.81  , p<0.001)  and for those aged  ñ 5 years and aboveò had 

a hazard of  0.50 (95% CI ; 0.39, 0.63 p<0.001)  relative  those aged ñless than 3 years ñ. 

 

The treatment hazard ratios were still similar to those obtained after adjusting for only 

centre but the effect of  the rural community centre  changed to a  significantly higher 

hazard than the urban centre , HR=1.26 (95% CI; 1.01, 1.56, p =0.039). None of the other 

selected covariates was significant. 

 

The effect modification of Anaemia, sex, age group and weight for age were all not 

statistically significant (each P>0.05; details not shown). 
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4.2.2 Time to first return to clinic visit with malaria:  

Out of the 501 first clinic visits, 208 (42%) cases had malaria. The distribution of these 

event rates among the treatment groups and risk factors are shown in table 2. The over all 

rate of first  clinic  visit with malaria was 0.46 per child year with 95% confidence interval of 

(0.40 ,0.53) . 

 

The cumulative proportion graph (figure 2) for the three treatments were running together, 

except for Farafenni centre where AQ+AS had a higher cumulative failure lower than the 

other treatments. When the simple model was fitted, the HR of  first return to clinic with 

malaria was 0.91(0.64,1.30)  for AQ+SP and 1.10  (0.79,1.52) relative to  CQ+SP. (refer 

table 3).  Both were not statistically significant, ( p=0.615  and 0.572 respectively) .There 

was an observed significant increase in the hazard comparing the urban centre (Brikama) 

to the rural village centre (Njaba kunda ) (HR=2.04, p value<0.001) .The hazard ratio of 

first return to clinic with malaria for  Brikama  compared to the rural town centre  of 

Farafenni was not significant. (HR=1.21 ; 95% CI 0.78,1.87;  p =0.399). (Table 3) 

 

After adjustments using the standard Cox model, the treatment effects were similar to the 

simple model (table 4). Anaemia, weight for age , sex, vomiting, parasitaemia density and 

febrile covariate  did not detect any statistically significant association (table 4). Age was 

identified as a strong statistically significant risk factors for the return to clinic with malaria 

(Likelihood ratio test p<0.001). The hazard ratio for children aged ñ3 to 5 yearsò and ñ5 
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years+ò were 0.75 (95 % CI; 0.52, 1.09) and 0.63 (95% CI; 0.44, 0.90) respectively.(less 

than 3 years reference group), being older was  protective.  

Table 3: Standard Cox model Hazard ratios [95% CI] for Treatment effect adjusted for centre 
considering first event. 

   
Table 4:  Multivariable standard Cox model of time to first clinic visit and time to first clinic visit with 

malaria  (n=1770*) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  R eturn to clinic  visits   R eturn to clinic  with malaria   
  CQ + SP   1 .00   1 .00   

Treatment   AQ + SP               0.96     [0.77,1.20]   0.91   [0.64,1.30]   
  AQ + AS               1.16     [0.94,1.43]   1.10   [0.79,1.52]   

  Brikama   1 .00   1 .00   
Centres   Farafenni   0. 40   [0.31,0.50]   1.02     [0.67,1.55]   

  Njaba Kunda   1.02   [0.82,1.25]   2.04     [1.40, 2.98]   
  

   
Variable  

   Return to clinic visit  Return to clinic with malaria 

Adjusted hazard ratio 
(a)

P values   Adjusted hazard ratio 
(a)P values 

Treatment                 
CQ+SP  1.00  1.00  

             SP+AQ 0.94  [ 0.75, 1.18 ] 0.645 0.91[ 0.63 , 1.30 ] 0.593 
AQ+AS 1.15  [ 0.93, 1.42 ] 0.205 1.07 [ 0.77 ,1.49 ] 0.678 

Centre                
   Brikama 1.00 - 1.00  
Farafenni 0.47 [ 0.37 ,0.62 ] <0.001 1.21 [ 0.78, 1.87] 0.399 

