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ABSTRACT 
 
Malaria eradication has become a hot topic in economic growth and development policy, 

especially in highly endemic regions like sub-Saharan Africa.  The malaria burden in 

Liberia is significant and impacts health and overall productivity of the country. 

Although similar studies have been conducted in other sub-Saharan African countries, the 

current study utilizes newly available data collected under the National Malaria Control 

Program, implemented in 2005, to evaluate the impact of insecticide-treated bed net 

disbursements on reducing the prevalence of malaria in Liberian children under the age 

of five.  ITN use was found to have a significant impact on reducing the risk of malaria 

for Liberian children under the age of five.  The effect, however, was not robust for ITN 

ownership.  Implications for policy include bolstering ITN disbursement programs in 

conjunction with nutrition and malaria social marketing initiatives.   
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I.  Introduction 

As one of the Millennium Development Goals, malaria abatement has been the 

target of various poverty-reducing campaigns throughout the developing world.  

Although the disease is both preventable and curable, malaria remains a primary public 

health concern in developing countries within the tropical zones.  The disease occurs in 

109 countries worldwide, and just 35 of those countries are responsible for the majority 

of total annual global deaths from malaria infection.  Most of these high-risk countries lie 

in sub-Saharan Africa and Southeast Asia.  While Nigeria, Democratic Republic of the 

Congo, Uganda, Ethiopia and Tanzania have the highest infection rates and account for 

50 percent of total global deaths, malaria is still a serious threat to individuals and a 

taxing burden on the economic and health systems of other highly affected countries 

(Roll Back Malaria Partnership, 2009), with 300-500 million clinical cases reported each 

year (Gosoniu et al., 2008).  A high malaria infection rate within a country is a poverty-

promoting condition, as malaria can impair childhood growth, adversely affect 

intellectual development and education opportunities, all of which can ultimately 

diminish worker productivity (Hotez et el., 2006).  The World Health Organization 

estimates that malaria can reduce the gross domestic products of countries with high 

infection rates by as much as 1.3 percent, while accounting for up to 40 percent of annual 

public health expenditures (World Health Organization, 2009).  Further, a study in Côte 

de I’voire between 1999 and 2002, found that 58 percent of days absent from work were 

attributable to malarial symptoms (Bretlinger, 2006). 

Malaria is also associated with various co-infections. It can cause severe anemia, 

which is associated with high mortality rates among pregnant women and impaired 
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physical and cognitive development in children, as well as reduced immune functioning 

and school performance.  The effects of malaria can also indirectly put children at a 

higher risk for HIV infection, as severe anemia often warrants blood transfusions.  This is 

a serious concern because of the unknown quality of the blood—blood screening is less 

common in many lesser-developed countries.  Children receiving blood transfusions had 

a 15 percent HIV infection rate, as compared to 2 percent in children who did not receive 

transfusions (Snow et al., 1999).  Hotez et al. (2006) notes that the relationship between 

cases of severe malaria and HIV-related tuberculosis has grown into one of the “first 

great human tragedies of the 21st century” (p. 578).   

Because of the nature of malaria, children are the most susceptible to fatal 

infections from the disease, but pregnant women and individuals with HIV are also 

highly vulnerable to coinfections and complications. The disease accounts for 20 percent 

of all childhood deaths in Africa, with an estimated one African child dying from 

malaria-related illnesses every 45 seconds. In areas with low to moderate susceptibility, 

all members of the population are at risk for developing severe illness due to less lifetime 

exposure to the disease. In areas of high transmission, children are most likely to contract 

serious malaria-related illnesses because they have not formed immunity to the disease, 

which is developed over an extended period of exposure (World Health Organization, 

2009). Less exposed populations in southern and East Africa, and in the Horn of Africa 

are more prone to malaria epidemics than other areas.   
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Malaria in Liberia 

Liberia falls within the endemic region of malaria, exposing its population to 

steady outbreaks of infection throughout the year and high mortality rates from the 

disease (Snow et al., 2003). The Liberian climate allows for steady malaria transmission 

throughout the year, across almost all of the country.  The malaria burden in Liberia 

remains heavy, with hospital records indicating that 42 percent of in-patient deaths are 

attributable to malaria. It is one of the top ten causes of death in all ages of the Liberian 

population, and accounts for nearly 20 percent of neonatal deaths among children under 

five (Liberia Mortality, 2006).  According to the Liberia Malaria Indicator Survey (2009), 

63 percent of Liberian children between 6 months and five years of age are anemic, down 

from 87 percent in 2005.   Still, of the same under-five population 32 percent tested 

positive for malaria.  Moreover, the mortality rate for children under five years of age 

was 148 deaths per 1,000 live births in 2008, a number that is staggering when compared 

with the OECD average of 5 deaths per 1,000 live births (OECD, 2010). Liberia also 

houses far fewer physicians, nurses, pharmacists, and other health workers than the 

African average, adding to the burden (World Health Organization, 2006).  All of these 

factors place a serious strain on the country’s health system, in a nation where the 

average life expectancy is already significantly lower than the WHO African Region’s 

average.  

In 2000, the Liberian government signed the Abuja Declaration, an agreement 

made by the African summit on WHO’s Roll Back Malaria initiative.  The 2000 summit 

in Abuja, Nigeria brought together 44 of the 50 malaria-effected African nations under 

the common purpose of halving African malaria-mortality by 2010.  Signatories of the 
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Abuja Declaration pledged to facilitate, implement, manage, and monitor Roll Back 

Malaria projects, to coordinate efforts with partner states and international organizations, 

and to improve access to both preventative measures and treatments. Although the 

declaration was signed by Liberia in 2000, the country’s government did not have the 

administrative capacity to implement the policies to roll back malaria because it was 

engaged in a crippling civil war.  Relative stability came to the country in 2003, and the 

central government has continued to keep civil strife at bay with the help of over 18,000 

United Nations peacekeepers (Central Intelligence Agency, 2009).   

Finally, in 2005 the Liberian Ministry of Health and Social Welfare adopted 

various policies under the National Malaria Control Program (NMCP) in order to combat 

the spread and fatality of the disease.  The NMCP and its partners have increased the 

implementation of key interventions in Liberia, such as the distribution of newer 

combinations of medicinal therapies and long-lasting insecticide-treated mosquito nets, 

the provision of intermittent-preventative treatments for pregnant women, and the 

advancement of malaria education programs.  The NMCP’s targets were inline with those 

of the Roll Back Malaria Initiative and those of the Millennium Development Goals, 

hoping for a 50 percent reduction of malaria-infection by 2010.    

While interventions under the NMCP have continued since 2005, data collection 

in Liberia has remained relatively weak and unreliable.  The current study utilizes the 

newly available information from the extensive Liberia Malaria Indicator Survey (2009), 

which provides information on key indicators of malaria.  The current analysis studies the 

impact of NMCP reduction strategies on reducing malaria infections in women and 
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children.  Such studies have been conducted throughout Africa, but comprehensive and 

reliable data on Liberia has only very recently been collected.  

