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Abstract – Women living in malarial areas and who are 

pregnant for the first or second time are more likely to 

become infected with malaria. This brings severe anemia 

causing weakness and tiredness for the mother, and slows the 

growth of the baby. In 2010, malaria control efforts in 

Rwanda resulted in a substantial decline in malaria 

morbidity and mortality; with only 663,785 reported cases, of 

which 96% were laboratory confirmed. Malaria-attributed 

morbidity decreased from 15.9% in 2009 to 7.8% in 2010. 

The data which is used for this study is obtained from 

Household member recode of 2010 Demographic and Health 

Survey. 

Our general objective was to identify potential risk factors 

of malaria among individuals in Rwanda using 2010 

Demographic and Health Survey (DHS). To achieve this 

objective, we used logistic regression model. 

Among the total women tested for Malaria in the survey, 

11843(99%) were Malaria negative and119(1%) were 

Malaria positive. 

The p-values and the 95% confidence interval for Odds 

Ratio indicate that there is association between age group, 

gender and province, place of residence and level of 

education with malaria status. The calculated odd ratio, 

9.427 from province implies that the probability of being 

infected by Malaria is 9.427times more likely in Eastern 

province compared to Kigali City. In general the most 

affected is Eastern Province followed by Southern Province. 

The odds ratio 2.623 from place of residence is interpreted 

as the probability of being infected by Malaria is2.623times 

more likely in rural compared to urban. 

As a conclusion, all of the independent variables are the 

potential risk factors for malaria among individuals in 

Rwanda. And we recommend that more attention should be 

given for individuals aged less than 15 years, not educated or 

in pre-school, lived in rural areas and Eastern province since 

the prevalence of malaria is more compared to other 

categories. 
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I. INTRODUCTION 
 

Malaria is a life threatening parasitic disease transmitted 

by female anopheles mosquitoes. Malaria is the most 

highly prevalent tropical disease, with high morbidity and 

mortality and high economic and social impact [1].  

Malaria was linked with poisonous vapors of swamps or 

stagnant water on the ground since time immemorial. This 

probable relationship was so firmly established that it gave 

the two most frequently used names to the disease malaria, 

later shortened to one word malaria, and paludism [2]. 

In Africa, 30 million women living in malaria-endemic 

areas become pregnant each year. For these women, 

malaria is a threat both to themselves and to their babies, 

with up to 200 000 newborn deaths each year as a result of 

malaria in pregnancy. Pregnant women are particularly 

vulnerable to malaria as pregnancy reduces a woman’s 

immunity to malaria, making her more susceptible to 

malaria infection and increasing the risk of illness, severe 

anemia and death. For the unborn child, maternal malaria 

increases the risk of spontaneous abortion, stillbirth, 

premature delivery and low birth weight [3]. 

As the parasite exists in human red blood cells, malaria 

can be transmitted on from one person to the next through 

organ transplant, shared use of needles/syringes, and blood 

transfusion. An infected mother may also transmit malaria 

on to her baby during delivery (birth) - this is called 

'congenital malaria'.  

Using anti-malarial medications, these drugs do not 

prevent the parasite from entering your bloodstream, but 

they stop it from developing in the blood. This type of 

prevention is also known as 'suppression' [4]. 

The general objective of this study is to identify 

potential risk factors of malaria among individuals in 

Rwandan using 2010 Demographic and Health Survey 

(DHS) through logistic regression model. 

Meta-analyses of intervention trials suggest that 

successful prevention of these infections reduces the risk 

of severe maternal anaemia by 38%, low birth weight by 

43% and perinatal mortality by 27% among paucigravidae. 

Low birth weight associated with malaria in pregnancy is 

estimated to result in 100 000 infant deaths in Africa each 

year [5]. 

A birth cohort study from Tanzania reported a 41% 

increased risk of malaria infection in infants born to 

mothers with placental malaria, also after adjusting for 

potential confounding environmental and ecological 

factors [6]. 

The symptom and complications of malaria during 

pregnancy differ with the intensity of malaria transmission 

and thus with the level of immunity the pregnant woman 

has acquired [7]. 

Pregnant women and the unborn children are vulnerable 

to malaria, which is a major cause of perinatal mortality, 

low birth weight and maternal anemia [8]. 

There have been remarkable improvements in malaria 

prevalence since the 2007-08 RIDHS, with malaria in 

children under 5 declining from 2.6 to 1.4 percent and 

malaria in women declining from 1.4 to 0.7 percent[9]. 

In Rwanda, the entire population at risk for malaria 

estimated 1.9 million children under five and 460,000 

pregnant women per year. 

In both areas of Rwanda, malaria transmission occurs 

year-round with two peaks (May-June, November-

December) following distinct rainy seasons. 
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However, given the significant decline in the burden of 

malaria in Rwanda accompanying high coverage of 

malaria control interventions nationwide, the NMCP 

intends to stratify based on the changing malaria 

epidemiology and updates the malaria risk map. 

