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Abstract
Morbidities andmortalities caused bymalaria are still a serious issue in Nigeria, with the country accounting for
25% of malaria morbidities and 24% of malaria mortalities globally in 2018. Treated bed nets reduce the inci-
dence of malaria, but not all Nigerians use them. This study aimed to examine the factors associated with treated
bed net usage, including perceived severity of malaria, and the rural–urban differences in the relationship
between socio-demographic factors and use of treated bed nets in Nigeria. The analytic sample size comprised
40,693 women aged 15–49 years. Poisson regression and bivariable and multivariable analyses were used to test
the study hypothesis that women who agreed that malaria could potentially lead to death would be more likely
to adopt malaria preventive measures, including treated bed net use. About 48% of the women slept under a
treated mosquito net the night before the survey. Those who perceived that malaria could lead to death had a
higher likelihood of using a treated bed net in the urban, rural and combined samples. However, in the mul-
tivariable model, the association between perceived malaria severity and use of a treated bed net was only sig-
nificant for rural women (APR=0.964, 95% CI: 0.933, 0.996). The results unexpectedly suggest that rural
Nigerian women who perceive malaria to be severe have a lower likelihood of using treated bed nets. Also,
rural–urban variations in the relationship between the socio-demographic variables and use of treated bed nets
were observed. Policies should consider the observed rural–urban dichotomy in the influence of perceived
severity of malaria and other socio-demographic factors on women’s use of treated bed nets in Nigeria.
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Introduction
Malaria, a vector-borne disease, is a serious public health concern and continues to be a major
focus of the Sustainable Development Goals (Dawaki et al., 2016; Okunlola & Oyeyemi, 2019).
In 2019, about 229 million cases and 409,000 malaria-associated deaths occurred worldwide, with
nearly half of the world’s population being at risk (World Health Organization, 2020). Although
about 97 countries and territories in the tropics and sub-tropics are burdened by malaria, fifteen
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contributed the highest burden with 80% of malaria-associated deaths (Okunlola & Oyeyemi,
2019). Regionally, sub-Saharan Africa (SSA) is accountable for about 92–94% of the global malaria
burden (Okunlola & Oyeyemi, 2019; World Health Organization, 2020).

Since 2010, there has been a global reduction in the rate of decrease in malaria incidence. The
decrease generally halted in 2014, and reversed in some countries (World Health Organization,
2018). In Nigeria, about 100% of the population is at risk of malaria, and the country contributed
the highest proportion of malaria cases (25%) and malaria deaths (24%) globally in 2018 (World
Health Organization, 2019b). It was also one of two countries with the highest rates of malaria
infection in pregnancy (World Health Organization, 2019b). Nationally, malaria contributes
about 60% of all outpatient visits to health facilities and 30% of child mortality (Dawaki et al.,
2016; Andrada et al., 2019).

In 2019, an estimated US$3 billion was spent on malaria control and elimination globally, with
governments of endemic countries contributing about US$900 million (31%) (World Health
Organization, 2020). Malaria has been shown to intensify poverty, limit educational opportunities
and increase absenteeism in schools and at work in affected populations (Van Damme-
Ostapowicz et al., 2012; Ghahremani et al., 2014). However, despite a scaling up of efforts, global
malaria reduction and long-term elimination programmes have not seen much success due to lack
of resources, economic constraints, long distance to health facilities, limited knowledge of malaria,
parasitic drug resistance and insecticide-resistant mosquitoes (Pell et al., 2011; Ghahremani et al.,
2014; Diiro et al., 2016).