Njaba kunda 1.26 [ 1.01, 1.56 ] 0.039 2.28 [ 1.53 , 3.40] <0.001 
Sex          

Female 1.00 - 1.00 - 
             Male  0.98  [0.81, 1.16] 0.756 0.93 [ 0.70 , 1.22] 0.598 

age group     
                     <3years 

        3-5years  
5 years and above  

1.00 
0.64[0.51,0.81] 
0.50 [039,0.63] 

- 
<0.001 
<0.001 

1.00 
0.75 [ 0.52, 1.09] 
0.63 [0.44 ,0.90] 

- 
0.130 
0.011 

Anaemic            
          No 1.00 - 1.00 - 

                         Yes 0.91 [0.75, 1.10] 0.335 0.83 [ 0.61 , 1.12] 0.218 

Under weight     
          No 1.00 - 1.00 - 

                         Yes 0.95 [0.79 ,1.14] 0.581 1.12 [ 0.84 , 1.51] 0.429 
febrile     

          No 1.00 - 1.00 - 

                       Yes 1.10 [0.91 ,1.34] 0.326 1.07 [ 0.79,1.45] 0.665 

Vomiting     
          No 1.00 - 1.00 - 

                       Yes 0.98 [0.82,1.17] 0.815 1.00 [ 0.76 ,1.33] 0.989 
Parasite density  / L of blood     

Less than 8000 
8000-25000 

25000-65000 
>65000   

1.00 
0.89[0.69,1.15] 
0.92 [0.71, 1.20] 
1.09 [0.84 ,1.40] 

- 
0.379 
0.558 
0.497 

1.00 
0.92 [ 0.61 , 1.37 ] 
0.92 [ 0.61 , 1.39 ] 
1.13 [ 0.76 , 1.68 ] 

- 
0.668 
0.692 
0.554 

Gametocyte Positive     

No 1.00 - 1.00 - 

Yes   0.77  [ 0.58 , 1.03 ] 0.077 0.73 [ 0.45 , 1.18] 0.200 

 



 

 24 

 
 
 
 
(a)

Wald test p values. *43 children excluded due to missing values 

4.3 Multiple Events: 

There were 633 total number of recurrent return to  clinic visits  with 233(37%) returns 

visits with  malaria (table 5). 21% of the children experienced one return to clinic visit while 

10% experienced one return clinic visit with malaria. 

Table 5:  Distribution of the number of children per Number of events 

   

 

 

 

 

 

 

 

 

 

 

Data are number of  children (column percentages) 

 

Total person at risk was 177276 person days for the recurrent clinic visits; there was an 

over all event rate of 1.31 (95% CI ,1.20 ,1.42) per child-year for recurrent return to clinic 

visits and 0.48 (95% CI  0.42 ,0.54) for recurrent return to clinic with malaria.  The event 

rate of multiple return to clinic visits was 1.42 (95% CI 1.24 ,1.63) , 1.25 (95% CI 1.08 

,1.44), and 1.26 (95% CI ;1.11 ,1.43)  for CQ+SP, AQ+SP and AQ+AS respectively. Figure 

3  show a plot of the  estimated rates and the 95% CI of multiple outcomes. The 

confidence intervals over lap and are wider for treatments AQ+SP and AQ+AS . 

 

Number 
of 

events  

Return to clinic visits   Return to clinic visits  with malaria 

CQ+SP AQ+SP AQ+SP TOTAL  CQ+SP AQ+SP AQ+SP TOTAL 

0 396(72.1) 399(72.1) 517(72.1) 1321(72.4)  485(88.3) 488(89.2) 632(88.2) 1605(88.5) 

1 111(20.2) 122(22.3) 162(22.6) 395(21.8)  54(9.8) 54(9.9) 77(10.7) 185(10.2) 

2 30(5.5) 18(3.3) 32(4.5) 80(4.4)  9(1.6) 5(0.9) 7(1.0) 21(1.2) 

3 12(2.2) 8(1.5) 6(0.8) 26(1.4)  1(0.2) 0 1(0.1) 2(0.1) 
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Time at risk in person days, event rates and the number of events of the two outcomes per 

various treatment groups and selected risk factors are shown in table 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: The event rate per child year of multiple events with 95 % confidence interval. 

