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Abstract 

 

Malaria was responsible for 207 million illnesses per year, as of 2012. One of the main methods 
used to combat the mosquito-borne malaria is the use of mosquito nets. Many previous studies 

have examined various factors affecting malaria incidence and bed net ownership and usage, but 
few have made cross-country comparisons. In this study we used multilevel hierarchical 

regression to examine the factors which affect net ownership in Kenya, Malawi, and Tanzania by 
simultaneously accounting for effects at the individual household and regional levels. Some of 
the factors identified include wealth index and bicycle ownership (p-values less than 0.05). In 
Malawi, an effect modification between bicycle ownership and altitude was observed, so the 

models were stratified by bicycle ownership. 
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1. Introduction 

 

Malaria is one of the leading causes of morbidity and mortality, especially among 

children, in Africa (Snow et al. 1999; Hay et al. 2005). Carter et al. (2000) define malaria risk as 

the malaria case or malarial disease incidence among individuals in a given situation. As of 

2014, about 3.5 billion people (or half the world's population) were at risk for malaria, with a 

morbidity burden of 207 million, and a mortality burden of 627,000 (WHO 2014). There are 

several varieties of malaria, including Plasmodium falciparum (P. falciparum); Plasmodium 

malariae; Plasmodium ovale; Plasmodium vivax; and Plasmodium knowlesi. Of these, P. 

falciparum is the most deadly: in 2007, there were 450 million cases of this variant, with 271 

million cases in Africa (though this figure also includes some of the Arabian Peninsula) (Hay et 

al. 2010).  

The malaria transmission cycle is between humans and anopheline mosquitoes. The 

intensity is related to the frequency with which people are exposed to the bite of an anopheline 

mosquito infected with malaria sporozoites (Carter et al. 2000). Although there are some cases in 

which malaria is transmitted through blood transfusions or from mother to fetus, relative to 

mosquito-transmitted malaria, the frequency of such scenarios is negligible. That is, the 

overwhelming majority of malaria cases are the result of mosquito transmission. 

Control strategies to reduce vector-human contact including house screening, indoor 

residual spraying, and mosquito nets have been used as far back as the end of the 19th century. 

(Carter er al. 2000; Corbel et al., 2010; Githinji et al, 2010; Ranson et al., 2011). In the present, 

mosquito nets are one of the widely used methods to attempt to reduce mosquito contact (Corbel 

et al. 2010; Githinji et al. 2010; Ranson et al. 2011). 

This research will focus on investigating the factors which affect bed net ownership. Due 

to the disparity in the rate of bed net ownership between Kenya and Malawi (which have 
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relatively modest overall net ownership rates) and Tanzania (which has a net ownership rate over 

90% nationwide), we are particularly interested in examining any differences in the factors 

affecting net ownership in the three countries. We suspect that there may be regional differences 

to net ownership (possibly caused by topography, ethnicity, regional development level, etc.), so 

we will use a hierarchical model, looking at the effects at both the regional and individual levels. 

Thomson et al. (1996) noted that bed net usage and malaria prevalence were significantly 

negatively correlated. The use of ITNs (insecticide-treated mosquito nets) was found to be 

particularly effective in reducing infection with the parasites which transmit malaria (Choi et al. 

1995). Studies including D’Alessandro et al. (1995a, 1995b), Nevill et al. (1996), Habluetzel et 

al. (1997), Phillips-Howard et al. (2003) and ter Kuile et al. (2003a) have found that ITN usage 

has significantly reduced malaria morbidity and mortality in vulnerable populations (children 

under 5 and pregnant women). For example, ter Kuile et al. (2003a) reported a 38% reduction in 

the incidence of malaria parasitemia in pregnant women in western Kenya due to the use of 

ITNs. During the 1990s, the use of ITNs was one of the main strategies recommended by the 

World Health Organization (WHO) through its Roll Back Malaria partnership (Thomson et al. 

1999). However, now, long-lasting insecticidal nets (LLINs) are the gold standard for bed nets, 

as these nets provide protection for 3-5 years without having to be retreated. These represent the 

majority of nets owned by the participants of the Measure DHS surveys. In Somalia, the use of 

nets reduced the percentage of P. falciparum positives from 17.0% to 6.9%, and from 20.9% to 

10.0% for children under 5 (Noor et al. 2008). Lim et al. (2011) found that ownership of at least 

one ITN was significantly associated with a reduction in the prevalence of parasitemia in 

“medium-risk areas”, and also a reduction in childhood mortality in areas of high- and medium-

risk of transmission.  

 Comparing with the ITNs, use of untreated nets can be as effective. Thomson et al. 

(1996) note that differences in malaria endemicity in The Gambia are actually attributable to the 
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use/non-use of bed nets. In another study, d’Alessandro et al. (1995b) underscored the 

importance of bed nets in reducing the exposure of children to malaria so much so that just 

providing bed nets to those children who don’t have them may be as effective as treating the 

existing nets. D’Alessandro et al. (1995a) also found that untreated nets were significantly 

effective in reducing malaria parasitemia; Kleinschmidt et al. (2000) found that even after 

adjusting for spatial correlation, the use of untreated nets resulted in a significant decrease in the 

presence of malaria parasites. Winch et al. (1997) found that the introduction of nets decreased 

mosquito densities and incidence of fevers (Lengeler 2009). 

Binka et al. (1998) also noted that if nets are only sparsely distributed throughout a 

population, estimating the effectiveness of malaria control programs may be difficult. Binka et 

al. (1996) found that programs were most efficient with high net usage, so people should be 

encouraged to own (and use) bed nets. Ostfeld et al. (2005) suggested that widespread use of 

mosquito bed nets can reduce incidences when exposure is high. However, the levels of net 

usage vary significantly across all countries in Africa. Recent studies (Lim et al., 2011; Githinji 

et al, 2010; and Larson et al. 2012) have found substantial variation in net ownership in the 

countries of sub-Saharan Africa. 

Carter et al. (2000) highlighted that aiming control strategies at areas of highest risk can 

increase a program’s effectiveness. In 2007, the Gates Foundation suggested that the aim of anti-

malarial efforts should be eradication (Gates Foundation 2007), and so countries (now) aim for 

ubiquitous bed net coverage. 

In light of the Gates Foundation goal, for the purposes of this study, we will consider any 

one not owning and/or using a bed net, and so we will consider “highest risk” to be not 

owning/using a bed net, and so we want to find the factors that can be used to understand why 

people do not own and/or use bed nets for the three countries, Kenya, Malawi and Tanzania, that 

have different rates of net usage. As highlighted in Macintyre et al. (2006), identification of such 
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factors can be very critical, because it will provide insights for programs to effectively enhance 

regional mosquito net coverage as well as increase the correct implementation of nets. 

 There are differences in net distribution policies among the three countries, with Kenya 

having distributed free nets after the data collection period, and Malawi and Tanzania having 

distributed free nets before or during the study period (Against Malaria 2010; World Bank 2011; 

USAID 2014). In Malawi, PSI/Malawi distributed long-lasting insecticide-impregnated mosquito 

nets free to pregnant women and children under 5. 

 Each of the three countries studied—Kenya, Malawi, and Tanzania—are located south of 

the equator in sub-Saharan Africa (Figure 1). Climatologically, the three countries are similar. 

Each has a dry season from May to October. However, from October to April the climates vary: 

Malawi and Tanzania are rainy during this period, while Kenya has a second dry period from 

January to March. Malawi and Tanzania each have microclimates: Malawi’s is based on 

proximity to Lake Malawi, while Tanzania has coastal and mountainous microclimates. Each of 

the three countries has mountainous areas near the Great Rift Valley. Kenya and Tanzania have 

more highland regions (defined to be areas over 1600 m in altitude), and relatively fewer lowland 

regions, than does Malawi. Each country’s economy is a mix of agricultural (comprising 23% of 

2008 GDP in Kenya, and 30% of GDP in Malawi) and industrial/services (services accounting 

for 42 percent of Tanzania’s GDP) (DHS 2009; DHS 2012; DHS 2013). Based on having more 

mountainous regions, one would expect that Kenya and Tanzania would have lower mosquito net 

ownership than Malawi (due to lower altitudes having temperature more conducive to mosquito 

breeding), yet this is not the case. 



11 

 

Figure 1: Map of Kenya, Tanzania, and Malawi. 
 

2. Background 

2.1 Communal benefit 

Past research has suggested that there be a communal benefit to individuals using mosquito nets. 

Such a benefit is known as a “community effect”. Trials on ITNs, such as those by Hawley et al. 

(2003), Gimnig et al. (2003a, b), Lines et al. (1987); Maxwell et al. (1999); Smith et al. (2001); 

Hii et al. (2001), Howard et al., (2000), and Binka et al. (1998), have found that a community 

effect on mosquito abundance improves the health of children living near villages assigned to the 

intervention in Africa and Papua New Guinea. Howard et al. (2000), for example, found that in 

coastal Kenyan villages where most families had nets, the rates of severe clinical malaria were 

lower among children in houses which did not have nets. It has been reported that there are 

reduced rates of parasitemia, high-density parasitemia, anemia and mortality in children living 

within 300 meters of an intervention village, but who do not use nets. 