Very importantly, the World Health Organization (WHO) devised the Global Technical
Strategy for Malaria 2016–2030, which called for the elimination of malaria in at least ten coun-
tries that had the greatest burden of the disease in 2015 by the year 2020. In 2016, 21 countries
spanning five regions were identified by the WHO as being able to defeat malaria by 2020,
based on the likelihood of elimination across key criteria, and these countries formed the
E-2020 initiative. Recently, WHO launched the E-2025 initiative, which aims to halt transmission
of the disease in 25 more countries by 2025 (World Health Organization, 2019a, 2021). Measures
such as controlling mosquito breeding sites and the use of long-lasting insecticide-treated nets
(LLINs) play key roles in achieving these targets (World Health Organization, 2020). Sadly, only
40% of the at-risk population worldwide slept under LLINs in 2018 (World Health Organization,
2019b). The Nigerian Government, through the National Malaria Elimination Programme
(NMEP) and collaborators, have instituted malaria prevention and treatment interventions
towards achieving the 2014–2020 National Malaria Strategic Plan (NMSP) (Federal Ministry
of Health, 2014). This strategic plan aimed to reduce the incidence rate of malaria to less than
5000 per 100,000 persons and reduce deaths attributable to malaria to zero by 2020. One of
the objectives of this goal was to provide at least 80% of the targeted population with appropriate
preventive measures by 2020, including increased LLIN ownership coverage (Federal Ministry of
Health, 2014; Andrada et al., 2019). A mixed-model approach, including free mass LLIN distri-
bution campaigns (e.g. through immunization and antenatal care services) was devised by the
NMEP (Andrada et al., 2019). Nigeria’s NMEP resulted in LLIN use increasing from 8% in
2008 to 61% in 2018 (Ameyaw et al., 2020).

In Nigeria, socio-demographic and economic factors play key roles in the uptake of malaria
prevention and control measures. These vary by region, place of residence, education and other
maternal demographic characteristics (Ameyaw et al., 2020). Malaria is reported to mainly affect
vulnerable communities (Gómez et al., 2017). Young children are biologically vulnerable to
malaria. Also, less educated people and housewives living in precarious conditions are at high
risk of malaria infection (Gómez et al., 2017). Contrasting studies have indicated that formal edu-
cation is both a positive (Dike et al., 2006; Diiro et al., 2016) and negative (Ahmed & Zerihun,
2010; Auta, 2012) predictor of uptake of malaria prevention and treatment strategies. The majority
of malaria cases are thought to occur in rural areas worldwide, but with a growing number of
urban and peri-urban cases (Padilla et al., 2015). Rapid rural–urban migration has resulted in
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populations living in poor socioeconomic conditions with inadequate housing infrastructure and a
lack of public services. These settlements usually have inadequate sanitation and poor surface
water drainage, leading to the development of water bodies and vegetation-rich areas, which
act as breeding grounds for mosquitoes, especially Plasmodium falciparum and Plasmodium
vivax (De Silva & Marshall, 2012; Padilla et al., 2015). In Nigeria, the human malaria parasites
include P. falciparum, P. ovale and P. malariae, among others. Plasmodium falciparum, transmit-
ted through the bites of competent female mosquitoes of the genus Anopheles, is said to account
for around 90–95% of malaria infections, while P. malariae and P. ovale are estimated to be
responsible for less than 5% of infections (Oduola et al., 2013; World Health Organization, 2018).

Oduola et al. (2013) assessed malaria vector abundance and diversity in rural and urban com-
munities in three selected major towns in south-western Nigeria, to determine the impact of
urbanization on the diversity and abundance of the Anopheles species associated with malaria
transmission in human habitations. Ten Anopheles species were identified in the rural communi-
ties, with only four species, namely A. gambiae, A. funestus, A. moucheti and A. nili, occurring
in more than 50% of the rural communities. On the other hand, eight Anopheles species were
identified in the urban communities, with only one species (A. gambiae) occurring in all urban
communities, while three major vectors (A. funestus, A. moucheti and A. nili) occurred in no more
than 20% of the urban communities. Additionally, some mosquito species seem to easily adapt to
new breeding conditions in urban settings (De Silva & Marshall, 2012; Oduola et al., 2013).
Another study in Malawi reported that Anopheles abundance was greater during rainy seasons,
with A. funestus being more abundant than A. arabiensis, although the female of both species
significantly increased with distance from the urban centre (Dear et al., 2018).