 

Results from PWP model, using robust standard errors to adjust for within subject 

correlation are shown in Tables 7 for the simple model and table 8  for the multivariable 

model. 

 

Comparison of the treatment effect obtained using the simple model with those from a 

model adjusting for all selected variables shows similar hazards for both outcomes. For the 

recurrent clinic visits the effect of AQ+SP  and AQ+AS was 0.89( 95% CI ; 0.72 ,1.09) and 

1.01 (955 CI; 0.84 , 121 ) respectively (CQ+SP reference) in the simple model. 
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After adjustments, the HR for AQ+SP and AQ+AS were 0.88(0.71, 1.08 ) and 

1.01(0.84,1.22) respectively. All these associations were not statistically significant. (see 

results in  table 8). 

A similar pattern was observed with the recurrent clinic visits with malaria. The HR of 

AQ+SP and AQ+AS were 0.85 [0.62, 1.20] and 1.02 ( 95% CI ;0.75, 1.38) using the simple 

model   and 0.86 (95% CI 0.61,1.19) and 1.00 (95% CI 0.74,1.36) respectively after 

adjusting for centre and all the selected factors . These associations were also not 

statistically significant. (Results table 8). 

 

Being in rural town centre had a lower hazard 0.48(95% 0.38, 0.62 , p<0.001) of return to 

clinic visits whilst  rural village centre had a significant higher hazard (HR=1.25 ;95% 1.02, 

1.51, p=0.027) compared to the urban centre. HR associated to recurrent return to clinic 

visits with malaria in rural town was not significant (HR =1.20, 95% CI=0.78, 1.83, 

p=0.401), whilst the rural village  had  a  strong statistically significant effect . (HR=2.19 , 

95% CI =1.48,3.24, p<0.001) relative to the urban centre. 

 

There was no difference between the risk boys and girls.( HR=0.95, 95% CI =0.81,1.11, 

P=0.544). Age was a significant risk factor for multiple events as well. The HR for  3 to 5 

years and those aged 5 years  and above  were 0.60 and 0.47 ( each p<0.001) for the  

recurrent clinic visits and 0.73 and 0.59 respectively of  recurrent clinic visit with malaria. 

(p=0.086, p=0.002 respectively) 

 

None of the other factors were significantly associated with the outcomes.(refer to table 8) 
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Table 6: Event rate by different baseline characteristics considering recurrent events  

Recurrent time to clinic visit 
Recurrent time to clinic visit with 
malaria 

Variables 
Category/units 

  

Number 
of 

events 

Time at risk 
(person 
days) 

¥
Event rate 
per child 

year
  

Number 
of events 

Time at risk 
(person 
days) 

 

¥
Event rate 

per child 
year

 

Over all 633 177276 1.30 233 177975 0.48 

Treatment                   

AQ/AS 244 70650 1.26 94 70727 0.49 

             SP/AQ 182 53387 1.25 64 53605 0.44 

CQ/SP 207 53239 1.42 75 53643 0.51 

Centre                  

   Brikama 189 40212 1.72 39 40474 0.35 

Faramenni 127 69680 0.67 67 69680 0.35 

Njaba kunda 317 67380 1.72 127 67821 0.68 

Sex             

Female 315 86622 1.33 118 87060 0.50 

             Male  318 90392 1.28 115 90653 0.46 
Age group        

                 <3years 299 56612 1.93 87  57042  0.56 
        3-5years  146 44699 1.19 59  44817  0.48 

5 years and above  188 75835 0.91 87  75986  0.42 

*Anaemic              

          No 224 62453 1.31 92 62722 0.54 

                         Yes 407 112914 1.32 140 113344 0.45 

*Under weight        

          No 366 103363 1.29 142 113344 0.46 

                         Yes 261 71467 1.33 86 62722 0.50 
Febrile        

          No 225 64698 1.27 89 64973 0.50 

                          Yes 408 112578 1.32 144 113002 0.47 
Vomiting        

          No 345 88425 1.43 122 88921 0.50 

                          Yes 288 88851 1.18 111 89054 0.46 
        
Parasite density / L of blood      

Less than 8000 164 43058 1.39 63 43291 0.53 
8000-25000 139 42391 1.20 53 42499 0.46 