 Some research, such as that by Gimnig et al. (2003a) suggests that even just being nearby 

an intervention village may convey the same benefit as actually being within the intervention 
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village. Gimnig et al. (2003a, b) also found that An. funestus (one of the major types of 

mosquitoes which carry the malaria vector) was reduced in homes assigned to the intervention, 

even if nets were not used. Hawley et al. (2003) have suggested that the community effect may 

increase with net coverage, and that coverage needs to be at least 25% for a community effect to 

be observed. Similarly, Howard et al. (2000) found that in coastal Kenya, the risk of malaria for a 

child not sleeping under a bed net decreases as the use of bed nets in the area surrounding the 

child increases. The reason for the community effect is three-fold: mass coverage by long-lasting 

insecticidal nets (LLINs) reduces the number of mosquitoes in the community; it shortens the 

lifespan of mosquitoes, thereby decreasing the proportion of mosquitoes which become infective; 

and mass coverage can also divert bites from humans to animals (Teklehaimanot et al. 2007; Gu 

and Novak 2009). Killeen and Smith (2007) noted that if the use of properly treated nets (or 

LLINs) exceeds 50%, this would be expected to achieve community-wide protection of non-

users. Further, Killeen et al. (2007) found that when coverage exceeds 75%, protection for users 

and non-users alike will exceed 90%. Larson et al. (2012) found that the use of nets by neighbors 

was strongly associated with possession. 

 Along with the effect of the number of nets in a certain area, studies have found that the 

death rate among unprotected individuals significantly increases with distance from the nearest 

compound with bed nets (Binka et al. 1998), and that the protective effect occurs within short 

ranges (Lines et al. 1987). In addition, Hawley et al. (2003) found that the importance of 

community effects may depend upon how close together households are, and what type of 

insecticide is being used. Binka et al. (1998) further suggested that there is a community effect 

even in the absence of the maximum impact of high net coverage, and that those who do own 

nets offer protection to those living nearby who do not own nets, or, if they do, do not use them. 

In accordance with the finding that the protective effect occurs within short ranges, Binka et al. 

(1998) suggested programs would not be effective if there is some degree of segregation between 
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those who use nets and those who do not. To this end, Howard et al. (2000) noted that for those 

who had insecticide-treated nets (ITNs) there was no additional benefit of a high proportion of 

use in the surrounding area, because within a given zone, there was not a statistically significant 

difference in the malaria rate between users and non-users. Binka et al. (1998) also indicated that 

there may be a long-term community effect, as the mortality after the intervention in areas far 

away from insecticide-impregnated bed nets (IIBNs) was higher than before the intervention. 

In addition to the community effect, MacIntyre et al. (2006) and Alaii et al. (2003) 

suggested that just having an ITN in the household may provide some protection from 

mosquitoes (though the degree to which this is true will depend on whether the net has been 

removed from the packaging and if it is hung) Further, Sokhna et al. (2000) and Thomson et al. 

(1999) found that the delay of reappearance was longer in those using a bed net, and even non-

treated bed nets and those in poor conditions significantly reduced exposure to infective 

mosquito bites. Thomson et al. (1999) also observed that prevalence would increase from 36% to 

45% if those children who had bed nets had the nets removed. Choi et al. (1995), Alonso et al. 

(1991), d’Alessandro et al. (1995b), and Nevill et al. (1996) have observed that insecticide-

impregnated bed nets helped reduce malaria-related morbidity, and that reduction in all-cause 

mortality in endemic areas ranged from 17% to 63%. Lengeler (2009) cites studies which 

suggest that the effect of treated nets/LLINs is higher when no nets are the control group, rather 

than untreated nets being used as the control group. Webster et al. (2007) found that ITNs reduce 

childhood deaths by one-fifth. 

2.2 Factors affecting bed net usage 

 It is desirable to make sure that as many people use bed nets as possible. If there is a 

community effect, then more people using the nets will enhance this effect, and if there is not a 

community effect, people need to use the nets to protect themselves. Of the importance of 

determining the factors which affect bed net usage, Thomson et al. (1999) wrote: "appropriate 
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methodologies must be developed for integrating environmental and community-based 

epidemiologic data into models that can be used by decision-makers for improved resource 

allocation". In the same vein, Thomson et al. (1996) noted: “Understanding the key factors 

involved is an important prerequisite to effective evaluation of malaria intervention programs, as 

the success or failure of a program may depend heavily on localized differences in one or two 

important variables.” 

Macintyre et al. (2006) found some evidence suggesting that most people had nets, but 

not all were using them. Thus, it is important to find the factors which promote net ownership 

and usage. They also urged that studies are needed to better understand the relationship between 

ITN coverage rates and factors influencing the use of ITNs. They further advocated that the gap 

between net ownership and usage needs to be sufficiently small to break transmission. 

There are two main categories of variables which could potentially affect mosquito net 

ownership: environmental (e.g., altitude), and personal variables (e.g., education, wealth, and 

possession of various assets). Such variables can be summarized into four determining 

conditions: first, natural environment is suitable for mosquito breeding and survival, second, 

people need to know that bed nets are important (this information is conveyed through education 

and media); third, people need to have the funds to get bed nets; and fourth, they need to have 

access to nets through physical proximity to distribution sites.  

Craig et al. (1999), Snow et al. (1998) and Beck et al. (1994) noted that in order to 

accurately predict malaria risks, it is necessary to have knowledge of environmental factors 

related to transmission. Ostfeld et al. (2005) also highlighted that factors which affect the spatial 

position of pathogens, hosts and vectors are at the crux of disease dynamics, and thus, one could 

surmise, to bed net usage as well, in the case of malaria. Various studies (Aikins et al. 1992, 

1994; Winch et al. 1994; Gyapong et al. 1996) have found that mosquito nuisance and perceived 

malaria risk are important determinants of mosquito net ownership and use. Thus one would 
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suspect that factors affecting mosquito nuisance and malaria risk will be positively correlated 

with net ownership.  In this research, we will test the assumption that environmental factors such 

as altitude which are related to malaria transmission levels will also affect bed net ownership. 

However, there have been few studies including both household and environmental factors 

(Brooker et al. 2004). 

Perhaps the most important variable related to net ownership is access to health care (and 

health-seeking behaviors). Carter et al. (2000) noted the ability of good health services in helping 

reduce the burden of current malarial disease and highlighted the critical role of such services in 

malaria control programs. Similarly, Winch et al. (1997) suggested that having access to quick 

and effective treatment is the cornerstone of effective malaria control. Winch et al. (1997) 

demonstrated the importance of access to care, as establishing substations for treatment closer to 

where people lived was important in an area where walking was the most common form of 

transportation. Changes in the quality and coverage of health services may have also contributed 

to epidemics (Abeku et al., 2003). 

Binka et al. (1998) found that in both households with and without nets, mortality risk 

increased with distance from health facilities; in particular, they reported that child mortality is 

high in remote areas far from health facilities. They also found that health facilities tended to be 

located in the main population centers, so those who lived in isolated communities had to travel 

long distances to seek health care. Additionally, health centers often served as distribution points 

for the bed nets. Thomson et al. (1999) observed that living in a National Primary Health Care 

(PHC) village was negatively associated with the presence of parasites. Noor et al. (2007) 

suggested that what seems to be an effect of wealth, which will be covered later, is in fact an 

effect of being far from health services. In Ghana, for example, health service use rates were low 

due to dispersed settlements and a basic road network, that is, one with fewer connections (Binka 

et al. 2006). In Hawley et al. (2003), one of the distance variables mapped and used as a 
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covariate in some analyses was the distance to the nearest clinic and it is believed that making it 

easy to retreat nets contributes to maintaining and/or increasing coverage rates (Winch et al. 

1997). When a community has good health services available, those that are at the highest risk 

will seek and receive frequent care, including mosquito nets (Carter et al, 2000), which then 

reduces the reservoir of infection. Larson et al. (2012) found a distinct decreasing relationship 

between net ownership and the distance to the nearest health facility. Additionally, Stanton et al. 

(2013) found a statistically significant inverse relationship in the Democratic Republic of the 

Congo between any bed net coverage and distance to the nearest major city, as well as between 

any bed net coverage and the capital city of Kinshasa. 

Related to access to care is whether someone lives in a rural or urban area. Several 

studies have outlined the potential impact of urban/rural setting. In Burkina Faso, Okrah et al. 

(2002) found that 55% of urban households used mosquito nets, whereas only 34% of rural 

households did. When examining malaria prevalence, Omumbo et al. (2005) found that including 

urbanization as a predictor improved the consistency of predictive maps. Other studies which 

have associated urbanization with the reduction in the EIRs for P. falciparum as well as infection 

prevalence include Hay et al. (2000; 2005), Robert et al. (2003), and Omumbo & Snow (2004). 