These socio-demographic and economic factors and ‘social characteristics within which living
takes place’ serve as structural mechanisms that affect a wide range of health conditions (World
Health Organization, 2010; Committee on Educating Health Professionals to Address the Social
Determinants of Health et al., 2016). These factors stratify populations into groups, which results
in health inequalities, including in malaria transmission, and invariably shapes
specific determinants of health status and reflects individuals’ experiences in exposure and
vulnerability to health-compromising conditions (World Health Organization, 2010). Together
with contextual factors and the socioeconomic position of individuals from such stratification,
these underpin the Social Determinants of Health (SDH) framework (World Health
Organization, 2010; Committee on Educating Health Professionals to Address the Social
Determinants of Health et al., 2016). Although adherence to, and use of, malaria preventive meas-
ures depend on multiple factors such as accessibility of LLINs, the behaviour and perception of
people about the risk of malaria severity and effectiveness of preventive measures play key roles.
The WHO resolved to ‘continue to invest in changing people’s behaviour’ towards ending the
malaria epidemic by 2030 (World Health Organization, 2018).

To date, studies have focused on malaria prevention and the use of LLINs in Nigeria, predomi-
nantly focusing on the ownership and use of LLINs (Adebayo et al., 2014; Adedokun & Uthman,
2020). However, there is paucity of information on the relationship between perceived severity of
malaria and the use of LLINs. In some settings, uncomplicated malaria is becoming a ‘normalized
illness’ and affects people’s perception of risk (Jones &Williams, 2004; Giardina et al., 2014). With
seasonality being a source of bias, different surveys conducted during dry and hot months (e.g.
because of issues of accessibility of remote areas), when people are less likely to sleep under bed
nets, may affect the accuracy of the research results that inform policy decisions (Giardina et al.,
2014). Also, the occurrence of malaria is closely related to naturally existing environmental and
climatic conditions and anthropogenic activities (Odongo-Aginya et al., 2005). Although Nigeria’s
current malaria control situation has improved, with the aid of both international and local ini-
tiatives, one of the roadblocks, however, to reduction and long-term elimination is the vector har-
bourage posed by clogged drainage systems (Farid, 2016). Nigeria has predominantly two seasons.
In the south, the rainy season lasts from March to November, whereas in the north it lasts only
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frommid-May to September (Britannica, 2021). The rest of the months are dry season. During the
rainy seasons, waste accumulated in the dry seasons blocks drainage, making it hard for water to
flow easily and causing stagnant water to collect, creating breeding sites for mosquitoes (Amoran
et al., 2014).

Therefore, this study explored the rural–urban dimensions of the perception of malaria severity
and practice of malaria preventive measures using the nationally representative 2018 Demographic
and Health Survey dataset for Nigeria. The theoretical frameworks of the study were the Health Belief
Model (HBM) and the Social Determinants of Health (SDH) framework, which were used to explain
the results and how they inform policies towards reducing malaria incidence. The HBM is a psycho-
logical model that attempts to explain and predict health behaviours by focusing on the attitudes and
beliefs of individuals (Green &Murphy, 2014; Jones et al., 2015). It proposes six constructs to explain
and predict preventive health behaviours: modifying factors, perceived threats (severity and suscep-
tibility), benefits, barriers, self-efficacy and cues to action. It focuses on intra-personal factors, includ-
ing risk-related beliefs that influence individuals’ health-related decision-making. The HBM can be
used to interpret people’s perception of health threats and subsequent compliance with health inter-
ventions (Green & Murphy, 2014; Watanabe et al., 2014; Jones et al., 2015).

This study explored the association of women’s perceptions of the severity of malaria and the
decision-making process in the uptake of preventive measures in Nigeria. The findings will inform
policymakers when designing specific interventions to change the perception of the use of LLINs.
The aim was to establish a baseline for effective and cost-effective initiatives for the Federal
Government of Nigeria towards reducing malaria and its associated complications.

Methods
Data

The study used a female dataset from the 2018 Nigeria Demographic and Health Survey (NDHS).
The 2018 NDHS data were cross-sectional and collected from 14th August to 29th December
2018. The survey adopted a two-stage sampling design (National Population Commission & ICF,
2019), details of which can be found in previous reports (National Population Commission &
ICF, 2009; National Population Commission & ICF, 2013). A total of 42,121 women of reproductive
age (15–49 years) were eligible to be interviewed and 99.288% of them responded to the questionnaire
(National Population Commission & ICF, 2019). A total of 1128 (2.7% of 41,821) respondents who
indicated that they did not know, or were not sure, that malaria led to death were excluded from the
dataset during the data cleaning before analysis. The final analytic sample was 40,693 women.