25000-65000 151 45234 1.22 54 45496 0.43 
>65000   179 46593 1.40 63 46689 0.49 

Gametocyte Positive       

No 554 155285 1.30 210 155937 0.49 

Yes   79 21991 1.31 23 22038 0.38 

 
¥
Event rate per child year = (events x 365.25) · total days at risk 

* Anaemic variable has 2 missing values under recurrent clinic visits and 1 under recurrent clinic visits with 
malaria; underweight has 6 and 5 respectively. 
 
 



 

 28 

Table 7:  Treatment effect adjusted for centre using PWP model of recurrent time to events. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 8: PWP Gap time model of recurrent time to clinic visit and recurrent time to clinic visits with 

malaria adjusted for prognostic baseline factors   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 *43 children excluded due to missing values 7 of these had an event: Model fitted using robust standard errors  and  
adjusting for within patient correlation. Global test for proportionality assumption p<0.05 

Variables 

   Recurrent time to clinic visit  Recurrent time to clinic visit with malaria 

Hazard ratio 95% CI p-value  Hazard ratio 95% CI p-value 

 CQ/SP 1.00 - -  1.00 - - 
Treatment AQ/SP             0.89 [ 0.72, 1.09] 0.254  0.85 [ 0.62, 1.20 ] 0.365 

 AQ/AS             1.01 [ 0.84, 1.21] 0.887  1.02 [ 0.75, 1.38 ] 0.890 

Centre Brikama 1.00 - -  1.00 - - 

 Farafenni 0.40 [ 0.31, 0.50] <0.001  1.00 [ 0.65, 1.50 ] 0.986 

 Njaba Kunda 1.00 [ 0.83, 1.20] 0.981  1.96 [ 1.35 , 2.82 ] <0.001 

 

   
 

   Recurrent  clinic visit    Recurrent clinic visit with malaria 

Adjusted HR P values Adjusted HR P values 

Treatment             CQ/SP  1.00  1.00 - 
             SP/AQ 0.88 [0.71 , 1.08] 0.216 0.86 [ 0.61 , 1.19] 0.358 

AQ/AS 1.01 [ 0.84,1.22] 0.894 1.00 [ 0.74 , 1.36] 0.977 
Centre                

   Brikama 1.00 - 1.00  
Faramenni 0.48 [ 0.38 , 0.62] <0.001 1.20 [ 0.78 , 1.83] 0.401 

Njaba kunda 1.25 [ 1.02, 1.51] 0.027 2.19 [ 1.48 , 3.24] <0.001 
     
Sex                       Female 1.00 - 1.00 - 

             Male 0.95 [ 0.81, 1.11] 0.544 0.95 [ 0.73 , 1.23] 0.682 
Age group     

          <3years 
        3-5years  

5 years and above  

1.00 
0.60 [0.49,0.74] 
0.47 [ 0.39,0.58] 

- 
<0.001 
<0.001 

1.00 
0.73 [0.51 ,1.05] 
0.59 [0.42 , 0.83] 

- 
0.086 
0.002 

     
Anaemic                      No 1.00 - 1.00 - 

Yes 0.90 [ 0.76,1.08] 0.258 0.84 [ 0.64 , 1.10] 0.202 
     
Weight for age             No 1.00 - 1.00 - 
(underweight)             Yes 0.99[0.85,1.17] 0.952 1.17 [ 0.89, 1.55] 0.257 
     
Febrile                         No 1.00 - 1.00 - 

          Yes 1.07 [0.90, 1.27] 0.454 0.99 [0.74 , 1.32] 0.954 
Vomiting                      No 1.00 - 1.00 - 

Yes 0.95[0.81, 1.12] 0.557 0.96 [ 0.74 , 1.24] 0.752 
Parasite density        

Less than 8000 
8000-25000 

25000-65000 
>65000   

1.00 
0.85 [ 0.68, 1.08 ] 
0.92 [ 0.72 ,1.16 ] 
1.02 [ 0.80,1.26 ] 