In particular, Kazembe et al. (2006) suggested that urbanization can affect malaria transmission. 

This is due to the fact that Anopheline mosquitoes prefer natural pools of water rather than those 

which form in containers. Ghebreyesus et al. (1999) and Thomas & Lindsay (2000) found that in 

rural areas, cases occur farther away from breeding sites than in urban areas. 

In addition to physical access to care, having health insurance is another factor which 

may affect the ability to seek health care. Thomson et al. (1999) found that possessing a health 

card was negatively correlated with the presence of parasites, but this trend was not statistically 

significant when accounting for spatial correlation. Further evidence for the importance of 
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health-seeking behaviors is given by Brooker et al. (2004), who found that keeping medicines 

was more common among controls than among cases. 

After access to care and urbanization, wealth is another important variable. A number of 

studies have found that wealth is an important predictor of ITN possession and use, or that 

having to pay for nets and insecticide represents an obstacle to use (Winch et al. 1997; 

Schellenberg et al. 2001; Heggenhougen et al. 2003; Gimnig et al. 2003; Holtz et al. 2002; Okrah 

et al. 2002; Cham et al. 1997; Snow et al. 1999). Wealth is often measured by certain 

socioeconomic factors (Phillips-Howard et al. 2003) or a wealth index constructed based on a 

variety of covariates, such as house construction and ownership of goods and livestock (Meltzer 

et al., 2003). In another study by Brooker et al. (2004), using the wealth index built in Filmer and 

Pritchett (2001), socioeconomic status (SES) was found to be lower among cases than among 

controls, and personal protection was more common in wealthier families. This may be less true 

now since many nets are distributed for free, as a consequence of the renewed efforts to eradicate 

rather than simply control malaria. It has also been found that SES is strongly related to the rate 

of hospital admission, and poorer families are less likely to have medicine. One study which 

seems to contradict the others is that of Alaii et al. (2003) where they found that relative wealth 

was not associated with the probability of ITN use. 

Numerous studies have found that high prices represent a barrier to mosquito net 

coverage in the poorer, rural communities of sub-Saharan Africa (Okrah et al. 2002). Costs as 

low as $5 US for IIBNs is considered to be too high for the rural poor, and in studies which have 

shown IIBNs to be effective against malaria mortality, bed nets were provided free (Binka et al. 

1998). They also provided evidence of differing levels of poverty in different countries, as the 

population in Bagamoyo, Tanzania was willing to purchase a net for $4-5 US, while Binka et al. 

(1998) found that this $5 US was too expensive. It has also been suggested that mass ITN 

coverage is not possible unless provided free to vulnerable populations, namely, pregnant women 
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and children under 5 (D’Alessandro and Coosemans 2003; Guyatt and Ochola 2003; Curtis et al. 

2003; Spencer et al. 2004). Relative cost may even outweigh other factors, as Winch et al. (1997) 

and Sexton (1994) have found that concern over acceptance of nets has led to heavy subsidies or 

distributing them completely free of charge, to ease resistance to their use. Corbel et al. (2007) 

noted that free or highly-subsidized nets raised coverage to over 60%. Larson et al. (2012) found 

an increasing trend in possession based on SES quintile.  

Another variable related to wealth which potentially is associated with bed net usage is 

education. Several studies have found that socioeconomic factors such as education are 

important predictors of ITN possession and use (Winch et al. 1997; Schellenberg et al. 2001, and 

Heggenhougen et al. 2003). Additionally, Alaii et al. (2003) use education of the head of 

household, based on completion of secondary school, as a potential protective factor. Countering 

these studies in which education was found to be a protective factor, Aikins et al. (1992) did not 

find any link between bed net ownership and education. 

Another relevant factor has been the use of media. Okrah et al. (2002) found that the 

majority of respondents who had already heard about the benefits of treating mosquito nets with 

insecticide did so through the media. 

Yet another variable potentially associated with bed net usage/ownership is age. Studies 

which have found age to be an important determinant of net ownership and use include Aikins et 

al. (1992), Aikins et al. (1994), Winch et al. (1994) and Gyapong et al. (1996). Alaii et al. (2003) 

tested the hypothesis that age was associated with the probability that an ITN would be properly 

deployed. In the past, the youngest children and women were targeted for distribution, but now 

the aim is to have one net for every two people. Although Sokhna et al. (2000) found that the risk 

of parasite reappearance decreased with age, and one would expect that, with the exception of 

babies (who have high coverage), age should be inversely correlated with net usage (since 

younger people are at higher risk), Alaii et al. (2003) found that ITN use was 15% lower in 



19 

children than adults, that preference for bed net use is given to adults and visitors, and that young 

children (less than 3 years old) may be displaced to live with siblings if there is a newborn. 

Thomson et al. (1999) found conflicting results, as they found that age (in days) was positively 

correlated with the presence of parasites. Githinji et al. (2010) noted that after adult males, 

children under 5 had the highest percentage of people in that group who used nets.  

In turn, ethnic group/region may be associated with urban/rural, partly as a result of 

groups’ education levels and where they live. Thomson et al. (1996) found that ethnic group was 

significantly associated with bed net usage. Other papers suggested that ethnicity may be an 

important determinant of mosquito net ownership and use (Aikins et al. 1992; Aikins et al. 1994; 

Winch et al. 1994; and Gyapong et al. 1996). For example, those groups which have pastoralist 

and semi-nomadic lifestyles may be less likely to possess and use an ITN, as compared with 

settled agricultural communities (MacIntyre et al. 2006; Bradley et al. 1986; MacCormack & 

Snow 1986; Aikins et al. 1992; Thomson et al. 1996). MacIntyre et al. (2006) found that zoba 

(region) was significantly associated with ITN use both for children under 5, as well as for all 

household occupants. However, they also suggested that zoba may encapsulate the effect of other 

variables, such as ecology, ethnicity, religion, access to information and services, and location-

associated transmission patterns (such as distance to water). They also investigated household 

religion and ethnicity as potential individual variables. Winch et al. (1997) found that retreatment 

of nets was lower in areas where most of the population were local groups with very few new 

settlers; and that retreatment was also lower in areas where the traditional organization and 

leadership were weak. Conversely, MacCormack et al. (1989) observed little difference in bed 

net usage between ethnic groups.   

As discussed previously, in addition to cultural and socioeconomic factors, environmental 

factors such as elevation may also influence bed net ownership and use. It has been therefore 

suggested areas with low elevation should be for targeted for mosquito vector control (Clarke et 
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al. 1996). Studies have found elevation to be significantly associated with malaria transmission 

intensity (Omumbo et al. 2005) and the malaria risk is found to be higher at lower altitudes 

(Kazembe et al. 2006). So one would expect to see more bed nets at lower altitudes. Altitude 

affects temperature, which affects the development and survival of the vector, and affects 

development of Plasmodium within the vector (Guerra et al. 2008). Minakawa (2002) found that 

there were fewer mosquitoes as altitude increased, with the maximum mosquito altitude being 

1980 m. Brooker et al. (2004) noticed that there tended to be fewer cases up on an escarpment 

than near a river. They also found that being at an altitude over 1,850 m was significantly 

protective of malaria risk, and areas at low altitudes were strongly associated with the risk of 

malaria. Abeku et al. (2003) and Craig et al. (1999) reported that the highland areas of Ethiopia 

(above 2000 m) are frequently referred to as “non-malarious” due to their being ill-suited for 

malaria transmission in most years. These studies also indicated that even highland areas can be 

subject to epidemics when the circumstances of temperature and immunity are right. Epidemics 

in non-malarious areas usually happen between the altitudes of 1600 and 2000 m (Schaller and 

Kuls 1972). 

Lastly, in addition to the effects of individual variables, one would also expect that there 

may be interactions between some variables. Binka et al. (1998) suggested that distance from a 

health facility and SES should be considered jointly, because living near health facilities makes it 

easier to receive care, but also because SES may be higher closer to health facilities. 

Additionally, risk factors for malaria tend to be concentrated in the lowest social and economic 

categories of society, partly because land prices are high in areas where risk is low. Both SES and 

environmental factors play a role in determining risk.  

Factors affecting malaria risk can be affected by differences in SES (Koram et al. 1995). 

Winch et al. (1997) suggested that there may be an interaction between the gender of the head of 

household, and wealth. Additionally, Winch et al. (1997) showed evidence of a healthy 
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behavior/wealth interaction among young men. They found that young men who work primarily 

as day-laborers often drink alcohol. This has a two-fold impact on net ownership and usage: they 

do not feel mosquito bites because of the effect of the alcohol, and they do not have money to 

spend on nets because they have spent the little money they had on alcohol. 