 



  6

II. Assessing the literature 
 
Determinants of Malaria in Africa  
 
 Numerous studies have examined the connection of malaria to various 

geographic, socio-economic, and health indicators.  Because of the nature of the disease, 

specific age groups are more susceptible to malarial infection, when living in highly 

endemic areas (Holtz et al., 2005), like Liberia. Children under five years of age are 

considered a high-risk group for infection.  Young children have not yet developed a 

strong immunity to the disease, as immunity builds with more frequent exposure. This is 

consistent with Bejon et al.’s (2009) findings.  In a study of malaria immunity 

development in children under five in Kenya, the authors found that as children age they 

are significantly less likely to exhibit symptoms for specific strains of the disease.  Health 

status in children is also an important determinant of malaria morbidity and severity.  

Caulfield, Richard & Black (2004) used pooled global data and found that various 

nutrient deficiencies, including vitamin A, zinc, iron, folate, and micronutrients, as well 

as underweight status in children under four years of age were significantly associated 

with more intense malarial episodes and resulted in more deaths attributable to malaria.  

The authors recommended that interventions should incorporate nutrition programs as an 

additional preventative measure to reduce the risk of infection.   

Health status is associated with economic resources and access to health care 

facilities, so there is a logical relationship between malaria and income indicators.  

Bernard et al. (2008) used Tanzanian household data collected from village households; 

data collection included a rapid diagnostic test for malaria (RDT) for all ages of the 

sample.  The authors found that the odds of testing positive on the RDT were reduced by 
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more than half for the least poor compared to the poorest households.  Poorer households 

were also less likely to be exposed to malaria intervention strategies, like bed net 

promotion or distribution campaigns.  The authors concluded that although households in 

African villages at first appear uniformly poor, there are measurable socio-economic 

differences among them.  These differences become more pronounced when examining 

individuals’ variation in access to health interventions.  Koram, Bennett, Adiamah & 

Greenwood (1995) did not find a significant relationship between mother’s education 

level—a common socio-economic indicator for children, and malaria prevention.  

However, the authors did find that Gambian children with mothers who had some 

knowledge about malaria were at a significantly lower risk for malaria infection.   

All of Liberia can be classified as a malaria endemic region, but some geographic 

populations are more at risk than others. Holtz et al. (2002) studied the determinants of 

bed net usage and malaria infection in Malawi, and found that rural children under 5 

years of age without a bed net in their home were at a higher risk of malaria infection 

than urban children of the same group.  Rural residents’ higher risk for malaria may be 

partly explained by how their homes are constructed.  Holtz et al. (2005) found that rural 

households in Malawi were more likely to be constructed from mud; houses with mud 

walls were twice as common in rural than in urban areas.  Other authors have supported 

this malaria-mud wall relationship.  For example, Sintasath et al. (2005) showed that 

homes with mud walls placed inhabitants at a significantly higher risk for developing 

malaria parasistemia than any other wall material, even when controlling for economic 

status, nutrition levels, and geographic region.  The authors suspected that the 
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insecticides sprayed in the homes were less likely to stick to mud walls, so mosquitoes 

were more likely to inhabit these spaces.   

 The literature shows a socio-economic connection among common malaria 

indicators.  Rural populations are generally poorer; low economic status can negatively 

impact nutrition and health status, can determine what type of house one lives in, and can 

affect access to education and malaria intervention programs.  The combination of these 

factors places children, an already high-risk group, in further peril.   

 
 
 ITNs: A common intervention strategy 
 
 
 Insecticide-treated bed nets (ITNs) have been widely accepted as an effective 

intervention for malaria prevention. ITNs affect malaria transmission by killing and/or 

diverting infected mosquitoes away from individual net users and households with treated 

nets.  The World Health Organization’s Rollback Malaria Partnership and the Millennium 

Development Goals have popularized ITN intervention programs; both aimed to achieve 

80 percent ITN usage among pregnant women and children less than 5 years of age in 

Africa (Khatib et al., 2008).     

There have been a number of studies evaluating the impact of ITN interventions. 

High ITN usage among communities can also have positive benefits on nearby 

households that do not own or use ITNs.  For example, data from a randomized control 

trial in Western Kenya showed that ITNs primarily impacted area- or community-wide 

mosquito populations, rather than on individual net users.  Kenyan children in homes 

without nets were less susceptible to malaria infection when located within 300 meters of 

homes with nets. Dense community usage of ITN’s significantly reduced malaria 
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morbidity indicator levels in Kenyan compounds, leading the authors to recommend that 

high population coverage under nets is the best means for targeting the most vulnerable 

groups (Hawley et al., 2003 A).  Using the same data from Western Kenya, Hawley et al. 

(2003 B) found that sleeping under an ITN can reduce pregnant women’s risks of 

contracting malaria, developing anemia, or producing children with low birth weights.  

ITNs were also shown to prevent approximately one in four infant deaths due to malaria 

in areas of intense perennial infection (Howard et al., 2003).   Further, clinical malaria 

and moderate to severe anemia were reduced by 60 percent in children who resided in a 

household that owned an ITN.  ITNs have been shown to be most effective in reducing 

malaria infection in infants less than three months old, and to substantially reduce malaria 

morbidity in all children less than two years of age (Ter Kuile et al., 2003).   

 While ITN programs are often targeted at the poorest populations, numerous 

studies have shown how socio-economic status can be tied to bed net ownership and 

usage.  Results from Goesch et al. (2008) showed that socio-economic status was 

inversely related to bed net usage in households with children in Gabon, but economic 

status was positively related to bed net maintenance conditions.  So, higher income 

households with children were less likely to use bed nets, but were more likely to ensure 

they were in suitable condition when used, as compared to lower-income households.  

None of Goesch et al.’s (2008) results, however, were highly statistically significant. 

Bernard et al.’s (2009) results were more consistent with previous literature, finding that 

the poorest households were at the highest risk of malaria infection, but least likely to 

own ITNs.   While households are the most common unit of analysis in malaria 

intervention studies, Gu & Novak (2009) found a gap in the number of households 
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owning an ITN and the percentage of the actual population covered by ITNs.  So even 

with a rate of 100 percent bed net ownership at the household level, individual bed net 

usage within households may remain well below universal coverage.   

 In summary, malaria is still a major problem in certain regions of the world.  Like 

many African countries, Liberia falls in an especially endemic region with steady 

outbreaks of the disease throughout the year.  Although the situation there has been little 

studied, recent data make it possible to examine malaria and its relationship to important 

factors in greater detail.   
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III. Hypothesis & Description of Data 
 

Hypothesis & Rationale 
 

This study tests the hypothesis that the risk of malaria infection in Liberian 

children under the age of five will be lower for a child who lives in a household that owns 

a bed net, versus a child who lives in a household without a bed net for sleeping.  