Measures

Dependent variable
The dependent variable was ‘adoption of a malaria preventive measure’. The survey variable ‘type
of mosquito bed net(s) slept under last night’ was used, with the responses ‘0’ for no net, ‘1’ for
only a treated net, ‘2’ for both treated and untreated nets and ‘3’ for only an untreated net.
Respondents who slept only under a treated net the night before the survey were treated as ‘having
adopted a malaria preventive measure’ and all other respondents as otherwise.

Independent variable
The independent variable for the study was ‘perceived severity of malaria’. The survey variable
used was whether respondents agreed or disagreed (or responded ‘do not know’) to the statement
‘every case of malaria can potentially lead to death’ (National Population Commission & ICF,
2019). The study hypothesized that respondents who agreed that malaria could potentially lead
to death would adopt malaria preventive measures.
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Control variables
Control variables were identified and selected from the dataset based on the literature and their
availability in the female dataset and included respondent’s age, education level, marital status,
whether they had a child under 5 years, employment status, religion, rural–urban place of resi-
dence, household wealth and region of residence.

Analysis

Analyses were conducted using STATA version 14. The variables were first cleaned and re-coded
to create the final respondent sample of 40,693 women. Assumptions of multicollinearity were
tested for, and no violations were observed; all independent variables in the models had variance
inflation factors (VIFs) values of less than 3, which is far less than the cut-off value of 10
(see Table 1).

The svyset command was used to set the analytical environment to account for the two-stage
sampling methodology (sampling weight, stratification and the primary sample units) of the
NDHS. Frequency and percentages were used to describe the sample. Poisson regression was used
to test the study hypothesis using bivariable and multivariable analyses. Poisson regression was
used to estimate prevalence ratios because the proportion of the outcome of interest exceeded 12%
(Barros & Hirakata, 2003; Zou, 2004; Santos et al., 2008; Zou & Donner, 2013). In such situations,
prevalence ratios should be reported instead of the frequently reported odds ratio; it has been
proven that the use of odds ratios biased the coefficients showing strength and direction of sta-
tistical relationships and the confident intervals and standard errors (Barros & Hirakata, 2003;
Zou, 2004; Santos et al., 2008; Zou & Donner, 2013).

Results
Characteristics of respondents by their use of treated bed nets

Table 2 presents the demographic and socioeconomic characteristics of the respondents by
whether they slept under an LLIN the night before the survey. About 48% of respondents slept
under LLINs the night before the survey. About 34% disagreed that malaria could lead to death.

Table 1. Multicollinearity statistics of the variables in the study models

Full Model Urban Model Rural Model

Independent variable VIF 1/VIF VIF 1/VIF VIF 1/VIF

Malaria can lead to death 1.01 0.990535 1.01 0.986939 1.01 0.988295

Has child under 5 years 1.29 0.772799 1.26 0.792788 1.31 0.763548

Age 1.6 0.626466 1.48 0.675129 1.81 0.552471

Education level 2.02 0.495132 1.98 0.505154 1.5 0.666973

Marital status 1.85 0.539314 1.69 0.590697 2.11 0.474416

Employment status 1.1 0.910853 1.1 0.907664 1.11 0.900271

Religion 1.31 0.763517 1.42 0.702679 1.2 0.834643

Rural–urban place of residence 1.39 0.719646

Household wealth 2.01 0.497795 1.6 0.623605 1.34 0.745936

Region of residence 1.21 0.825977 1.17 0.852534 1.14 0.880199

Mean VIF 1.48 1.41 1.39
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Table 2. Distribution of characteristics of respondents by whether they reported sleeping under a long-lasting insecticide-
treated net (LLIN) the night before the survey