As suggested by the literature, a range of factors can affect the mosquito net ownership 

and usage. In our study, we will consider a set of variables concerning the physical environment, 

SES, and individual healthy-behaviors for examining the differences in mosquito bed net 

adoption. In particular, these variables will include wealth index; distance to a water source; 

bicycle ownership; television ownership; urban/rural status; presence or absence of children 

under 5; the maximum education level; a healthy behaviors index; altitude; the number of health 

centers, and per capita spending (in thousands). A detailed discussion of these variables will be 

provided in Section 3. 

2.3 Analysis approaches 

With binary variables such as the presence or absence of malaria parasites and ownership 

or usage of bed nets, logistic regression is one of the most appropriate methods to use. Indeed, 

past studies have mainly used this method (Thomson et al. 1996; Brooker et al. 2004; and 

Hawley et al. 2003). For example, Thomson et al. (1999) used logistic regression to estimate the 

probability of presence of malaria parasites in each child. They also adjusted for bed net usage 

(treated, untreated, or absent), PHC, and a factor variable for five different ecologic areas. 

Thomson et al. (1996) assessed the variables of interest using multiple logistic regression for bed 

net usage, adjusting for confounders including spatial data. To test significance, they compared 

the randomization distribution produced by randomly permuting the villages with the observed 

data. Using logistic regression, Macintyre et al. (2006) examined five different outcomes related 

to whether participants slept under an ITN the previous night. Kleinschmidt et al. (2000) also 

examined the relationship between malaria parasite prevalence and potential explanatory 
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variables. They did so first using each potential explanatory variable separately, and included all 

the variables to adjust each variable for each of the others. They accounted for nonlinearity by 

adding polynomial terms, as well as by converting continuous variables into categorical ones.  

Another type of method that has been used is generalized estimating equations. Hawley et 

al. (2003) employed this technique with an identity link function and a normal distribution to 

model continuous variables, such as hemoglobin level. A similar technique was used by 

Thomson et al. (1996), but they did not account for spatial autocorrelation in their regression 

analysis of malaria prevalence. By contrast, Thomson et al. (1999) adjusted the normal standard 

errors of the logistic regression estimates for the effects of spatial correlation. Kleinschmidt et al. 

also (2000) used generalized linear regression modeling to determine risk on a large scale by 

identifying climatic and environmental determinants. 

Additionally, Thomson et al. (1999) found that adjusting for spatial correlation using the 

method of Liang and Zeger can affect the association between risk factors and outcomes. Other 

methods that have been used to account for spatial variation include the spatial component 

(Kazembe et al. 2006), the Huber-White-Sandwich estimator (Macintyre et al. 2006), and semi-

variogram (Kleinschmidt et al. 2000).  For example, Kleinschmidt et al. (2000) used kriging to 

improve predictions (i.e., the probability of net usage in areas where no people are surveyed) by 

incorporating the degree of spatial correlation in the model residuals. Such methods are beyond 

the scope of this analysis, and will not be discussed further. 

When a statistical model is implemented for examining bed net adoption, certain special 

socio-economic variables have been introduced.  Principal component analysis (PCA) has been 

used to construct the wealth index using a combination of socio-economic factors (Noor et al. 

2007). Filmer and Pritchett (2001) used PCA to determine weights for an index of asset variables 

(wealth/weights). However, as variables for ownership of these items are not included in the 

DHS data, we will not consider these factors. Brooker et al. (2004) also relied on the PCA to 
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derive the index of various asset variables based on data including roofing materials, 

socioeconomic characteristics, and agricultural and household assets. The scores obtained from 

the PCA were then divided into quintiles, so that the households could be ranked relative to one 

another in terms of SES (Armstrong-Schellenberg et al. 2003). 

 

3. Methods 

3.1 Data 

The data for each of the three countries were obtained from the Demographic and Health 

Services (DHS) surveys. The Kenya data were collected in 2008-2009, the Malawi data in 2012, 

and the Tanzania data in 2011-2012. In the DHS surveys, net ownership is estimated to be 71.5% 

(4,033/5643) in Kenya, 69.0% (1,247/1,807) in Malawi, but 95.4% (6,097/6,392) in Tanzania. 

In Kenya, among the 1,800 clusters nationwide (based on enumeration areas), 400 were 

selected, and households were systematically sampled in each cluster. There were a total of 5,643 

Kenya households included in the sample. The Malawi data was obtained by first selecting 140 

clusters from the 12,474 enumeration areas country-wide, and then selecting 25 households from 

each cluster. There were a total of n = 1,807 households included in the Malawi sample. For the 

Tanzania survey, among 54,000 clusters nationwide, 583 clusters were selected, and then 

households were systematically sampled in each cluster. There were a total of 6,392 households 

included in the Tanzania sample. 

Variables common to each of the three countries included some background information 

(education, residential history, media exposure, age, literacy, religion, dialect, etc.); 

reproductive/birth history; and childhood mortality/illness. Variables representing knowledge of 

malaria were collected for Malawi and Tanzania, but not Kenya. We also tested an association 

between bicycle ownership and altitude. 
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Before performing the models, a series of data manipulations were performed. Most of 

the variables were obtained from the birth recode of the Measure DHS data for each of the three 

countries. The altitude variable came from the geographic data set, which was then merged to the 

birth recode. The variables for the numbers of health centers, the population of each region, the 

spending for each region, and the exchange rate for each country were found from various online 

resources. 

Many of the variables had miscellaneous responses (e.g., “don’t know”, “not sure”, “not 

de jure resident”) which had to be changed to missing. Otherwise, variables which were not in 

any way manipulated included the variable for the number of bed nets, the wealth index, bicycle 

and television ownership; and urban/rural. The other variables underwent some degree of 

manipulation. The child under 5 variable was obtained from the variables in the data set for each 

child of a given respondent. The “child under 5” variable was set equal to 1 if at least one of the 

child-specific variables for a respondent was non-missing, and 0 otherwise. The maximum 

education variable was obtained by taking the maximum of the years of education among the 

women of each household. Education was then categorized into the following groups: 0 years, 1-

8 years, 9-12 years, and 13+, corresponding to no education, some primary education, some 

secondary education, and more than secondary education, respectively. 

The “neighbors” variable was found by finding the number of households which owned 

nets as well as the total number of households for each cluster. This number was then expressed 

as the fraction: #(owning nets)/#(total households in cluster), and one was subtracted from each 

of the numerator and denominator if the household owned a net, and one was subtracted from 

only the denominator if the household did not own a net. For ease in interpretation, the resulting 

decimal was then multiplied by 100 to express it as a percent. The country variable was 

arbitrarily defined as 1 for Kenya, 2 for Malawi, and 3 for Tanzania. To find the health centers 

variable, the number of health centers was found from each country’s Ministry of Health web 
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site, then divided by the population for each region (as found from online sources), and then 

multiplied by 10000. A similar approach was used for the per capita spending variable: the 

spending for each region was found using various online open data resources, as well as 

government cabinet department websites then divided by the population, and multiplied by the 

exchange rate to U.S. dollars, to standardize the spending in U.S. dollars. Lastly, the altitude 

variable, for ease in interpretation, was categorized according to the following scheme: less than 

1000 m, 1000-1500 m, 1500-2000 m, 2000-2500 m, and greater than 2500 m. 

3.2 Model 

The main research question of interest was to determine, using hierarchical models 

(because of the hierarchical nature of the sampling scheme of the data collection and spatial 

dependence due to regional socio-economic inequality), the factors that can be used to explain 

bed net ownership in the three countries. The hierarchical model to be used has two components: 

a sub-model for the household level, and a sub-model for the regional level. The regions for each 

country were based on the region variable in the Measure DHS data sets. The model is given as 

follows: 

logit(πij) = β0j + Hij + Rj 

Hij = β1x1ij + β2x2ij + … + βpxpij 

Rj = v1z1j + v2z2j + . . . + vpzpj 

β0j = β0 + uj, 

where πij represents the probability of bed net ownership in the ith household in the jth region; 

β1, . . . , βp represent the coefficients corresponding to the variables x1, . . . , xp at the household 

level, uj represents the error term for the jth region; v1, .. ., vp represent the random effects for the 

variables included at the regional level, and z1j, . . . ., zpj  represent the variables included at the 

regional level. The intercept β0j represents the value of the logit of the probability of owning a 

bed net when the set of independent variables (Xij, Zj) at the household level is set to zero. The 
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term uj represents the random effect of region on the intercept, while β0 is the mean of the 

intercept. The equation Hij represents the household level (fixed) effects while the equation Rj 

represents the region level (random) effects. Usually, random-slope models are used, in which 

variables have both a fixed mean component to their slope, as well as a random variation around 

the mean for different regions. However, in our model, we will only consider the fixed effects at 

the household level, and we will ignore the fixed effects component of the random effect at the 

regional level considering the modeling complexity. 