Previous research has provided the foundation for this hypothesis.  As already described, 

various authors have found that bed net ownership at the household level is associated 

with reduced occurrence of malaria at the community level (Hawley et al., 2003 A & B), 

in infants and children under the age of two (Ter Kuile et al., 2003) and in young children 

under the age of five (Howard et al., 2003; Holtz et al., 2005).   

 

Data Description 
  

This study utilizes data collected under the Demographic and Health Survey 

program (DHS), which has provided technical assistance for demographic and health 

surveys in developing countries throughout the world since 1984.  Specifically, this study 

uses the data collected in the Liberia Malaria Indicator Survey (LMIS) that was designed 

to collect and monitor information on key indicators of malaria. The NMCP was 

responsible for the general management of the survey, with guidance from DHS.  

LMIS was carried out between mid-December 2008 and March of 2009, using a 

nationally representative sample of nearly 4,500 Liberian households.  The survey spans 

the entire country, covering greater Monrovia and each of the five geographic regions, 

with each region including fifteen districts.  Thus, the LMIS sample was spread equally 

across each of the six regions, not taken proportionally to regional populations.   A two-
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staged sample design was applied by first selecting 150 clusters of households, spread 

equally across regions.  Clusters were then stratified to create 15 rural strata and 16 urban 

strata.  Samples were chosen separately in every stratum.  In the second-stage of the 

sampling design, equal probability systematic sampling was used to randomly select 

4,485 households from the strata for the survey.   

LMIS used two questionnaires—the Household Questionnaire and the Woman’s 

Questionnaire for all women age 15-49 years within the selected household.  The primary 

purposes of the Household Questionnaire were to identify eligible children age 6-59 

months for anemia and malaria testing and women eligible for the individual 

questionnaire.   Blood samples were taken from each child within the qualifying 

household.  Rapid diagnostic tests were performed on-site to identify children with 

malaria and anemia; blood smear samples were then sent to a lab to be re-tested.  The 

Household Questionnaire also lists all usual members of each selected household, and the 

basic characteristics of each household member, including age, sex, and relationship to 

the head of the household.  Dwelling unit characteristics were recorded, such as source of 

water, building materials used, ownership of durable goods, and ownership and use of 

mosquito nets.  The Woman’s Questionnaire covered the woman’s general background 

characteristics, full reproductive history, prenatal care and preventative malaria treatment, 

prevalence and treatment of fever for children under five, and knowledge about malaria.  

Response rates for both LMIS questionnaires were relatively high.  Of the 4,485 

households selected for the survey, 4,162 were successfully interviewed—a household 

response rate of 97 percent.  Household response rates were slightly lower in urban areas 

than in the rural sample.  The three percent of households that were not interviewed were 



  13

either away for extended periods of time, or the dwellings were unoccupied or destroyed 

at the time data were collected.  The response rate for the Woman’s Questionnaire was 98 

percent, with 4,397 of the 4,512 eligible women interviewed.  The primary reason for 

failure to complete Woman’s Questionnaires was the fieldworkers’ inability to locate an 

eligible woman on repeated visits to the home (LMIS 2009).  

Because this study seeks to understand the association between malaria in 

children under five and household bed net ownership, the sample of 4,162 households 

consisting of 22,777 individuals was condensed to 4,055 children under the age of five 

with recorded malaria test results.  Infants less than six months were not eligible for 

malaria or anemia testing, so these 551 observations are not included in the analysis.  

Two children that were eligible for testing do not have recorded results for malaria or 

anemia, so they were also excluded from the sample.  The sample is split almost evenly 

between males and females, with 2,024 males and 2,033 females.  After age adjustments 

were made, the sample is no longer evenly distributed among urban and rural 

populations, with 38.5 percent of children residing in urban areas and 61.5 percent 

residing in rural regions.  This distribution, however, is more consistent with the 

percentages of urban and rural residents in the country as a whole, with 60 percent of the 

Liberian population living in urban areas in 2008 (Central Intelligence Agency, 2009).     

The average age of the sample is 32.5 months, or two and a half years.   

Information on the relationship among bed net ownership and other indicators is 

presented in Table 1.  As Table 1 shows, there are only small differences in bed net 

ownership when comparing urban and rural residents, gender of children, and income 

levels of the households.   Of urban households, 58.9 percent own bed nets for sleeping, 
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which is just slightly lower than the 60.5 percent ownership rate found in rural areas.  It is 

interesting to note that most children (59.8 percent) come from households that own  

a bed net.  This is consistent with recent trends that show growth in Liberian bed net  

ownership since 2005.  In general, household bed net ownership has increased from 18 

percent of households reporting ownership of at least one bed net in 2005, to 49 percent 

in 2009, with 20 percent of households owning more than one net (NMCP, 2009).  It  

appears that households with young children may be more likely to own bed nets.  This 

could be attributed to the nature of malaria intervention programs.  Many programs, like 

the NMCP focus on vulnerable groups.  Households with young children  

and/or pregnant women are often specifically targeted by these campaigns.  

Table 2 shows the interaction between anemia and malaria for sampled children 

between six and 59 months.  Nearly two-thirds (63.4 percent) of the sampled children 

were anemic (See Table 2).1  A larger share of those testing positive for malaria, 72.1 

percent, were also anemic.  This is consistent with the literature that found that people 

with malaria are often anemic. The percentage of anemic children that also have malaria 

was 35.5 percent.  These data appear to indicate a general malnutrition level in Liberian 

children between 6 months and five years of age, as anemia rates are more than double 

malaria rates. 

As shown in Tables 3 and 4, nearly 60 percent of Liberian households own a bed 

net, but only 42 percent of households reported use of a net.  Thus, many Liberian 

children studied here lived in a household that owned a bed net but did not use the net on 

a nightly basis.  Nearly 20 percent of children in the study tested positive for malaria and 

lived in a household that owned a bed net.  When comparing this figure with the 13 
                                                        
1 Subjects are reported as anemic if individual hemoglobin level measures less than 11 grams per deciliter. 



  15

percent of children who tested positive and lived in a household with reported regular net 

use, it seems that net use may offer a more compelling explanation for malaria outcomes 

than simply household ownership. 

 

 

Table 1*: Bed Net Ownership and Key Indicators 
Cross-tabulation of child’s household bed net ownership by demographic indicator. Frequency and row 
percent are reported. 
 