Slept under LLIN

N (%)a No (%)b Yes (%)b

Total 40,693 52.38 47.62

Malaria can lead to death p≤ 0.001

Yes 27,023 (66.4) 51.11 48.89

No 13,670 (33.6) 54.90 45.10

Age (years) p≤ 0.001

15–19 8038 (19.8) 58.06 41.94

20–24 6648 (16.3) 48.61 51.39

25–29 7118 (17.5) 48.78 51.22

30–34 6055 (14.9) 50.62 49.38

35–39 5352 (13.2) 54.16 45.84

40–44 3850 (9.5) 54.46 45.54

45–49 3631 (8.9) 51.93 48.07

Education level p≤ 0.001

No education 14,274 (35.1) 36.92 63.08

Primary 5883 (14.5) 52.33 47.67

Secondary 15,998 (39.3) 62.70 37.30

Higher 4538 (11.2) 64.74 35.26

Relationship status p≤ 0.001

Never in union 10,042 (24.7) 68.69 31.31

Currently in union/living with a man 28,546 (70.2) 45.98 54.02

Formerly in union/living with a man 2106 (5.2) 61.50 38.50

Has child under 5 years p≤ 0.001

No 19,219 (47.2) 61.79 38.21

Yes 21,474 (52.8) 43.97 56.03

Employment status p≤ 0.001

Not employed 12,783 (31.4) 48.94 51.06

All year 21,108 (51.9) 54.60 45.40

Seasonal/occasional 6802 (16.7) 51.97 48.03

Religion p≤ 0.001

Traditionalist/other 231 (0.6) 56.12 43.88

Catholic 4197 (10.3) 64.48 35.52

Other Christian 14,367 (35.3) 65.12 34.88

Islam 21,897 (53.8) 41.67 58.33

Place of residence p≤ 0.001

Urban 18,577 (45.7) 62.58 37.42

Rural 22,116 (54.4) 43.82 56.18

(Continued)
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About 49% of the women who agreed that malaria could lead to death slept under LLINs, com-
pared with 45% of those who disagreed. Women in the 20–24 (51.39%) and 25–29 (51.22%) age
categories had higher proportions of those sleeping under LLINs the previous night than women
in other age groups. Surprisingly, more women with no formal education (63.08%) slept under
LLINs the previous night compared with those with some formal education (less than 50%).
Women living in rural areas were more likely to have slept under LLINs the previous night
(56.18%) than their urban counterparts (37.42%). All the analysed socio-demographic variables
were significantly associated with the outcome. Details of the remaining statistics are shown in
Table 2.

Regression analysis of perceived malaria severity by use of treated bed nets

Women who perceived that malaria could lead to death had a higher likelihood of sleeping under
LLINs the previous night in the urban, rural and combined samples (Table 3). After adjusting for
other socio-demographic variables, the association between perceived malaria severity and use of
LLINs was only significant for rural women (APR=0.964, 95% CI: 0.933, 0.996) (Table 3). The
results unexpectedly suggest that, holding the effect of all other variables in the model constant,
rural Nigerian women who perceived malaria to be severe (and could lead to death) had a lower
likelihood of adopting a malaria-preventive measure compared with those who did not perceive
malaria to be severe (Table 3).

Rural–urban variations were observed in the relationship between socio-demographic variables
and the use of LLINs. Women’s age was significantly associated with sleeping under an LLIN in
urban areas but not in rural areas. In the urban sample, compared with 15- to 19-year-old women,
women who belonged to an older age group (except 20–24 years and 45–49 years) were signifi-
cantly less likely to sleep under an LLIN (Table 3). Although formal education was a significant
factor in both urban and rural models, some differences existed in their contribution to the model.
In the rural model, women who attained a secondary level education or higher were more likely to
use an LLIN. In the urban model, however, only the attainment of a post-secondary education

Table 2. (Continued )

Slept under LLIN

N (%)a No (%)b Yes (%)b

Household wealth p≤ 0.001

Poorest 7032 (17.3) 36.95 63.05

Poorer 7856 (19.3) 40.63 59.37

Middle 8028 (19.7) 48.76 51.24

Richer 8730 (21.5) 61.30 38.70

Richest 9047 (22.2) 69.20 30.80

Region of residence p≤ 0.001

North Central 5825 (14.3) 56.60 43.40

North East 6479 (15.9) 50.08 49.92

North West 12,008 (29.5) 26.71 73.29

South East 4762 (11.7) 68.31 31.69

South South 4762 (11.6) 71.11 28.89

South West 6914 (17.0) 71.87 28.13

aColumn percentage reported.
bRow percentage reported.
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Table 3. Perceived malaria severity regressed on the use of long-lasting insecticide-treated nets and controlled for socio-demographic variables

Full sample Urban Rural

PR [95% CI] APR [95% CI] PR [95% CI] APR [95% CI] PR [95% CI] APR [95% CI]

Malaria can lead to death

No (Ref.)