- 
0.180 
0.501 
0.896 

1.00 
0.87 [0.59 , 1.28] 
0.89 [ 0.60 , 1.31] 
1.00 [ 0.68 , 1.47] 

- 
0.475 
0.553 
0.987 

Gametocyte Positive   No 1.00 - 1.00 - 

Yes   0.82 [ 0.63, 1.07] 0.147 0.66 [ 0.42 , 1.04] 0.074 
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When interaction terms were added in model to see whether treatment effect were 

modified by number of previous clinic visits, sex, anaemia (yes /no), under weight (yes/no) 

and parasite density at  baseline, there were no significant interaction between these 

covariates and treatment (each P>0.05; details not shown)  except for the number of 

previous visits (P = 0.021). The treatment effects stratified per number of prior events are 

presented in table 9. The effect of AQ+AS is protective at the third return to the clinic and 

this was statistically significant (HR= 0.37 [0.15, 0.94], p=0.037). Nevertheless, the number 

of subjects at risk of a third event was quite small. There were only 80 children who had 

two returns to clinic events and only 26 had the third return to clinic visit. There were 12, 8, 

and 6 children in the CQ/SP, AQ/SP and AQ/AS groups respectively.  

 
Table 9 : Stratum specific treatment hazard ratio(95%CI) after adjusting  for all other 

risk  factor  

Number  of prior clinic visit: 
 

 
 

Treatment  0 1 2 

CQ/SP                     1.00 1.00 1.00 

AQ/SP 0.94 [ 0.75, 1.18] 0.61[ 0.37,1.02 1.31[0.53,3.25] 

AQ/AS 1.15 [ 0.93,1.42 ] 0.74[0.48,1.14] 0.37[0.15,0.95] 

  

4.4 Analysis by per protocol: 

Sensitivity analysis by per protocol was done were 49 children who repeatedly vomited the 

medication at commencement of trial treatment were excluded from the analysis. These 

children were given rescue treatments and removed from the trial treatment protocol. 

Results obtained are showed in table 10. These results were similar though not identical to 

those obtained by intention to treat analysis  
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Table 10: PWP model of recurrent time to events using per protocol analysis 

   Recurrent  to clinic visits  
Recurrent to clinic visits with 
malaria 

 Hazard ratio  [95% CI] p-value  Hazard ratio [95% CI] p-value 

Treatment CQ/SP 1.00 - -  1.00 - - 

 AQ/SP             0.89 [ 0.72 , 1.10] 0.271  0.86 [ 0.61 , 1.20 ] 0.378 

 AQ/AS             1.04 [ 0.86, 1.26] 0.714  1.02 [ 0.75 ,1.39 ] 0.879 

Centre Brikama 1.00 - -  1.00 - - 

 Farafenni 0.40 [ 0.31 , 0.51] <0.001  1.00 [ 0.66 , 1.52] 0.993 

 NjabaKunda 1.04 [ 0.86 , 1.26 ] 0.671  1.97 [1.35 , 2.89 ] <0.001 

  

4.5 Proportionality Hazard (PH) assumption check:  

The proportionality hazard assumption of the model with all factors was tested. A global 

test showed that the assumption did not hold for the model of recurrent return to clinic visit 

(p=0.0128) and recurrent clinic visits with malaria (p<0.001).    

For recurrent clinic visits, covariate wise test of the rural town centre (Farafenni) showed 

evidence of departure from proportionality assumption. The plot of smoothed residuals 

showed some evidence of relatively lower hazard associated to this centre all throughout 

the follow up time.(figure 4) 

Considering the model for  recurrent return to clinic visits with malaria covariate wise tests 

showed evidence of departure from proportional hazard for children who are anaemic 

(P=0.018). All other variables in this model showed a constant effect over time. The 

smoothed residuals (figure 5) , suggest that the log hazard ratio in about the first 30 days 

should be slightly higher, between 30 to 60 days the log hazard ratio is very close, and 
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after about 60 days the log HR should be lower than the HR value estimated based on 

Proportionality Hazard (PH) assumption.   
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Figure 5: Scaled Schoenfeld residuals for the effect of anaemia on 

recurrent return to clinic with malaria. Plotted against time in 

days. A horizontal reference line at zero and smoothed fit is shown   

 

Figure 4: Scaled Schoenfeld residuals for the effect of rural town centre on recurrent 

return to  clinic. Plotted against time in days. A horizontal reference line at zero and 

smoothed fit is shown 
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CHAPTER FIVE : DISCUSSION.  