*Data adapted from NMCP Liberia (2009)                  
 
 
 
 
 
 
 

Indicator Household does not 
own a bed net 

Household owns a bed 
net 

Row Total 
(Row%) 

(% of total) 
Sex of Child: 
                Male 
 
 
 
               Female 

 
807 

(39.9) 
 
 

821 
(40.4) 

 
1,217 
(60.1) 

 
 

1,210 
(59.6) 

 
2,024 

(100.0) 
(49.9) 

 
2,031 

(100.0) 
(50.1)) 

Wealth Index: 
               Poorer 
 
 
 
               Wealthier 
 

 
884 

(39.3) 
 
 

744 
(41.2) 

 
1,364 
(60.7) 

 
 

1,063 
(58.8) 

 
2,248 

(100.0) 
(55.4) 

 
1,807 

(100.0) 
(44.6) 

Place of Residence: 
                Urban 
 
 
 
                Rural 
 

 
642 

(41.1) 
 
 

986 
(39.5) 

 
919 

(58.9) 
 
 

1,508 
(60.5) 

 
1,561 

(100.0) 
(38.5) 

 
2,494 

(100.0) 
(61.5) 

Column Total 
(% of total) 

1,629 
(40.2) 

2,428 
(59.8) 

N= 4,055 
(100.0) 
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Table 2*:  Malaria and Anemia Morbidity 
Cross-tabulation of anemia and malaria test results in sampled children 6-59 months in 
2009. 
 

     *Data 
adapted 
from 
NMCP 
Liberia 
(2009)

                 N=4,055 
 

Table 3*:  Malaria and Bed Net Ownership 
Cross-tabulation of malaria test results and bed net ownership in sampled children 6-59 
months in 2009. 

 HH Does NOT 
Own a Bed Net 

(% of total) 

HH Owns a Bed 
Net 

(% of total) 

Row Total 
(% of total) 

Negative 
Malaria 

1,144 
 (28.2) 

1,645 
(40.6) 

2,789 
(68.8) 

Positive Malaria 484 
(11.9) 

782 
(19.3) 

1,266 
(31.2) 

Column Total 1,628 
(40.1) 

2,427 
(59.9) 

4,055 
(100.) 

        *Data adapted from NMCP Liberia (2009)                   N=4,055 

Table 4*:  Malaria and Bed Net Use 
Cross-tabulation of malaria test results and bed net use on the previous night in sampled 
children 6-59 months in 2009. 
 

 

 

 
 
 

*Data adapted from NMCP Liberia (2009)                   N=4,055 
 
 

 Negative 
Anemia 

 

Positive Anemia Row Total 
(% of total) 

Negative 
Malaria 

1,130 
(40.5) 

1,659 
(59.5) 

2,789 
(68.8) 

Positive Malaria 353 
(27.9) 

913 
(72.1) 

1,266 
(31.2) 

Column Total 1,485 
(36.6) 

2,572 
(63.4) 

N= 4,055 
(100.0) 
(100.0) 

 HH Did NOT 
Use Net Previous 

Night 
(% of total) 

HH Used Net 
Previous night 

(% of total) 

Row Total 
(% of total) 

Negative Malaria 1,648 
 (40.6) 

1,141 
(28.1) 

2,789 
(68.8) 

Positive Malaria 720 
(17.8) 

546 
(13.4) 

1,266 
(31.2) 

Column Total 2,368 
(58.4) 

1,687 
(41.6) 

4,055 
(100.0) 
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IV. Methodology 

Model 

The primary purpose of this study is to analyze key indicators that increase the 

risk of malaria infection.  Consistent with previous studies in the literature that have also 

analyzed the impact of interventions on malarial infection, multivariate regression will be 

used to control for other factors (Snow et al., 1999; Holtz et al. 2002; Sintasath et al., 

2005; Bejon et al., 2009).  The dependent variable, malaria, is coded as a dummy variable 

equaling one if the child tested positive for malaria on a blood smear test, or zero if the 

test result was negative.  Logistic regression was used to predict the probability of 

malaria infection, given specified key indicator variables.  The primary independent 

variable of interest, household bed net ownership, is also coded as a dummy variable 

equaling one if the child lives in a home that owns a bed net.  The model, as shown in 

Exhibit 1, also specifies various control variables, which are further outlined in Exhibit 2.   

 

Exhibit 1:  Model Specification  

Models 1-5 
Y1 = ß0  + ß1A/B X1A/B + ß2 X2 + ß3 X3 + ß4 X4 + ß5A/B X5A/B +ß6 X6 + ß7 X7 + ß8 X8 + ß9 X9 
+ ß10 X10 + ß11 X11 + µ 
 
Where:  
Y1 = Positive malaria  
ß0 = Y-intercept 
ß1A/B , ß2 , ß3 , ß4 , ß5A/B ,ß6 , ß7 , ß8 , ß9, ß10, ß11 = Respective beta-coefficients 
X1A = Household owns a bed net 
X1B=Some or all children in the household slept under a bed net the previous night 
X2 = Age of child (in months) 
X3 = Age2 

X4 = Gender of child 
X5A = Hemoglobin level (g/dL) 
X5B= Positive anemia 
X6 = Wealth status of household 
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X7 = Child’s place of residence 
X8 = Interaction of HH wealth status and place of residence 
X9 = Wall material of household 
X10 =Roof type of household 
X11=Interaction of hemoglobin level and use of net (X5A*X1B) 
µ = Error term 
 
 
Model 6 
Y1 = ß0  + ß1 X1 + ß2 X2 + ß3 X3 + ß4 X4 + ß5A/B X5A/B +ß6 X6 + ß7A X7A+ ß7B X7B+ ß7C 
X7C+ ß7D X7D+ ß7E X7E + ß8 X8 + ß9 X9 + ß10 X10  + µ 
 
Where:  
Y1 = Positive malaria  
ß0 = Y-intercept 
ß1 , ß2 , ß3 , ß4 , ß5A/B ,ß6 , ß7A , ß7B , ß7C , ß7D , ß7E , ß8 , ß9, ß10 = Respective beta-
coefficients 
X1=Some or all children in the household slept under a bed net the previous night 
X2 = Age of child (in months) 
X3 = Age2 

X4 = Gender of child 
X5A = Hemoglobin level (g/dL) 
X5B= Positive anemia 
X6 = Wealth status of household 
X7A = North West region of residence  
X7B = South Central region of residence  
X7C = Southeast A region of residence 
X7D = Southwest B region of residence 
X7E = North Central region of residence 
X8 = Wall material of household 
X9 = Roof type of household 
X10 = Interaction of hemoglobin level and use of net (X5A*X1B) 
µ = Error term
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 Exhibit 2 lists and defines each variable included in all regression models, 

providing a rationale for inclusion and the predicted sign for each coefficient based on the 

literature. Although all of the variables included in the model are consistent with previous 

literature on bed net use and malaria infection, some are specified differently than other 

studies.  The bed net indicator used here is a dummy variable that specifies whether or 

not the child’s household owns at least one bed net.  Understanding that ITN ownership 

does not necessarily translate into net use, a second bed net indicator is specified.  The 

usage indicator is a dummy variable set equal to one if some or all of the children in the 

household reportedly slept under an ITN the night before the household survey was 

completed.  These measurements are more simplified than Holtz et al. (2002), which 

specified the number of bed nets per household, as well as the type of bed net used, and 

than Gosoniu (2008) and Gu & Novak (2009) that both specified bed net density within a 

child’s village.  Gosoniu (2008) and Gu & Novak (2009) specifically looked at the spatial 

effects of bed nets on malaria prevalence, so the number of bed nets per person within a 

specific radius was more appropriate for their studies.  The NMCP does not survey the 

type of bed nets each household is using, so the presence or use of a bed net is instead 

used here.   