Rwanda has seen a significant decline in malaria cases 

from 1.5 million reported in 2005 to a low of 663,785 

cases in 2010 based on HMIS data, representing a 

significant reduction in transmission even in the context of 

the change in malaria case definition[10]. 

The levels of transmission of malaria as measured by the 

entomological inoculation rate are likely to be highly 

variable among sites in Africa including Tanzania [11]. 

Awareness of factors contributing to the intensity of 

malaria transmission over time is extremely important for 

choosing and targeting malaria control interventions in 

rural settings. Recent information on malaria transmission 

intensity in rural Tanzania is inadequate for prevention 

due to poor recording system within the communities [12]. 

 

II. METHODOLOGY 
 

The 2010 Demographic and Health Survey in Rwanda 

covered whole country where the sample of individuals 

was drawn from each province of the country. Totally for 

this study a total 11962individuals considered. The data 

which we used for this study particularly obtained from 

household members recode after getting authorization to 

download data from the Demographic and Health Surveys 

(DHS) program ICF international. 

Method of statistical data analysis 
To fulfill the objective we applied logistic regression 

model by calculating the odds ratios as measure of 

association. Logistic regression model is the appropriate 

model to be used when we have a dichotomous outcome 

like in our case we have malaria test result (positive or 

negative) and when the independent variables include both 

numerical and nominal measures. 

One of the key difference between logistic regression 

model and simple or multiple regression model is that in 

logistic regression the probability of success which lie 

between 0 and 1 will be considered as independent 

variable. We cannot fit a form of straight line function as 

linear regression model. Here we will fit “S” curve that 

confined between 0 and 1. For the case where we have one 

independent variable the following is the logistic 

regression model. 
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Odds Ratio From Logistic Regression Model 
Here П(x) is the probability that the response variable 

takes on the characteristic of interest (success), and x is the 

level of the numeric explanatory variable. 

The interest here is whether or not β=0. If β=0, then the 

probability of success is independent of the level of x. If 

β>0, then the probability of success increases as x 

increases, conversely, if β<0, then the probability of 

success decreases as x increases. 

In logistic regression model, e
is the change in the 

odds ratio of a success at levels of the explanatory variable 

one unit apart. 

The odds of an event occurring is defined as the ratio of 

probability of success to probability of failure as follows:  
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Similarly,  
( 1)( 1) x xO x e e e                  (5) 

Then the ratio of the odds at x+1 to the odds at x (the 

odds ratio) can be written as:  
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Odds Ratio From 2×2 Table 

Factor Outcome  

Positive 

(+) 

Negative 

(-) 

Exposed A B A+B 

Unexposed C D C+D 

Total A+C B+D A+B+C+D 

Where:- 

A = number with the factor and have the outcome; B = 

number with the factor and without outcome; C = number 

not with the factor and has the outcome; D = number 

without the factor and without the outcome; A+B = total 

number of individuals with the factor; C+D = total number 

of individuals without the factor; A+C = total number of 

individuals with outcome; B+D = total number of 

individuals without outcome 
 

The odds ratio is a way of comparing whether the 

probability of a certain event is the same for exposed and 

unexposed groups. To understand the odds ratio we first 

notice what the odds are in each row of the table. That is 

the odds for exposed group = A/B and the odds for 

unexposed group is = C/D. Then odds ratio (OR) is simply 

the ratio of the two odds as follows:- 
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OR=A/B÷C/D=AD/BC 

Confidence interval for odds ratio 
The Odds Ratio cannot be negative, but can be very 

large if the divisor is very small. This means it will lie 

between zero and positive infinity, which implies that it 

has a skewed distribution. 

To develop a standard error in confidence interval 

calculation, it can be shown that the log of the odds ratio 

has a symmetric, in fact approximately normal 

distribution. 

Although this holds for both the natural log and log to 

the base 10, the following all derivations have been in 

terms of the natural log (log to the base e).The standard 

error for the log odds ratio is:     S.E (loge OR) =√ [(1/A) + 

(1/B) + (1/C) + (1/D)] Where A, B, C and D are as defined 

in the above 2x2 Tables. 

Since the logs odds ratio is approximately normally 

distributed we can calculate a confidence interval for the 

log odds ratio. One can then convert this to a confidence 

interval for the odds ratio, by undoing the logs through 

taking exponentials. 