5.1 Summary of findings: 

Understanding patientsô perception of their health in relation to antimalarial drug regimens 

is important given the burden of costs of these drugs. It may impact on the adherence to 

treatment and the motivation of patients to seek care. This analysis aimed to answer the 

question regarding the effectiveness of the three treatments and their impact on the 

population by looking at time to clinic visits, time to clinic visits with malaria made by the 

patients besides the scheduled trial follow up visits, and to identify risk factors associated 

with the re-current of these events among these children. There was no difference in the 

risk of all the endpoint outcomes among the three treatment combinations and age was the 

only identified risk factor significantly associated with recurrent events. 

Treatment effect: 

Of the three malaria treatment studies in the trial, CQ+SP is the  cheapest and the   

standard  treatment care for uncomplicated plasmodium falciparum malaria in Gambian 

children,  AQ+AS  and AQ+SP  are both  Artemisinin-based combination but  ,  AQ+SP  is 

an inexpensive alternative compared to AQ+AS. The findings have shown no significant 

difference between the three treatments considering the first events. AQ+ SP seemed to 

be associated with a lower hazard of both returning to clinic  visit and return to clinic visits 

with malaria events, though not statistically significant.  

 

These results were different   with other results reported in East Africa 14,17,48 were AQ+SP 

was significantly more effective than CQ+SP and AQ+AS was better than AQ+SP. This 

could be attributed to the different outcome measures considered in these studies. This 
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analysis has made use of return to clinic as the outcome .This provides an angle of health 

care alternative to using clinical or laboratory data as endpoint. It could be possible that 

malaria transmission intensities for West and East Africa could be different due to 

environment and other epidemiological factors requiring a different treatment policy 

 

Effect modification of prior clinic visits:  

Among those who were at risk of a third event, AQ+AS appeared to be protective.   Some 

tentative explanations may be that this drug may stay in the body for different duration and 

so have different impact in the longer term. However, results are based on a small number 

of events, there is no enough power to detect the difference, and thus these results might 

have occurred by chance.  

Identified risk factors  

The hazard ratio was lower among older children, showing that older age (above 3 years) 

was protective. Older children are more protected compared to those below 3 years due to 

immunity gained through multiple exposure to malaria infections in the older children46  and  

the health seeking  behaviour factors  of the parents with very young children. These 

results are consistent with other findings  done by Schellenberg et al (1999)52 in African 

children,  and  a longitudinal studies  done in Uganda 21 where  older children (above 5 

years compared to below five years) were having low incidences of malaria .  

 Rural village centre had higher risk of return to clinic visits with malaria compared to urban 

and rural town centres. This may be due to differences in social economic status between 

the residing areas. Parents in the urban and towns may be more educated, taking care of 

their children by using insecticide treated nets. Njama, D., et al 53 found high levels of 
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education and social economic status being protective measures of malaria. Malaria 

incidences have been found in areas with relatively large proportion of land under bush, 

forests covers and agriculture 55, children in house holds using open water sources have a 

high incidence than those using closed water sources 53 and these are typical 

characteristics of rural community village.  

Weight for age, fever, vomiting, gametocyte, parasitaemia density one of the priori 

identified risk factors were not associated with either outcomes. The proportionality test 

showed some evidence of reduction in the hazard among anaemic children after 30 days 

which could reflect its protection.  A study in and Zanzibar 53 found increased risk of 

malaria among children who received iron and folic acid with or without zinc compared to 

the placebo group. Further studies could be done to investigate this.  