As discussed, various studies have demonstrated a connection between malaria 

and different geographic, socio-economic and health indicators.  Health status and 

nutrition, measured by the child’s weight, the presence of key nutrients, or the child’s 

arm circumference, have been shown to affect the intensity of malaria infection in 

children (Caulfield, Richard & Black, 2004; Ter Kuile et al., 2003).  Data collected in the 

NMCP did not include the weight of the child, test for the presence of vital nutrients, or 



  20

measure the child’s arm circumference.  Thus, the models presented here use hemoglobin 

levels to indicate health status.  Low hemoglobin density in the blood is often associated 

with anemia and vitamin and iron deficiency.   Hemoglobin levels are interacted with bed 

net use to test whether or not the impact of use of a bed net on malaria is conditioned on 

nutrition levels.  Although not tested by previous studies, it is logical to assume that 

households with inferior diets understand their increased risk of contracting malaria, and 

are thus more likely to use a net to prevent infection.   

Additionally, Gosoniu (2008) goes beyond a comparison of malaria rates for 

urban versus rural residents, by specifying the distance of the child’s residence to the 

nearest health facility.  This variable was not measured by the NMCP, so is not included 

here.  Exclusion of household distance to health facilities may have implications for other 

independent variables in the model.  Since access to health may be correlated with 

malaria, the dependent variable, and with covariates in the model (e.g. bed net ownership 

in households and child nutrition status), omission of an access to healthcare indicator 

may potentially bias these coefficients.  However, it is highly possible that the urban/rural 

indicator captures the relationship between these covariates and distance to health 

facilities.    
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Exhibit 2*: Definition of Specified Variables 
Includes predicted direction of the relationship between dependent variable and 
indicators, and rationale for the prediction. 

 
      *All variables adapted from NMCP Liberia (2009)

Model 
Variable 

Variable Definition Expected Sign of  
ß coeff. 

Rationale 

Y Malaria Dummy variable=1 if child’s 
blood smear test returned a 
positive result for malaria  

 
N/A 

 
N/A 

X1a OwnsNet Dummy variable=1 if child 
lives in a household that owns 
at least one bed net, versus a 
household with no bed net 

 
_ 

Bejon (2009); Holtz et 
al. (2002); Ter Kuile 
et al. (2003) 

X1b UseNet Dummy variable=1 if child 
lives in HH where some or all 
children slept under a bed net 
the previous night 

 
_ 

Bernard et al. (2009) 
Holtz et al. (2002); 
Ter Kuile et al. (2003) 

X2 Age Continuous variable for 
child’s age in months, ranges 
from 0-59 months 

+ Bejon et al. (2009) 

X3 Age2 Child’s age in months, squared _ Bejon et al. (2009) 

X4 Female Dummy variable=1 if child is 
female 

_ Sintasath et al. (2005); 
Noor et al. (2008) 

X5a Hemoglobin Continuous variable 
measuring hemoglobin levels 
in grams/deciliter 

 
_ 

Caulfield, Richard & 
Black (2004); Holtz et 
al. (2002) 

X5b Anemic Dummy variable=1 if child’s 
hemoglobin levels measure 
<11 grams/ deciliter 

 
+ 

Caulfield, Richard & 
Black (2004); Holtz et 
al. (2002) 

X6 Poor Dummy variable=1 if 
household income falls below 
the median, as opposed to 
above the median HH income 

 
 

+ 

Bernard et al. (2009) 

X7 Rural Dummy variable=1 if child’s 
place of residence is rural, 
versus urban 

 
+ 

Holtz et al. (2002) 

X8 Poor*Rural Dummy variable=1 if Poor=1 
and Rural=1  

+ Holtz et al. (2002); 
Bernard et al. (2009) 

X9 MudWalls Dummy variable=1 if primary 
wall material of child’s home 
is mud, versus all other 
materials 

 
+ 

Holtz et al., (2002); 
Sintasath et al. (2005) 

X10 Thatch Dummy variable=1 if roof of 
child’s home is thatched 
bamboo or palm 

 
+ 

Holtz et al., (2002); 
Sintasath et al. (2005) 

X11 Hemoglobin*UseNet Interaction of nutrition level 
and use of net 

N/A N/A 



  22

V. Results 

The regression results and their probability equivalents are reported in Table 5 

and Table 6, respectively.2  Of the 4,055 Liberian children under the age of five studied 

here, 1,266 tested positive for malaria (31.3 percent).  As hypothesized, bed net use was 

associated with a significant reduction in the probability of testing positive for malaria.  

As reported in Table 6, children who slept under a bed net the night before their 

household was sampled had a predicted probability of testing positive for malaria of 18 

percent, versus to 36.3 percent for children who did not sleep under a bed net on the 

previous night.  These findings are more robust than those of Bernard et al. (2009), which 

found an insignificant negative association between bed net use and the risk of malaria in 

Tanzania.   

When bed net ownership was instead specified (Models 1 and 3), the variable was 

not found to have a significant impact on malaria outcomes.  This finding suggests that 

ownership did not necessarily translate into use—bed net ownership and bed net use on 

the previous night had a correlation of just 0.69.3 These findings are inconsistent with 

those of Holtz et al. (2002), who found that Malawian children under the age of five in 

households that did not own a bed net were more than two-times as likely to test positive 

for malaria than those children whose households owned a net.  Bejon et al. (2009) also 

found that net ownership had a significant negative association with malaria outcomes in 

Tanzanian children below 7 years of age.  Outcomes from the present study suggest that 

bed net use was in fact more important to preventing malaria than just ownership.   

                                                        
2 Reported regression results were calculated using robust standard errors to correct 

for heteroskedasticity.  The use of non-robust standard errors had a negligible impact 

on results from all models. 
3 See Appendix for all variable pair-wise correlations 
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Nutrition status was strongly associated with malaria infection, as hypothesized.  