The model was run in in Stata Version 11.2. Predictor variables included the Bartlett 

scores for the household level healthy behavior index (detailed below), wealth index, distance to 

(drinking) water source, television ownership, bicycle ownership, urban/rural, presence of 

children under 5 in the household; the maximum number of years of education, and altitude in 

meters, and a variable representing the proportion of net ownership in all other households in the 

cluster. For example, if a cluster contained 12 households, for each household, the value of this 

variable would be the proportion of the other 11 households in the cluster which owned bed nets. 

A possible effect modification (i.e., interaction), between bicycle ownership and altitude was 

considered. Additionally, at the regional level, random effects were considered for the number of 

health centers in the region, as well as per capita spending. These variables were chosen because 

it was suspected that regional differences in net ownership can be due to differences in wealth 

and access to care. Although the hierarchical model can partially address spatial autocorrelation 

by considering variability within and between regions, we also include a variable describing the 

bed net ownership in a cluster to further incorporate spatial association.    

4. Results 

Table 1 summarizes the characteristics of the respondents and households, separated by 

country. For each of the three countries, the wealth index was divided into quintiles, so the 

percentage in each category was around 20%. In Kenya, 4,033 out of 5,643 (71.5%) households 
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owned nets. The median time required to get to a water source was 10 minutes (mean = 26.1 

minutes, SD = 59.5 mins.). Only 28.5% people owned a television, while just 31.1% owned a 

bicycle. The majority of households (71.7%) were located in rural areas, while the majority 

(71.0%) had at least one child under 5 years of age. An overwhelming majority of people 

(82.4%, 4,650 out of 5,643) had achieved at least some education, with nearly 30% having some 

secondary education. About one-third (33.4%) of households were between 1500 and 2000 m, 

with 89.4% of households being below 2000 m. As one would expect, the mean of the 

proportions of other households in each cluster owning bed nets was equal to the overall 

proportion of bed net ownership, namely 71.47%. The households were fairly evenly distributed 

by the region, with no more than 16.0% and no fewer than 7.6% of households in any of the 

regions. The median number of health centers per capita was 2.87 per 10,000 households. The 

median per capita spending was US $10.30. 

In Malawi, (see Table 1), 69.0% of households (1,247 of 1,807) owned mosquito nets. 

Only 14.8% of households owned a television, while 42.5% of households owned a bicycle. The 

median time to get to a water source was 10 minutes, with a mean of 15.2 minutes, and a 

standard deviation of 19.5 minutes. 70.8% of households were located in rural areas. The 

majority of people (82.6%, 1,493 out of 1,807) had at least some primary education, while 22.1% 

had at least some secondary education. Nearly every household had at least one child under 5 

years of age, with only 66 (3.7%) of the 1,807 households having no children under 5. Over half 

(51.8%) of households were between 1000 and 1500 m, with 98% of households being at an 

altitude less than 1500 m. As one would expect, the mean of the proportions of other households 

in each cluster owning bed nets was equal to the overall proportion of bed net ownership, namely 

69.0%. The median number of health facilities per 10,000 people was 0.37. The median per 

capita spending was US $47.39. 
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In Tanzania, 6,097 out of 6,392 (95.4%) households owned nets. Only 13.7% of 

households owned televisions, while a majority (56.7%) owned bicycles. The median time to a 

water source was 20 minutes. An overwhelming majority of households had a child under 5, with 

92.1% of households doing so. 81.1% of households were in rural areas, with 18.9% in urban 

areas. 82.6% of households were located below 1500 m, with the largest percentage (43.8%) 

being between 1000 and 1500 m. Over 80% of households had at least some education, with only 

1,224 households (19.2%) having no one with any education. As one would expect, the mean of 

the proportions of other households in each cluster owning bed nets was equal to the overall 

proportion of bed net ownership, namely 95.4%. In Tanzania, there are 30 regions, each having 

less than 6% of the households, and all but one having less than 5% of the households. The 

median number of health centers per 10,000 people was 1.846. 

Aggregating the three countries, 82.2% (11,377 out of 13,842) of households owned nets.  

Only 20.0% of households owned televisions, while 44.2% owned bicycles. The median time to 

a water source was 15 minutes. 84.0% of households had at least one child under 5, while 75.9% 

lived in rural areas. About 95% of households were located below 2000 m, with the largest 

percentage (39.2%) being between 1000 and 1500 m. Over 80% of households had at least some 

education, with only 2,531 households (18.3%) having no one with any education. As one would 

expect, the mean of the proportions of other households in each cluster owning bed nets was 

equal to the overall proportion of bed net ownership, namely 82.2%. The median number of 

health centers per 10,000 people was 0.37. 

 

Table 1. Descriptive statistical analysis. 

Variable Kenya Malawi Tanzania Total 

Continuous Variables (Median or Mean +/- SD) 

Time to water 
source (minutes) 

Median: 10 (n = 
5,558) 

Median: 10 
Mean ± SD: 15.2 
± 19.5 (n = 
1,707) 

Median: 20 (n = 
6085) 

Median: 15 (n = 
13350) 
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Neighbors Mean ± SD: 71.4 
± 24.5 (n = 
5,643) 

Mean ± SD: 69.0 
± 19.3 (n = 
1,807) 

Mean ± SD: 95.4 
± 8.3 (n = 6391) 

Mean ± SD: 82.2 
± 21.8 (n = 
13841) 

Per Capita 
Spending (US $) 

Median: 10.30 Median: 47.39 
(n = 1,807) 

Median: 2.23 (n 
= 4540) 

Median: 7.85 (n 
= 11990) 

Health centers 
per 10,000 
people 

Median: 2.87 Median: 0.37 (n 
= 1,807) 

Median: 1.846 
(n = 4540) 

Median: 0.37 (n 
= 11990 

Categorical Variables 

 # (%) # (%) # (%) # (%) 

Net ownership 
No 
Yes 

 
1610 (28.5) 
4,033 (71.5) 

 
560 (31.0) 
1,247 (69.0) 

 
295 (4.6) 
6,097 (95.4) 

 
2,465 (17.8) 
11,377 (82.2) 

Wealth 
Poorest 
Poorer 
Middle 
Richer 
Richest 

 
1,238 (21.9) 
899 (15.9) 
982 (17.4) 
1,067 (18.9) 
1,457 (25.8) 

 
334 (18.5) 
322 (17.8) 
316 (17.5) 
341 (18.9) 
494 (27.3) 

 
1,271 (19.9) 
1,310 (20.5) 
1,274 (19.9) 
1,366 (21.4) 
1,171 (18.3) 

 
2,843 (20.5) 
2,531 (18.3) 
2,572 (18.6) 
2,774 (20.0) 
3,122 (22.6) 

Has television 
No 
Yes 

 
3,988 (71.5) 
1,588 (28.5) 

 
1,530 (85.2) 
265 (14.8) 

 
5,247 (86.3) 
834 (13.7) 

 
10,765 (80.0) 
2,687 (20.0) 

Has bicycle 
No 
Yes 

 
3,845 (68.9) 
1,736 (31.1) 

 
1,032 (57.5) 
763 (42.5) 

 
2,648 (43.35) 
3,461 (56.65) 

 
7,525 (55.8) 
5,960 (44.2) 

Max. education 
achieved 
None 
Primary 
Secondary 
Post-Secondary 

 
 
993 (17.6) 
3,013 (53.4) 
1,214 (21.5) 
423 (7.5) 

 
 
314 (17.4) 
1,094 (60.5) 
376 (20.8) 
23 (1.3) 

 
 

1,224 (19.2) 
4,350 (68.1) 
697 (10.9) 
121 (1.9) 

 
 

2,531 (18.3) 
8,457 (61.1) 
2,287 (16.5) 
567 (4.1) 

Urban/Rural 
Urban 
Rural 

 
1,596 (28.3) 
4,047 (71.7) 

 
527 (29.2) 
1,280 (70.8) 

 
1,211 (18.9) 
5,181 (81.1) 

 
3,334 (24.1) 
10,508 (75.9) 

Any children 
under 5 
No 
Yes 

 
 
1,638 (29.0) 
4,005 (71.0) 

 
 
66 (3.7) 
1,741 (96.4) 

 
 
506 (7.9) 
5,886 (92.1) 

 
 
2,210 (16.0) 
11,632 (84.0) 

Altitude 
< 1000 m 
1000-1500 m 
1500-2000 m 
2000-2500 m 
> 2500 m 

 
1,470 (26.1) 
1,687 (30.0) 
1,876 (33.4) 
404 (7.2) 
189 (3.4) 

 
835 (46.2) 
936 (51.8) 
36 (2.0) 
0 (0) 
0 (0) 

 
2,430 (38.8) 
2,742 (43.8) 
972 (15.5) 
109 (1.7) 
10 (0.2) 

 
4,735 (34.6) 
5,365 (39.2) 
2,884 (21.1) 
513 (3.8) 
199 (1.5) 