Yes 1.084***
[1.045, 1.125]

0.992
[0.963, 1.023]

1.197***
[1.118, 1.282]

1.046
[0.981, 1.115]

1.050*
[1.009, 1.092]

0.964*
[0.933, 0.996]

Age (years)

15–19 (Ref.)

20–24 1.225***
[1.173, 1.280]

0.988
[0.944, 1.034]

1.196***
[1.090, 1.311]

0.933
[0.842, 1.033]

1.225***
[1.170, 1.282]

1.025
[0.980, 1.073]

25–29 1.221***
[1.167, 1.277]

0.964
[0.920, 1.009]

1.225***
[1.115, 1.345]

0.880*
[0.787, 0.984]

1.221***
[1.165, 1.279]

1.013
[0.970, 1.057]

30–34 1.177***
[1.124, 1.234]

0.940*
[0.895, 0.987]

1.255***
[1.146, 1.375]

0.885*
[0.789, 0.994]

1.159***
[1.103, 1.218]

0.970
[0.924, 1.019]

35–39 1.093***
[1.042, 1.147]

0.906***
[0.863, 0.952]

1.107*
[1.017, 1.205]

0.811***
[0.727, 0.904]

1.114***
[1.054, 1.178]

0.968
[0.918, 1.021]

40–44 1.086**
[1.030, 1.145]

0.898***
[0.851, 0.948]

1.063
[0.956, 1.182]

0.795***
[0.695, 0.910]

1.100***
[1.043, 1.161]

0.959
[0.912, 1.009]

45–49 1.146***
[1.090, 1.205]

0.993
[0.940, 1.049]

1.211***
[1.103, 1.330]

0.943
[0.829, 1.071]

1.120***
[1.060, 1.183]

1.014
[0.957, 1.074]

Education level

No education (Ref.)

Primary 0.756***
[0.723, 0.790]

1.052*
[1.009, 1.096]

0.744***
[0.680, 0.813]

1.059
[0.974, 1.152]

0.815***
[0.777, 0.855]

1.045
[0.998, 1.095]

Secondary 0.591***
[0.565, 0.619]

1.066**
[1.020, 1.115]

0.621***
[0.568, 0.678]

1.067
[0.983, 1.158]

0.665***
[0.629, 0.703]

1.072**
[1.019, 1.127]

Higher 0.559***
[0.517, 0.604]

1.153***
[1.074, 1.237]

0.638***
[0.565, 0.720]

1.159**
[1.047, 1.284]

0.598***
[0.536, 0.668]

1.144**
[1.047, 1.250]

(Continued)
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Table 3. (Continued )

Full sample Urban Rural

PR [95% CI] APR [95% CI] PR [95% CI] APR [95% CI] PR [95% CI] APR [95% CI]

Relationship status

Never in union (Ref.)

Currently in union/living with a man 1.725***
[1.648, 1.806]

1.423***
[1.348, 1.502]

1.572***
[1.461, 1.690]

1.479***
[1.324, 1.653]

1.668***
[1.580, 1.761]

1.390***
[1.307, 1.478]

Formerly in union/living with a man 1.229***
[1.139, 1.327]

1.223***
[1.131, 1.322]

1.236***
[1.102, 1.387]

1.239**
[1.082, 1.419]

1.198***
[1.089, 1.318]

1.232***
[1.114, 1.363]

Has child under 5 years

No (Ref.)

Yes 1.466***
[1.417, 1.518]

1.123***
[1.085, 1.163]

1.499***
[1.409, 1.596]

1.214***
[1.126, 1.308]

1.347***
[1.300, 1.395]

1.069***
[1.033, 1.106]

Employment status

Not employed (Ref.)