Children that tested positive for anemia were predicted to have a significantly higher risk 

of malaria infection (Table 5, Model 4).  Specifically, when holding all other variables 

constant, an anemic child had an 18 percent increased chance of testing positive for 

malaria when compared to a child that was not anemic.  Models 4-6 specified 

hemoglobin levels in place of the dichotomous anemia variable.  There was a highly 

significant negative association between hemoglobin levels in the blood, an indicator of 

nutrition status, and malaria.  As shown in Table 6, a child with the minimum 

hemoglobin level of 4.3g/dL had a staggering 88.2 percent risk of testing positive for 

malaria, when holding all other variables constant.  This risk level becomes even more 

startling when compared to probabilities of 28.1 percent and less than one percent for 

children with the mean and maximum hemoglobin levels, respectively.  Additionally, 

every one standard deviation (1.42g/dL) change in a child’s hemoglobin level from the 

mean was associated with a 13.7 percent increase or decrease in his or her risk for 

malaria infection.  The relationship between nutrition and malaria prevalence is 

consistent with Caulfield et al. (2004), who found that the intensity of malaria episodes 

was strongly positively associated with nutrient deficiencies and underweight status in 

young children.   

Hemoglobin levels were interacted with net use in Models 5 and 6 to test whether 

or not the impact of the net on malaria was conditioned by the health of the child.  The 

interaction was found to be marginally statistically significant (p<0.20) in Model 5, but 

more highly significant in Model 6 (p<0.06) where child’s region was specified.  Use of a 

net on the previous night by hemoglobin level had a significant positive association with 
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malaria outcomes; meaning net use became less effective at preventing malaria as 

children’s nutrition levels increased.  For a male child from a wealthier household that 

did not have mud walls or a thatched roof, residing in Monrovia, of the average age of 

32.5 months, who slept under a bed net on the previous night, and who had the mean 

hemoglobin level of 10.4g/dL, the predicted probability of testing positive for malaria 

was 29.4 percent.  If this same child did not sleep under a bed net on the previous night, 

his risk of malaria nearly doubled to 52 percent.  

As expected, there was a significant difference among children living in poor, not 

poor, rural and urban households.  In Model 5, a child living in a poor household had a 

predicted probability of malaria infection of 33 percent, while a child from a wealthier 

household had a significantly lower risk of 23 percent.  The location of the child’s 

residence was also found to be a significant predictor of infection.  Children living in 

rural regions had higher chances of testing positive for malaria.  The predicted probability 

of a child testing positive for malaria jumped from 19 percent for an urban resident to 35 

percent for a rural resident.  Wealth and place of residence indicators were interacted in 

Models 3, 4 and 5 to test whether or not the effect of being poor on the likelihood of 

contracting malaria was conditioned by place of residence.  For the rural-poor, the 

probability of testing positive for malaria was 39 percent, versus 22 percent for urban-

poor children.   

There were significant regional differences in the risk of malaria in Model 6.  

Residents of the South Central, Southeast A, Southeast B and North Central regions were 

associated with significantly higher risks of malaria, when compared to the baseline 

group of Monrovia residents.  The findings for the South Central region were not as 
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robust as the other regions, and they had the lowest risk of 33.2 percent.  North Central 

residents’ had the highest probability of testing positive for the disease at nearly 48 

percent.  The Northwest region was the only group not at a significantly higher risk of 

infection.   

Although age was significantly positively associated with malaria infection, the 

predicted relationship was not linear.  Models 3-6 specify an age-squared variable to help 

understand the nature of the relationship between age in months and malaria. Figure 1 

demonstrates the relationship between age in months and the probability of testing 

positive for malaria in Liberian children less than five years.  The graph shows a 

curvilinear, positive relationship.  So, the probability of testing positive for malaria 

increased with age, but at a decreasing rate.  Specifically, a child of the study’s minimum 

age of 6 months had a predicted probability of testing positive for malaria of just two 

percent, as shown in Table 6.  The probability increased to 27 percent at the mean age of 

32.5 months, and jumped even higher to 87 percent at the maximum age of 59 months.  

The net marginal effect of age on the probability of malaria, when also taking age-

squared into account, was a 2.2 percent increase for each additional month in the child’s 

age.  These findings are consistent with previous studies that found that the risk of 

malaria infection in young children increases with age.  Bejon et al. (2009) found that 

Kenyan children between the ages of 27 and 44 months were 1.4 times as likely to test 

positive for asymptomatic and febrile malaria than younger children, and that children 

between 44 and 60 months were 2.4 times as likely when compared with the youngest 

age group.  
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Females were associated with a slightly lower risk for malaria, but the predicted 

relationship was not statistically significant.  Thus, it seems that male and female 

Liberian children had almost equal chances of contracting malaria in 2009.  This is 

consistent with previous studies, such as Sintasath et al. (2005), who found that while 

males were associated with a somewhat higher risk of malaria, the difference was not 

significant.   

Mud walls were shown to be significant predictors of malaria infection in Models 

1- 5, but thatched roofs had an insignificant negative association with the probability of 

malaria infection in all models.  The findings here support earlier studies, which found 

that children living in dwellings largely constructed from mud are more likely to contract 

malaria (Holtz et al., 2002; Sintasath et al., 2005).  However, the same relationship did 

not hold for Liberian dwellings with palm- or bamboo-thatched roofs.  Roofs constructed 

of natural materials, like palm leaves or bamboo, versus roofs made from metal or plastic 

sheaths are generally associated with poorer households.  The LMIS data suggests that 

the same logic applied to Liberian households, as thatched roofs were positively 

associated with poorer households.4  Yet, in the current study, thatched roofs were 

negatively associated with malaria infection.  It is highly plausible that the effect of 

thatched roofs on malaria was moderated by other indicators specified in the regression 

models, like wealth status, nutrition and place of residence measures.  Further, 

households with thatched roofs were more likely to own and use nets, so it is possible 

that knowing their homes were inferior, these households took further precautions to 

prevent malaria infection.    