Region Nairobi (521, 
9.2) 
Central (669, 
11.9) 
Coast (751, 

Northern (300, 
16.6) 
Central (723, 
40.0) 
Southern (784, 

Dodoma (185, 
2.9) 
Arusha (189, 
3.0) 
Kilimanjaro 
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13.3) 
Eastern (794, 
14.1) 
Nyanza (904, 
16.0) 
Rift Valley (900, 
16.0) 
Western (676, 
12.0) 
Northeastern 
(428, 7.6) 

43.4) 
 

(136, 2.1) 
Tanga (204, 3.2) 
Morogoro (212, 
3.3) 
Pwani (170, 2.7)        
Dar es Salaam 
(267, 4.2) 
Lindi (161, 2.5) 
Mtwara (179, 
2.8) 
Ruvuma (229, 
3.6) 
Iringa (160, 2.5) 
Mbeya (218, 
3.4) 
Singida (236, 
3.7) 
Tabora (268, 
4.2) 
Rukwa (237, 
3.7) 
Kigoma (250, 
3.9) 
Shinyanga (217, 
3.4) 
Kagera (225, 
3.5) 
Mwanza (267, 
4.2) 
Mara (285, 4.5) 
Manyara (245, 
3.8) 
Niombe (197, 
3.1) 
Katavi (188, 2.9) 
Simiyu (296, 
4.6) 
Geita (382, 6.0) 
Kaskazini (157, 
2.5) 
Kusini (155, 2.4) 
Mjini Magharibi 
(160, 2.5) 
Kaskazini 
Pemba (161, 2.5) 

Kusini Pemba 
(156, 2.4) 
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For the categorical variables included in the model, the baseline categories were: not 

owning a television; not owning a bicycle; having no education; not having any children under 5; 

for Tanzania, having no education; being at an altitude below 1000 m; and being in an urban 

setting. 

Modeling results for the country Kenya are presented in Table 2. In Kenya, the 

interaction between bicycle ownership and altitude was not significant. However, wealth index, 

television ownership, bicycle ownership, altitude, maximum education, presence of children 

under 5, and the proportion of net ownership in other households in the cluster were significantly 

associated with net ownership. 

 

Table 2. Modeling results for Kenya 

Variable Odds ratio (CI) p-value 

Wealth index 
Poorest 
Poorer 
Middle 
Richer 
Richest 

 
1 
1.838 (1.453-2.325) 
2.11 (1.653-2.693) 
1.804 (1.385-2.349) 
2.156 (1.526-3.048 

 
 
< 0.001*** 
< 0.001*** 
< 0.001*** 
< 0.001*** 

Distance to water source 0.999 (0.998-1.001) 0.527 

Television ownership 1.899 (1.537-2.346) < 0.001*** 

Bicycle ownership 1.221 (1.037-1.438) 0.016** 

Altitude 
< 1000 m 
1000-1500 m 
1500-2000 m 
2000-2500 m 
> 2500 m 

 
1 
0.711 (0.517-0.978) 
0.492 (0.356-0.682) 
0.356 (0.241-0.527) 
0.179 (0.104-0.307) 

 
 
0.036** 
< 0.001*** 
< 0.001*** 
< 0.001*** 

Urban/rural 1.199 (0.921-1.560) 0.177 

Presence of children under 5 2.086 (1.799-2.419) < 0.001*** 

Maximum education attained 
No education 
Some primary 
Some secondary 
Above secondary 

 
1 
1.473 (1.163-1.866) 
1.798 (1.351-2.393) 
2.462 (1.67-3.631) 

 
 
0.001 *** 
< 0.001*** 
< 0.001*** 

Neighbors 1.03 (1.026-1.034) < 0.001 *** 

***, p-value < 0.01; **, p-value < 0.05; *, p-value < 0.1 

Random-effects parameters Estimate Standard Error 95% CI 

Var(nohealthcenters/10000) 9.17 x 10-23 2.55 x 10-13  
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Var(percapspendexchange) 7.55 x 10-6 0.0000188 (5.68 x 10-8, 0.001) 

Var(_cons) 0.085 0.058 (0.022, .324) 

 

Table 3 shows the results for Malawi, presented separately for the different categories of 

altitude, since there was a significant altitude-bike ownership interaction. Because there were too 

few observations above 1500 m, models are only presented for the categories, 0-1000 m and 

1000-1500 m. In the lowest altitude category, being in the richest wealth category, owning a 

bicycle, and the proportion of other households in the cluster owning nets were associated with 

net ownership. In the second altitude category, being closer to a water source, bicycle ownership, 

being in a rural area, having some primary education (as compared with no education); having 

some secondary education (as compared with no education); and the proportion of other 

households in the cluster owning nets were associated with net ownership. 

Table 3: Modeling results for Malawi 

Table 3a. Modeling results for Malawi: Altitude 0-1000 m 

Variable Odds ratio (CI) p-value 

Wealth index 
Poorest 
Poorer 
Middle 
Richer 
Richest 

 
1 
1.396 (0.803-2.428) 
1.118 (0.656-1.908) 
1.434 (80.804-2.56) 
3.031 (1.33-6.907) 

 
 
0.238 
0.681 
0.222 
0.008 *** 

Distance to water 
source 

0.995 (0.987-1.004) 0.281 

Television ownership 0.599 (0.273-1.313) 0.200 

Bicycle ownership 1.51 (1.042-2.189) 0.030 ** 

Urban/rural 1.629 (0.906-2.929) 0.103 

Presence of children 
under 5 

0.971 (0.411-2.29) 0.946 

Maximum education 
attained 
No education 
Some primary 
Some secondary 
Above secondary 

 
 
1 
1.147 (0.730-1.8) 
1.846 (0.928-3.673) 
1190380 

 
 
 
0.552 
0.081 * 
0.978 

Neighbors 1.026 (1.015-1.036) < 0.001 *** 

***, p-value < 0.01; **, p-value < 0.05; *, p-value < 0.1 
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Random-effects parameters Estimate Std. Error 95% CI 

var (healthcenters/10000) 2.28 x 10-13 1.32 x 10-6  

var (percapspendexchange) 0.0000631 0.0000733 (6.46 x 10-6, 0.0006158) 

var(_cons) 9.38 x 10-11 0.0000377  

 

Table 3b. Modeling results for Malawi: Altitude 1000-1500m 

Variable Odds ratio (CI) p-value 

Wealth index 
Poorest 
Poorer 
Middle 
Richer 
Richest 

 
1 
1.451 (0.888-2.37) 
0.871 (0.513-1.48) 
1.296 (0.765-2.194) 
1.692 (0.922-3.103) 

 
 
0.137 
0.610 
0.335 
0.089 * 

Distance to water 
source 

0.99 (0.981-0.998) 0.02 

Television ownership 1.492 (0.872-2.554) 0.144 

Bicycle ownership 1.847 (1.307-2.61) 0.001 *** 

Urban/rural 1.792 (1.136-2.828) 0.012 ** 

Presence of children 
under 5 

1.836 (0.683-4.937) 0.229 

Maximum education 
attained 
No education 
Some primary 
Some secondary 
Above secondary 

 
 
1 
2.483 (1.642-3.753) 
3.515 (2.034-6.075) 
5289994 

 
 
 
< 0.001 *** 
< 0.001 *** 
0.979 

Neighbors 1.016 (1.007-1.025) < 0.001 *** 

 

Random-effects parameters Estimate Std. Err. 95% CI 

var(healthcenters/10000) 0.0562 0.149 (0.0003111, 10.1 

var (percapspendexchange) 3.72 x 10-13 2.88 x 10-9  

Var(_cons) 1.20 x 10-9 0.0000104  

 

 

Table 4 displays the results based on Tanzania, presented separately for the different 

categories of altitude, since there was a significant altitude-bike ownership interaction. Because 

there were too few observations above 2000 m, models are only presented for the categories: 0-

1000 m, 1000-1500 m, and 1500-2000m. For the lowest altitude category, being in the richer 

wealth category, being closer to a water source; owning a bicycle; having children under 5; and 
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the proportion of other households in the cluster owning nets were significantly associated with 

net ownership. For those in the 1000-1500 m altitude category, being in the middle wealth 

category and the proportion of other households in the cluster owning nets were significantly 

associated with net ownership. For those in the 1500-2000 m category, bicycle ownership and the 

proportion of other households in the cluster owning nets were significantly associated with net 

ownership. 