Therefore, the 95% confidence interval for the log odds 

ratio is given by 

loge (OR)+1.96 S.E (loge OR) 

 

III. RESULTS AND INTERPRETATIONS 
 

Table I: Malaria status by individual’s background 

characteristics in Rwanda, DHS 2010 

Background 

Characteristics 

Malaria status  

Total Positive 

n (%) 

Negative 

n (%) 

Age group 

   0 – 4 

   5 – 14 

  15 – 24 

  25 – 34 

  35 – 44 

  >45 

 

52(1.3) 

20(2.3) 

26(0.9) 

12(0.5) 

9(0.7) 

0 (0) 

 

4026(98.7) 

852(97.7) 

2972(99.1) 

2178(99.5) 

1319(99.3) 

538(100) 

 

4078 

872 

2998 

2190 

1328 

538 

Gender 

  Male 

  Female 

 

39(1.6) 

80(0.8) 

 

2456(98.4) 

9429(99.2) 

 

2495 

9509 

Province 

  Kigali city 

  South 

  West 

  North 

  East 

 

4(0.3) 

31(1) 

9(0.3) 

5(0.3) 

70(2.5) 

 

1489(99.7) 

2922(99) 

2797(99.7) 

1917(99.7) 

2760(97.5) 

 

1493 

2953 

2806 

1922 

2830 

Place of 

Residence 

  Urban 

  Rural 

 

 

8(0.4) 

111(1.1) 

 

 

1890(99.6) 

9995(98.9) 

 

 

1898 

10106 

Education 

  No/Pre- 

  Primary 

  Secondary 

  Higher 

 

81(1.4) 

33(0.7) 

5(0.5) 

0(0) 

 

5793(98.6) 

4863(99.3) 

1069(99.5) 

118(100) 

 

5874 

4896 

1074 

118 

Total 119 (1) 11843(99) 11962 

 

According to Table I above, among the total individuals 

(11962) tested in 2010 Rwandan DHS study for malaria, 

119(1%) were positive and 11843(99%) were negative. 

When we see by age group: 5 - 14 years age group is more 

affected 20(2.3%) compare to other age groups.  

And the proportion of malaria is more among male 

individuals 39(1.6%) compared to female individuals 80 

(0.8%).  

Based on the distribution of individuals tested for 

malaria by province indicates, Eastern province 

individuals are more affected 70(2.5%) compare to 

Southern 31(1%), Kigali 4(0.3%), Northern 5(0.3%), and 

Western9(0.3) provinces, respectively. 

Percentage distribution of malaria by place of residence 

shows, individuals in the rural areas 111(1.1%) are more 

affected compared to individuals in the urban areas 8(0.4). 

The malaria prevalence is high under the category of 

individuals in no education/pre-school 81(1.4%)followed 

by primary 33(0.7%) and secondary 5(0.5) individual’s 

category. 

Table II: Study participant’s malaria status by their 

background characteristics with Odds Ratios obtained 

from logistic regression model in Rwanda, DHS 2010 
 

Backgroud  

Malaria status  

Odds Ratio 

(95 % Confidence 

Interval) 

Positive 

n (%) 

Negative 

n (%) 

Age grp. 

  0 – 4 

  5 – 14 

  15 – 24 

  25 - 34 

  35 – 44 

  >45 

 

52(1.3) 

20(2.3) 

26(0.9) 

12(0.5) 

9(0.7) 

0 (0) 

 

4026(98.7) 

852(97.7) 

2972(99.1) 

2178(99.5) 

1319(99.3) 

538(100) 

 

1 

1.817(1.079, 3.06) 

0.677(0.422, 1.087) 

0.427(0.227, 0.801) 

0.528(0.26, 1.075) 

0.003(0, 3069.241) 

Gender 

  Male 

  Female 

 

39(1.6) 

80(0.8) 

 

2456(98.4) 

9429(99.2) 

 

1 

0.535(0.364, 0.786) 

Province 

 Kigali city 

  South 

  West 

  North 

  East 

 

4(0.3) 

31(1) 

9(0.3) 

5(0.3) 

70(2.5) 

 

1489(99.7) 

2922(99) 

2797(99.7) 

1917(99.7) 

2760(97.5) 

 

1 

3.943(1.39, 11.183) 

1.197(0.368, 3.889) 

0.971(0.261, 3.619) 

9.427(3.437, 25.851) 

Place 

  Urban 

  Rural 

 

8(0.4) 

111(1.1) 

 

1890(99.6) 

9995(98.9) 

 

1 

2.623(1.278, 5.385) 

Education 

  No/Pre- 

  Primary 

  Secondary 

  Higher 

 

81(1.4) 

33(0.7) 

5(0.5) 

0(0) 

 

5793(98.6) 

4863(99.3) 

1069(99.5) 

118(100) 

 

1 

0.485(0.323, 0.729) 

0.335(0.135, 0.827) 

0.02(0,1067.687) 

Total 119 (1) 11843(99)  

 

The odds ratios which are shown in Table 2 above are 

used to compare whether the probability of event is the 

same for two groups. In this study it helps to test the 

following hypothesis. 