                                                        
4  See Appendix for all variable pair-wise correlations 
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Table 5: Predicted odds ratios of malaria for Liberian children in 2009, 6-59 months 

*Indicates <0.10 significance                      N=4,055 
**Indicates <0.05 siginificance 
***Indicates <0.01 significance  
§ Monrovia, the capitol, is the baseline region of comparison

Variable Model 1 

Odds Ratio 
(z-values) 

Model 2 

Odds Ratio 
(z-values) 

Model 3 
Odds Ratio 
(z-values) 

Model 4 
Odds Ratio 
(z-values) 

Model 5 
Odds Ratio 
(z-values) 

Model 6 
Odds Ratio 
(z-values) 

Use Net 
 
Own Net 

-- 
 

0.88 
(-1.62) 

0.85 
(-1.96) 

-- 

-- 
 

0.87 
(-1.58) 

0.82** 
(-2.26) 

-- 

0.50 
(-1.27) 

-- 
 

0.39* 
(-1.67) 

-- 
 

Female 0.96 
(-0.46) 

0.96 
(-0.50) 

0.97 
(-0.38) 

0.97 
(-0.42) 

0.97 
(-0.45) 

0.97 
(-0.44) 

Age 1.03*** 
(16.06) 

1.04*** 
(16.08) 

1.11*** 
(8.84) 

1.11*** 
(8.87) 

1.11*** 
(8.63) 

1.12*** 
(9.01) 

Age2 -- -- 0.99*** 
(-5.49) 

0.99*** 
(-5.52) 

0.99*** 
(-5.38) 

0.99*** 
(-5.65) 

Poor 1.12 
(0.93) 

1.10 
(0.80) 

1.67*** 
(2.87) 

1.67*** 
(2.86) 

1.65*** 
(2.92) 

1.08 
(0.61) 

Rural 1.74*** 
(5.84) 

1.75*** 
(5.87) 

2.35*** 
(6.88) 

2.39*** 
(7.02) 

2.38*** 
(7.02) 

1.62*** 
(4.79) 

Poor*Rural -- -- 0.56*** 
(-3.08) 

0.55*** 
(-3.21) 

0.55*** 
(-3.21) 

-- 

Region§ 
North West 

 
South Central 

 
Southeast A 

 
Southeast B 

 
North Central 

 

 
-- 
 

-- 
 

-- 
 

-- 
 

-- 

 
-- 
 

-- 
 

-- 
 

-- 
 

-- 

 
-- 
 

-- 
 

-- 
 

-- 
 

-- 

 
-- 
 

-- 
 

-- 
 

-- 
 

-- 

 
-- 
 

-- 
 

-- 
 

-- 
 

-- 

 
1.21 

(1.02) 
1.36* 
(1.71) 

1.77*** 
(3.21) 

2.25*** 
(4.44) 

3.21*** 
(7.09) 

Mud Walls 1.32** 
(2.30) 

1.33** 
(2.35) 

1.26* 
(1.88) 

1.26* 
(1.88) 

1.26** 
(1.96) 

1.21 
(1.58) 

Thatch Roof 0.85 
(-1.61) 

0.86 
(-1.54) 

0.90 
(-1.02) 

0.91 
(-0.95) 

0.91 
(-0.97) 

1.00 
(0.02) 

Anemic 2.53*** 
(11.40) 

2.54*** 
(11.45) 

-- 
 

-- -- -- 

Hemoglobin 
(g/dL) 

-- -- 0.66*** 
(-14.48) 

0.66*** 
(-14.53) 

0.63*** 
(-12.77) 

0.61*** 
(-12.54) 

Hemoglobin*Use 
Net 

-- -- -- -- 1.08 
(1.59) 

1.10* 
(1.89) 

Model Wald 
Chi-Square 
 
Pseudo R2 

375.13*** 
 
 

0.081 

374.46*** 
 
 

0.082 

445.38*** 
 
 

0.111 

443.26*** 
 
 

0.111 

561.31*** 
 
 

0.112 

510.62*** 
 
 

0.131 
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Table 6: Predicted risk by indicator that Liberian children, 6-59 months test positive for 
malaria in 2009 (Model 6) 
 
Variable Frequency / % of total Malaria Prevalence by 

Indicator /% of total 
Risk % 

Children in HH Slept Under 
Bed Net Previous Night? 

Yes 
No  

 
 
 

1,687/41.6 
2,368/58.4 

 

 
 
 

546/13.5 
720/17.8 

 
 
 

18.0 
36.3 

Sex of Child 
Male   

Female 

 
2,024/49.9 
2,031/50.1 

 
651/16.1 
615/15.1 

 
28.0 
27.4 

Age of Child# 

Min 
Mean 
Max 

 
-- 
-- 
-- 

 
-- 
-- 
-- 

 
1.9 
26.6 
88.1 

Wealth Status of HH 
Poor or Poorest 

Not Poor 

 
2,248/55.4 
1,807/44.6 

 
796/19.6 
470/11.6 

 
26.9 
28.4 

Urban vs. Rural 
Urban 
Rural 

 
1,561/38.5 
2,294/56.6 

 
373/9.2 
893/22.0 

 
22.2 
31.5 

Region 
North West 

South Central 
Southeast A 
Southeast B 

North Central 

 
574/14.1 
573/14.1 
834/20.6 
602/14.8 

1,011/24.9 

 
147/3.6 
150/3.7 
251/6.2 
221/5.5 
424/10.5 

 
31.1 
33.2 
37.7 
43.3 
47.9 

Hemoglobin (g/dL)** 
Min 

Mean 
Max 

 
-- 
-- 
-- 

 
-- 
-- 
-- 

 
88.2 
28.1 
0.5 

Wall Material of HH 
Mud Walls 

Other Material 

 
2,573/63.4 
1,482/36.5 

 
904/22.3 
362/8.9 

 
29.1 
25.3 

Roof Type of HH 
Thatched 

Other 

 
1,698/41.9 
2,357/58.1 

 
581/14.3 
685/16.9 

 
27.7 
27.7 

# Ages range from 6 months to 59 months; mean=32.5 months     N=4,055 
##Hemoglobin levels range from 4.3g/dL to 19.5g/dL; mean=10.4g/dL 
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Figure 1: Predicted probability that child tests positive for malaria in 2009, by age (6-59 
months) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 20 40 60

Probability of malaria, by age 

Probability of 

malaria, by age (in 

months)



  30

IV.  Policy Implications 

 Not only did the findings show that bed nets were an effective preventer of 

malaria in Liberian children under the age of five, but they also demonstrated how net use 

and malaria affect children with varying demographic characteristics.  Net ownership 

alone is not enough.  Children living in households that actually utilized bed nets while 

sleeping saw significant reductions in malaria prevalence, which highlights the 

importance of malaria education programs.  Although not studied here, mother’s 

knowledge about malaria and exposure to malaria-prevention messages have been 

associated with a significant reduction in a child’s risk of malaria (Koram et al., 1995).  

The dangers of the disease, as well as the effectiveness of regular bed net use should be 

made clear.  Holtz et al. (2002) recommends combining social marketing of bed nets with 

cost subsidies or distribution programs, in order to ensure nets will be highly utilized, and 

thus, most effective.  The LMIS (2009), however, found that the most common 

prevention message heard by Liberian respondents was “Malaria kills.”  This simple does 

not go far enough.  Although it is catchy, the message fails to provide targets with 

symptoms of the disease, its specific adverse health effects, preventative measures to be 

taken against it, and possible treatments in case of infection. The importance of bed net 

use and nutrition, as well as the groups who are most at-risk for the disease are essential 

to, and must be incorporated in anti-malaria marketing campaigns.   