Sensitivity analysis:  

The results by intention to treat and per protocol analysis were both consistent. The 

protocol analysis only excluded children who repeatedly vomited the first dose and were 

removed from the trial medication. This could suggest that none of the trial medication 

have strong risk of vomiting or short term unwanted reactions. No data about adherence at 

home was provided to be able to exclude patients who never took the medication using  

per protocol analysis, since some medication was taken at home unsupervised.  

Findings in Uganda22, where they compared supervised and unsupervised anti-malarial 

treatment found that adherence was an important factor for maximum benefit of new anti-

malarial drugs. Presence of adherence data would have been of great benefit. 



 

 35 

5.2 Strength and limitations: 

 

Analysis methods and outcome:  

The analysis of multiple and first events gave fairly similar treatment effect results. This 

could be due to the facts that most of the events recorded were first events.  The results 

from the recurrent data were more precise compared to the analysis of first events. Robust 

standard errors were a bit smaller in the models of recurrent events compared to the 

standard errors obtained in the first event only. This is due to the fact that the survival 

analysis approach is powered by the numbers of events which occur during the follow up. 

It is recommended to use Multiple failure analysis as it utilises all the available 

information37 and also WHO recommends the use of survival analysis in  analysing anti-

malaria trials. This analysis didnôt define threshold of parasitaemia for classifying malaria 

which could be a possible limitation however from the public health and behaviour point of 

view, if the parent felt necessary to return to clinic even after a short period this implies she 

wasnôt satisfied with the medication and was still in doubt of the health of the child. When 

such caretaker report to the clinic they are catered for and treated which should be 

planned for in the public health facilities and capacity building in malaria control. 

 

Possible sources of bias: 

The analyses are based on the assumption that all patients were followed up to the end of 

the study (January 2004). The return to clinic data was based on passive surveillance. All 

cases without the event were taken to be censured on 31.January.2004. This could have 

over estimated the total time at risk. But since recruitment started in September 2003 the 

follow-up time is short, thus lost to follow-up and migrations are likely to be minimal, so 

bias due to migration should be minimal. 
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Throughout the analysis itôs assumed there is no systematic difference in the chance of an 

event being unnoticed. Patients may seek better health services else where other than 

their registered clinics. This is a common phenomenon as patients would tend to seek for 

better services else where other than where they went for the first treatment especially 

when sickness persists. These cases will not be recorded. This being a randomised study, 

it is likely to be non differential misclassification. 

 

Blinding:  

Human behaviour is influenced by what we know or believe. There was no blinding in this 

trial. Since our outcome was return to clinic visits, its involved evaluation of different 

behaviours which are subjective and depend on the perceived knowledge. If parents / 

caretakers are aware of the standard malaria treatment in Gambia as CQ+SP, there are 

high chances that those who will be given that medication may not return to the clinic due 

to the influence of the perceived knowledge. Human minds might be susceptible or not 

susceptible to new changes, whether children are better or not, parents given alternative 

treatment other than the perceived one may tend to come back to the clinic causing to over 

estimation of the risk associated with the unaccepted treatment. This might course over or 

under estimation of treatment effects. This was observed in a Meta analysis by Schulz KF, 

et al 54  that lack of blinding over estimates the treatment effect.  

 

Power ,missing values and lost to follow up: 

The study was big enough with only 43 (2%) subjects with at least one missing values in 

the covariate. These values were taken to be missing completely at random and excluded 
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from the multivariable analysis. This is a small numbers; it is unlikely that the results were 

affected by these missing values.  

 However chance cannot be ruled out even if the study was large. This study was designed 

for to answer different original objectives. There may be some design effects associated 

with this, making our results be interpreted with caution.  

5.3 Conclusions: 

There was no significant difference in return to clinic visits and return to clinic visits with 

malaria between the three malaria treatments. Older children were at a lower risk of return 

to clinic and lower risk of malaria. Children residing in the rural community were at a higher 

risk of malaria events.  

This analysis is a basis to further research to contribute to a better understanding of the 

effectiveness of the anti-malarial drugs using the real  life  community based approaches  

specificall to Sub-Saharan African countries. These studies should not only be based on  

clinical and laboratory data but also studying the differences in treatment seeking 

behaviour and health care utilisation  subjective to the patients.  
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