Ho: There is no association between malaria status and 

individual’s background characteristics. 

H1: There is association between malaria status and 

individual’s background characteristics. 

From the above table, some p-values for malaria results 

by age group are less than 5% level of significance and its 
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corresponding 95% confidence interval for Odds Ratio 

does not include 1, implies there is association between 

individual’s malaria status and their age group with the 

following interpretation. 

The odds of infection by malaria is 1.817 times more 

likely among individuals who are in age group 5 – 14 

years compare to under five years children, while the odds 

of infection by malaria is 57.3% less likely among 

individuals in the age group 25 – 34 years compare to 

under five years children. 

Based on result in Table II, at 1% level of significance, 

the odd of infection by malaria is46.5% less likely among 

female compare to male individuals. 

At 5% level of significance, some of  the p-values in 

measuring association between individual’s malaria status 

and their living province is less than 0.05 and its 

corresponding 95% confidence interval for odds ratio does 

not include 1, it indicates that there is association between 

individual’s malaria status and their living province. 

And interpreted as, the odds of being infected by 

malaria is 3.943 times more likely among individual lived 

in Southern province compared to those who lived in 

Kigali city, and the odds of infection by malaria is 9.427 

times more likely among individuals lived in Eastern 

province compare to those who lived in Kigali city.  

At 1% level of significance, the odd of infection by 

malaria is 2.623 times more likely among those who 

resided in rural place compared to those who resided in 

urban places. 

For individuals level of education at 5% level of 

significance, the odds of being infected by malaria is 

51.5% less likely among those individuals whose level of 

education is primary compared to those with no 

education/pre-school, and the odds of infection by malaria 

is 66.5% less likely among individuals whose level of 

education is secondary compared to those with no 

education/pre-school.  

 

IV. DISCUSSION 
 

The main objective of this study was to identify the 

potential risk factors for malaria among individuals in 

Rwanda from DHS 2010 data by applying logistic 

regression model. To fulfill this objective malaria status 

(Positive or Negative) is considered as dichotomous 

outcome or dependent variable and individuals 

background characteristics such as Age group (0 – 4, 5 – 

14, 15-24, 25-34, 35-44 and >=45), Province, Place of 

residence, Level of education are considered as 

independent variables.  

From the logistic regression model analysis output at 

least one p-values from each categories of  all independent 

variables are less than 0.05, indicates at 5% level of 

significance there is significant association between 

individual’s malaria status with their age group, province, 

place of residence and level of education. Besides, its 

corresponding odds ratio’s 95% confidence interval does 

not include 1, 

The odd ratio of 9.427 related to province indicates that 

probability of being infected by malaria is 9.427 times 

more likely among individuals lived in Eastern province 

compared to those of Kigali city. 

And the odd ratio of 2.623 related to place of residence 

indicates that probability of being infected by malaria is 

2.623 times more likely among individuals from rural 

areas compared to those from urban. 

Previous study shows malaria prevalence rate is 102 

(13.7%) of pregnant women in Eastern Sudan, 177 (57%) 

among pregnant women in Gabon and eighteen studies 

from areas with stable malaria transmission in sub-saharan 

Africa suggested that the median prevalence of severe 

anemia in all-parity pregnant women is approximately 

8.2%[13]-[14]-[15]. 

This indicates according to this study, the malaria 

prevalence among Rwandan women Aged 15-49 Rwandan 

women is small (0.7%) compared to Eastern Sudan and 

Gabon.   

 

V. CONCLUSION 
 

From the table II, the 95% confidence intervals for Odds 

Ratio in Gender, Province and Place of residence are not 

include 1, it indicates at 5% level of significance; we reject 

the null hypothesis and accept the alternative one, then 

conclude that there is association between Malaria status 

and respondents Gender, Province and Place of residence. 

Hence respondent’s Gender, Province and their Place of 

residence are factors for Malaria positive. The odd ratio of 

9.427 for province indicates that probability of being 

Malaria positive is 9.427times more likely among women 

of Eastern province compared to those of Kigali city. 

Again the table II shows that most of the 95% 

confidence intervals for Odds Ratioin age group and level 

of education of respondents include 1, indicates that at 5% 

level of significance we accept the null hypothesis and 

conclude that there is no association between Malaria 

status with age group and level of education of 

respondents. Thus age group and level of education are not 

factors for Malaria 

 

RECOMMENDATION 
 

Our recommendation is focusing on putting effort to 

reduce malaria infection among individuals living in 

Eastern province and those who are living in rural areas. 

For this, the concerned government bodies of Rwanda 

such as ministry of health should try to increase the level 

of awareness regarding sign and symptoms, transmission 

and prevention of malaria by educating them through 

different ways and able to provide treated bed nets 

especially for those who are living in Easter province and 

rural areas. 
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