Risk of malaria in Liberian also varied heavily by region.  Children under five in 

the Monrovia and the South Central regions had lower predicted risks of malaria, and 

were less likely to live in households that owned or used nets.  According to the LMIS 

(2009), respondents in these regions cited the relatively high cost of nets as the primary 
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reason that their household did not own a bed net for sleeping.  However, the most 

commonly cited reason for lack of a net in all other regions was actually low availability.  

Thus, it appears that in Liberian regions with lower risks of malaria, residents actually 

had more opportunities to purchase or receive bed nets in 2009; in more rural regions, 

where the predicted risk of malaria remained high, bed nets were not readily available.  

The gap between malaria risk and net availability demonstrates a failure of the NMCP to 

ensure broad, indiscriminate access to nets.   

The fact that age had a positive, but decreasing impact on malaria prevalence in 

all models suggests that parents may tend to take less precautions in preventing malaria 

for older children.  Findings from Holtz et al. (2002) support this hypothesis, as children 

in Malawi ages five to fourteen were less likely to have slept under a bed net on the 

previous night than children 59 months and below.  While the severity of malaria 

symptoms tends to decrease with increases in age and exposure, a bout of malaria is 

enough to keep a school-aged child at home.  With economic indicators for Liberia 

already so low, the country should do everything in its power to increase school 

attendance, as it can have implications for human capital accumulation and future growth.  

Malaria prevention campaigns must emphasize that everyone is susceptible to infection, 

but some groups are at a higher risk.   

The most compelling finding of the present study was the variation in the effect of 

bed net use by nutrition levels.  Nets were found to be the most effective at reducing the 

risk of malaria for children with lower hemoglobin levels.  So, while bed nets are highly 

important to prevention, nutritional factors can determine their effectiveness.  

Hemoglobin levels were highly significant in all models—demonstrating how good 
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nutrition can heavily reduce susceptibility to malaria infection. Combined with the fact 

that more Liberian children tested positive for anemia (63 percent) than malaria (31 

percent), these findings highlight the dangers of general malnutrition problems in the 

under-five population.  Thus, a broad-reaching malaria prevention strategy that not only 

educates and informs, but also works in conjunction with food and hunger programs is 

essential to tackling the disease.    

The quality of a child’s housing appears less important for informing malaria 

prevention policy in Liberia.  Children living in homes that contained mud walls or 

thatched roofs were not found to be at a substantially higher risk of the disease.  

Researchers and program distributors sometimes use inferior housing materials, like mud 

and/or other natural materials, as a signal of need.  However, signals in Liberia may not 

prove to be so simple.  Rather, bed net distribution and education programs should 

indiscriminately cover regional or rural populations that are the most at-risk.  
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V. Conclusion 

The international community has dedicated itself to combating and eradicating the 

global malaria burden, especially in the highly endemic regions of Sub-Saharan Africa.  

Bed nets are an essential component of this policy.  This study provides support for the 

Liberian government to boost its NMCP program by making ITN ownership universal, 

enhancing anti-malaria marketing campaigns, and incorporating nutrition programs into 

its overarching malaria prevention strategy. With nearly one-half of all reported hospital 

in-patient deaths and one-fifth of neonatal deaths in children under five attributable to 

malaria, the Liberian government already has a strong incentive to enhance the NMCP. 

Coupled with education and nutrition programs, bed net interventions can promote 

cultures of prevention within a more cognizant, more informed and healthier Liberian 

population.   

 

 

 

 

 

 

 



Appendix: Pair-Wise Correlation Matrix, all independent variables included in logistic Models 1-5 

 
1Regions of residence, as specified in Model 6, have been excluded from the table        N=4,055

 Usene
t 

Ownsnet Female Age        Age2 Poor Rural1 Rural*P
oor 

Anemic Hemoglo
bin 

Mudwall Thatch Hemoglobi
n*Use Net 

Use Net 1.00             

Owns Net 0.69 1.00            

Female 0.02 -0.01 1.00           

Age -0.03 -0.01 -0.01 1.00          

Age2 -0.02 -0.01 -0.01 0.98 1.00         

Poor 0.05 0.02 -0.01 0.01 0.01 1.00        

Rural 0.00 0.02 -0.01 -0.01 -0.01 0.56 1.00       

Rural*Poor 0.02 -0.02 -0.01 0.00 0.00 0.86 0.75 1.00      

Anemic -0.03 -0.01 -0.5 -0.22 -0.22 -0.04 -0.06 -0.04 1.00     

Hemoglobi
n 

0.04 0.02 0.04 0.26 0.26 0.05 0.07 0.05 -0.76 1.00    

Mudwall 0.10 0.11 -0.02 0.01 0.01 0.74 0.53 0.65 -0.03 0.03 1.00   

Thatch 0.04 0.05 -0.02 0.01 0.01 0.68 0.43 0.62 -0.06 0.08 0.60 1.00  

Hemoglobi
n* Use Net 

0.98 0.68 0.03 0.01 0.01 0.05 0.01 0.02 -0.12 0.15 0.10 0.05 1.00 
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Diagnostics, Logistic Regression Models 1
 
Model 1: 
logistic malaria ownsnet female age poor rural mudwall anemic thatch, robust
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, Logistic Regression Models 1-6 

logistic malaria ownsnet female age poor rural mudwall anemic thatch, robustlogistic malaria ownsnet female age poor rural mudwall anemic thatch, robust 

 



 

 
Model 2: 
logistic malaria usenet female age poor rural mudwall anemic thatch, robust
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logistic malaria usenet female age poor rural mudwall anemic thatch, robustlogistic malaria usenet female age poor rural mudwall anemic thatch, robust 

 



 

 
Model 3: 
logistic malaria usenet female age poor rural mudwall hemoglob thatch , robust
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logistic malaria usenet female age poor rural mudwall hemoglob thatch , robustlogistic malaria usenet female age poor rural mudwall hemoglob thatch , robust 

 



 

 
Model 4:  
logistic malaria usenet female age poor rural ruralpoor mudwall hemoglob agesq 
thatch, robust 
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logistic malaria usenet female age poor rural ruralpoor mudwall hemoglob agesq logistic malaria usenet female age poor rural ruralpoor mudwall hemoglob agesq  

 



 

 
Model 5: 
Logistic malaria usenet female age poor rural ruralpoor mudwall hemoglob 
thatch hemonet, robust 
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Logistic malaria usenet female age poor rural ruralpoor mudwall hemoglob 

 

 

Logistic malaria usenet female age poor rural ruralpoor mudwall hemoglob agesq 



 

Model 6:  
logistic malaria usenet female age agesq poor rural hemoglob hemonet thatch 
mudwall northw scentral southea southeb ncentral, robust
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logistic malaria usenet female age agesq poor rural hemoglob hemonet thatch 
mudwall northw scentral southea southeb ncentral, robust 
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