Table 4: Modeling results for Tanzania 

Table 4a. Modeling results for Tanzania: Altitude 0-1000 m 

Variable OR (% CI) p-value 

Wealth index 
Poorest 
Poorer 
Middle 
Richer  
Richest 

 
1 
1.79 (0.791-4.052) 
1.586 (0.621-4.048) 
8.253 (1.759-38.7) 
4.638 (0.77-28.0) 

 
 
0.162 
0.335 
0.007 *** 
0.094 * 

Television ownership 0.464 (0.103-2.079) 0.315 

Distance to water source 0.995 (0.991-0.999) 0.021 ** 

Urban/Rural 0.512 (0.166-1.579) 0.244 

Bicycle ownership 3.03 (1.556-5.901) 0.001 *** 

Maximum education attained 
No education 
Some primary education 
Some secondary education 
Above secondary education 

 
1 
0.969 (0.479-1.96) 
1.126 (0.217-5.847) 
0.261 (0.0514-1.328) 

 
 
0.931 
0.888 
0.106 

Have children under 5 4.009 (1.757-9.145) 0.001 *** 

Neighbors 1.04 (1.008-1.073) 0.013 ** 

***, p-value < 0.01; **, p-value < 0.05; *, p-value < 0.1 
 

Random-effects parameters Estimate Std. Err. 95% CI 

var (healthcenters/10000) 2.029 3.977 (0.0435, 94.6) 

var(percapspendexchange) 5.90 x 10-22 6.17 x 10-12  

var(_cons) 2.21 x 10-17 5.08 x 10-9  

 

 

Table 4b. Modeling results for Tanzania: Altitude 1000-1500m 

Variable OR (% CI) p-value 

Wealth index   
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Poorest 
Poorer 
Middle 
Richer  
Richest 

1 
1.471 (0.691-3.13) 
9.024 (1.994-40.8) 
2.245 (0.833-6.051) 
2.877 (0.482-17.2) 

 
0.317 
0.004 *** 
0.110 
0.246 

Television ownership 0.580 (0.143-2.354) 0.446 

Distance to water source 1.002 (0.998-1.006) 0.385 

Urban/Rural 0.581 (0.155-2.182) 0.421 

Bicycle ownership 1.115 (0.595-2.09) 0.733 

Maximum education attained 
No education 
Some primary education 
Some secondary education 
Above secondary education 

 
1 
1.098 (0.527-2.287) 
1.567 (0.291-8.426) 
447023.6 

 
 
0.803 
0.601 
0.985 

Have children under 5 2.468 (0.797-7.641) 0.117 

Neighbors 1.047 (1.006-1.09) 0.025** 

***, p-value < 0.01; **, p-value < 0.05; *, p-value < 0.1 
 

Random-effects parameters Estimate Std. Err. 95% CI 

var (healthcenters/10000) 7.767 18.1 (0.798, 755.7) 

var(percapspendexchange) 1.27 x 10-8 0.000387  

var(_cons) 0.137 0.632 (0.0000163, 1153.949) 

 

Table 4c. Modeling results for Tanzania: Altitude 1500-2000 m 

Variable OR (% CI) p-value 

Wealth index 
Poorest 
Poorer 
Middle 
Richer  
Richest 

 
1 
1.846 (0.713-4.877) 
1.245 (0.503-3.08) 
1.649 (0.531-5.119) 
17.8 (0.896-352.3) 

 
 
0.204 
0.636 
0.387 
0.059 * 

Television ownership 0.663 (0.0436, 10.07) 0.767 

Distance to water source 0.999 (0.994-1.004) 0.746 

Urban/Rural 2.582 (0.679-9.815) 0.164 

Bicycle ownership 2.253 (1.016-4.993) 0.046 ** 

Maximum education attained 
No education 
Some primary education 
Some secondary education 
Above secondary education 

 
1 
1.292 (0.563-2.967) 
1.315 (0.255-6.776) 
92230.91 

 
 
0.546 
0.743 
0.989 

Have children under 5 1.203 (0.265-5.462) 0.811 

Neighbors 1.048 (1.012-1.085) 0.008 *** 

***, p-value < 0.01; **, p-value < 0.05; *, p-value < 0.1 
 

Random-effects parameters Estimate Std. Err. 95% CI 

var (healthcenters/10000) 2.22 x 10-8 0.0004773  
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var(percapspendexchange) 2.02 x 10-10 2.18 x 10-6  

var(_cons) 1.99 x 10-10 7.82 x 10-6  

 

 

 Modeling results for the three countries combined are presented in Table 5. No 

significant interaction between altitude and bike ownership was observed when the three 

countries were aggregated. A significant interaction was observed between country and wealth, 

so models stratified by wealth were presented. Among those in the poorest wealth category, 

country of residence; altitude; presence of children under 5; and the proportion of other 

households in the cluster owning nets were significantly associated with bed net ownership. 

Among those in the poorer wealth category, country of residence; distance to water source; 

altitude; presence of children under 5; and the proportion of other households in the cluster 

owning nets were significantly associated with bed net ownership. Among those in the middle 

category, country of residence; bicycle ownership; altitude; having children under 5; being more 

highly educated; and the proportion of other households in the cluster owning nets were 

significantly associated with bed net ownership. For those in the richer category, country of 

residence, television ownership; bicycle ownership; altitude; living in a rural environment; 

having children under 5; being more highly educated; and the proportion of other households in 

the cluster owning nets were significantly associated with bed net ownership. Lastly, for those in 

the richest category, country of residence; television ownership; altitude; having children under 

5; being more highly educated; and the proportion of other households in the cluster owning nets 

were significantly associated with bed net ownership.  

 

Table 5: Countries aggregated stratified by Wealth: 

Table 5a: Poorest 

Variable Odds Ratio (95% CI) P-value 

Country   
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Kenya 
Malawi 
Tanzania  

1 
0.742 (0.523-1.054) 
3.5 (2.456-4.987) 

 
0.096* 
< 0.001 *** 

Distance to water source 0.999 (0.997-1.001) 0.372 

Television ownership 7724011  0.985 

Bicycle ownership 1.295 (0.987-1.699) 0.063* 

Altitude 
0-1000 m 
1000-1500 m 
1500-2000 m 
2000-2500 m 
Above 2500 m 

 
1 
0.839 (0.631-1.115) 
0.634 (0.439-0.917) 
0.318 (0.181-0.558) 
0.737 (0.245-2.222) 

 
 
0.226 
0.015 ** 
< 0.001 *** 
0.588 

Urban/Rural 1.546 (0.813-2.942) 0.184 

Presence of children under 5 1.555 (1.144-2.114) 0.005 *** 

Maximum education 
No education 
Some primary education 
Some secondary education 
Above secondary education 

 
1 
1.177 (0.898-1.544) 
1.349 (0.748-2.433) 
1.374 (0.158-11.936) 

 
 
0.237 
0.320 
0.773 

Neighbors 1.031 (1.024-1.038) <0.001 *** 

***, p-value < 0.01; **, p-value < 0.05; *, p-value < 0.1 
 

Random-effects 
parameters 

Estimate Std. Error 95%CI 

var (healthcenters10000) 8.30 x 10-18 4.43 x 10-11  

var(percapspendexchange) 1.51 x 10-12 7.25 x 10-9  

var(_cons) 0.0124 0.022 (0.000377, 0.405) 

 
Table 5b: Poorer 

Variable Odds Ratio (95% CI) P-value 

Country 
Kenya 
Malawi 
Tanzania 

 
1 
0.556 (0.366-0.486) 
4.03 (2.473-6.569) 

 
 
0.006 *** 
< 0.001 *** 

Distance to water source 0.996 (0.994-0.999) 0.008 *** 

Television ownership 0.935 (0.246-3.559) 0.922 

Bicycle ownership 1.509 (1.122-2.029) 0.006 *** 

Altitude 
0-1000 m 
1000-1500 m 
1500-2000 m 
2000-2500 m  
Greater than 2500m 

 
1 
0.695 (0.469-1.031) 
0.473 (0.294-0.761) 
0.562 (0.279-1.131) 
0.089 (0.167-0.479) 

 
 
0.07 * 
0.002 *** 
0.106 
0.005 *** 

Urban/rural 0.480 (0.202-1.143) 0.097 * 

Presence of children under 5 1.981 (1.385-2.835) < 0.001 *** 

Maximum education 
No education 
Some primary education 

 
1 
1.621 (1.138-2.309) 

 
 
0.007 *** 
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Some secondary education 
Above secondary education 

1.888 (1.1-3.24) 
12.1 (0.758-194.5) 

0.021 ** 
0.078 * 

Neighbors  1.031 (1.023-1.04) < 0.001 *** 

***, p-value < 0.01; **, p-value < 0.05; *, p-value < 0.1 
 

Random-effects parameters Estimate Std. Error 95% CI 

var (healthcenters10000) 3.95 x 10-16 4.26 x 10-10  
 

var(percapspendexchange) 1.87 x 10-19 3.59 x 10-12  

var(_cons) 0.011 0.031 (0.0000413, 2.91) 

 
Table 5c: Middle 

Variable Odds Ratio (95% CI) P-value 

Country 
Kenya 
Malawi 
Tanzania 

 
1 
0.388 (0.212-0.712) 
4.532 (2.362-8.696) 

 
 
0.002 *** 
< 0.001 *** 

Distance to water source 0.999 (0.996-1.003) 0.802 

Television ownership 1.279 (0.775-2.11) 0.335 

Bicycle ownership 1.396 (1.046-1.864) 0.023 ** 

Altitude 
0-1000 m 
1000-1500 m 
1500-2000 m 
2000-2500 m 
Greater than 2500 m 

 
1 
0.719 (0.448-1.154) 
0.476 (0.276-0.822) 
0.403 (0.189-0.863) 
0.161 (0.056-0.463) 

 
 
0.172 
0.008 *** 
0.019 ** 
0.001 *** 

Urban/rural 1.674 (0.968-2.895) 0.065 * 

Children under 5 2.04 (1.447-2.877) < 0.001 *** 

Maximum education 
No education 
Some primary education 
Some secondary education 
Above secondary education 

 
1 
1.801 (1.202-2.699) 
2.561 (1.493-4.395) 
4.947 (0.87-28.1) 

 
 
0.004 *** 
0.001 *** 
0.071 * 

Neighbors 1.032 (1.024-1.04) < 0.001 *** 

 

Random-effects 
Parameters   

Estimate Std. Err.      95% CI 

var(healthcenters10000) 3.39e-21    2.07e-12               

var(percapspendexchange) 4.82e-20    3.01e-12               

Var(_cons) 0.113 0.087 (0.0251, 0.511) 

 
Table 5d: Richer 

Variable Odds Ratio (95% CI) P-value 

Country 
Kenya 
Malawi 
Tanzania 

 
1 
0.427 (0.256-0.711) 
4.515 (2.506-8.134) 

 
 
0.001*** 
< 0.001 *** 

Distance to water source 0.996 (0.992-1.001) 0.125 
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Television ownership 1.581 (1.104-2.264) 0.012 ** 

Bicycle ownership 1.747 (1.305-2.339) < 0.001 *** 

Altitude 
0-1000 m 
1000-1500 m 
1500-2000 m 
2000-2500  m 
Above 2500 m 

 
1 
0.667 (0.432-1.031) 
0.360 (0.217-0.6) 
0.202 (0.101-0.401) 
0.0974 (0.0404-0.235) 

 
 
0.068 * 
< 0.001 *** 
< 0.001 *** 
< 0.001 *** 

Urban/rural 1.4 (1.009-1.944) 0.044 ** 

Children under 5 2.771 (2.011-3.819) < 0.001 *** 

Max education 
No education 
Some primary education 
Some secondary education 
Above secondary education 

 
1 
1.808 (1.132-2.887) 
2.24 (1.313-3.821) 
1.732 (0.72-4.16) 

 
 
0.013 ** 
0.003 *** 
0.22 

Neighbors 1.03 (1.023-1.038) < 0.001 *** 

 

Random-effects 
Parameters   

Estimate Std. err. 95% CI 

var(healthcenters10000) 5.04 x 10^-22 5.84 x 10^-13  

var(percapspendexchange) 2.42 x 10^-25 2.43 x 10^-15   

var(_cons) 0.048 0.415 (0.00888, 0.261) 

 
Table 5e: Richest 

Variable Odds Ratio (95% CI) P-value 

Country 
Kenya 
Malawi 
Tanzania 

 
1 
0.694 (0.333-1.446) 
4.01 (1.806-8.906) 

 
 
0.329 
0.001 *** 

Distance to water source 1.005 (0.996-1.015) 0.254 

Television ownership 1.797 (1.382-2.336) < 0.001 *** 

Bicycle ownership 1.271 (0.954-1.694) 0.101 

Altitude 
0-1000 m 
1000-1500 m 
1500-2000 m 
2000-2500  m 
Above 2500 m 

 
1 
0.682 (0.394-1.18) 
0.574 (0.301-1.09) 
0.380 (0.166-0.871) 
0.357 (0.0763-1.67) 

 
 
0.172 
0.091 * 
0.022 ** 
0.191 

Urban/rural 1.217 (0.849-1.746) 0.285 

Children under 5 2.098 (1.608-2.737) < 0.001*** 

Max education 
No education 
Some primary education 
Some secondary education 
Above secondary education 

 
1 
1.25 (0.733-2.14) 
1.57 (0.911-2.7) 
2.35 (1.28-4.32) 

 
 
0.412 
0.104 
0.006 *** 

Neighbors 1.03 (1.02-1.04) < 0.001 *** 

 

Random-effects Estimate Std. err. 95% CI 
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Parameters   

var(healthcenters10000) 6.35 x 10^-19 3.49 x 10^-11  

var(percapspendexchange) 4.82 x 10^-6 0.000015 (1.1 x 10^-8, 
0.00212) 

var(_cons) 0.175 0.204 (0.0179, 1.72) 

 
 

 

The largest component of the variance for the random-effects parameters was constant for both 

Kenya individually and each of the models for the three countries combined.  

 

5. Discussion 

The significance of the association between wealth index and bed net ownership found in 

Kenya; low altitudes in Malawi; low altitudes in Tanzania; and middle altitudes in Tanzania 

confirms the links found in previous studies between wealth and bed net ownership/use (Winch 

et al. 1997; Noor et al, 2007; Blackburn et al, 2006; Okrah et al, 2002; Binka et al, 1998).  

Brooker et al. (2004) found positive association between wealth index and use of coils and 

having medicine. Bicycle ownership may indicate increased mobility. The positive association 

between bed net ownership and bicycle ownership found in Kenya and in the three countries 

combined is also consistent with previous studies which have suggested that having access to 

care decreases mortality risk, and thus suggesting that being more mobile or close to a health 

facility makes someone more likely to own a bed net (Winch et al, 1997; Binka et al, 1998). 

While Brooker et al. (2004) including bicycle ownership as part of a wealth index for assessing 

the association with keeping coils and medicines, our study goes along with the research which 

suggests a wide variety of vehicles (including bicycles) are used for medical transport (WHO 

2010). The presence of interactions between bicycle ownership and altitude in Malawi and 

Tanzania is particularly interesting. In Malawi, at lower altitudes, there was a lower odds ratio 

for the effect of bicycle ownership than at higher altitudes. One would expect the opposite trend 
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to occur, as bicycles are less useful at higher altitudes, where terrain is not as conducive to riding 

bicycles. In Tanzania, the effect of bicycle ownership was the greatest at low altitudes, lowest at 

middle altitudes, and the effect at higher altitudes was in between that at low and high altitudes.  

The positive association between the presence of children under 5 and bed net ownership 

found in Kenya, at low altitudes in Tanzania and in the three countries combined is also to be 

expected, as one would expect that mothers of young children would want to protect their 

children by owning mosquito nets. The negative association between altitude and bed net 

ownership is consistent with previous outcomes, as there are fewer mosquitoes at higher 

altitudes. In Kenya and the three countries combined, the net ownership in other households in 

the cluster was found to be significantly associated with net ownership. There are a couple of 

different possible explanations for this: this could be evidence of a community effect; this could 

be a reflection of policy (e.g., all of the households may have received nets as part of the same 

distribution program); or there could be similarities within a cluster in wealth, education, healthy 

behaviors, etc. The positive association between births taking place at a location considered to be 

“healthy” may be a result of people receiving a bed net at the same time that they give birth. The 

significant association of urban/rural (with those in rural areas being more likely to own bed 

nets) may be a result of distribution programs targeting rural areas which traditionally are at 

higher risk. The significance of education with net ownership is not surprising, as those who are 

more highly educated would seem to be more likely to recognize the value of net ownership. 

The positive association between television ownership and bed net ownership found in 

Kenya and in the three countries combined may have two possible explanations. The first is that 

television ownership may be indicative of wealth, while the second is that television ownership 

may mean people have more media exposure and are thus more likely to appreciate the 

importance of owning nets. 
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Although difficult to capture in the model, we would also like to highlight that policies 

regarding net distribution can be influential. PSI/Malawi distributes long-lasting insecticide-

impregnated mosquito nets free to pregnant women and children under 5. In addition, in 2010 in 

Malawi, nets were distributed to 28 villages within the catchment areas of the Migowi health 

center (Against Malaria 2010). This can be part of the reasons that we observed the highest bed 

net ownership rate in Malawi. Similarly, on the Tanzanian mainland, 18.2 million nets were 

distributed free of charge between October 2010 and September 2011 as part of a universal 

coverage campaign (USAID 2014). Right after the data collection period, in Tanzania in 2012, 

more than 660,000 ITNs were distributed for free among the islands of Zanzibar. To increase the 

bed net coverage, in 2011 (after the survey data collection), 11 million free nets were to be 

distributed to 22 million Kenyans (World Bank 2011). 

6. Conclusions 

Returning to the original aim of attempting to maximize the proportion of people who use 

nets, it is important to encourage those with traits positively associated with net ownership 

(wealth, those who own bicycles, those who live in urban areas, those who are educated, those 

who live in rural areas, etc.) to continue to own and use nets. Additionally, it may be of value to 

also encourage those with traits negatively associated with net ownership and usage (those at 

high altitude and those without children under 5) to own nets. The best way to achieve these 

goals may be through education, in particular, to encourage residents to prioritize their health. At 

the regional level, the greatest variability in bed net ownership was based on health care 

facilities.  
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