All year 0.889***
[0.859, 0.920]

1.014
[0.984, 1.045]

0.918**
[0.864, 0.975]

0.996
[0.940, 1.056]

0.927***
[0.894, 0.962]

1.018
[0.984, 1.053]

Seasonal/occasional 0.941*
[0.896, 0.988]

0.978
[0.937, 1.021]

1.040
[0.955, 1.133]

1.090*
[1.005, 1.182]

0.849***
[0.802, 0.899]

0.943*
[0.898, 0.991]

Religion

Traditionalist/other (Ref.)

Catholic 0.809
[0.553, 1.185]

1.018
[0.842, 1.231]

1.001
[0.637, 1.572]

1.001
[0.652, 1.536]

0.864
[0.577, 1.294]

1.061
[0.856, 1.315]

Other Christian 0.795
[0.545, 1.158]

1.042
[0.869, 1.251]

1.055
[0.671, 1.659]

1.170
[0.758, 1.805]

0.783
[0.526, 1.166]

0.988
[0.810, 1.205]

Islam 1.329
[0.910, 1.941]

1.022
[0.852, 1.227]

1.580*
[1.011, 2.469]

1.112
[0.717, 1.726]

1.308
[0.877, 1.950]

1.010
[0.827, 1.233]

(Continued)
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Table 3. (Continued )

Full sample Urban Rural

PR [95% CI] APR [95% CI] PR [95% CI] APR [95% CI] PR [95% CI] APR [95% CI]

Place of residence

Urban (Ref.) — —

Rural 1.501***
[1.421, 1.586]

1.100***
[1.044, 1.159]

— —

Household wealth

Poorest (Ref.)

Poorer 0.942*
[0.894, 0.992]

0.986
[0.938, 1.036]

0.983
[0.857, 1.127]

0.965
[0.848, 1.098]

0.947
[0.895, 1.003]

0.977
[0.926, 1.031]

Middle 0.813***
[0.765, 0.863]

1.009
[0.955, 1.066]

0.824*
[0.697, 0.974]

0.878
[0.766, 1.006]

0.868*** [0.812, 0.928] 1.035
[0.976, 1.099]

Richer 0.614***
[0.570, 0.661]

0.890***
[0.831, 0.954]

0.663***
[0.555, 0.791]

0.793**
[0.689, 0.914]

0.687***
[0.630, 0.748]

0.946
[0.873, 1.025]

Richest 0.489***
[0.448, 0.532]

0.776*** [0.710, 0.849] 0.564***
[0.472, 0.675]

0.731***
[0.626, 0.855]

0.483***
[0.418, 0.559]

0.773***
[0.677, 0.884]

Region of residence

North Central 1.543***
[1.390, 1.713]

1.358*** [1.226, 1.505] 1.503***
[1.288, 1.753]

1.452***
[1.244, 1.696]

1.091
[0.959, 1.242]

1.062
[0.941, 1.198]

North East 1.775***
[1.595, 1.975]

1.517***
[1.365, 1.685]

1.789***
[1.529, 2.092]

1.711***
[1.467, 1.995]

1.223**
[1.073, 1.395]

1.186**
[1.047, 1.343]

North West 2.606***
[2.375, 2.859]

2.199***
[1.998, 2.421]

2.574***
[2.281, 2.905]

2.393***
[2.107, 2.717]

1.817***
[1.617, 2.042]

1.723***
[1.538, 1.930]

South East 1.127
[0.991, 1.281]

1.094
[0.957, 1.252]

1.322***
[1.129, 1.548]

1.306**
[1.092, 1.562]

0.687***
[0.595, 0.795]

0.707***
[0.614, 0.815]

South South 1.027
[0.905, 1.165]

0.978
[0.867, 1.103]

1.117
[0.934, 1.337]

1.128
[0.946, 1.346]

0.699***
[0.595, 0.821]

0.731***
[0.628, 0.851]

South West (Ref.)

(Continued)
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Table 3. (Continued )

Full sample Urban Rural

PR [95% CI] APR [95% CI] PR [95% CI] APR [95% CI] PR [95% CI] APR [95% CI]

Model details

No. strata 74 37 37

No. observations 40,693 16,506 24,187

Population size 40,634.438 18,550 22,084

No. PSUs 1389 576 813

Design df 1315 539 776

F(28, 1288)= 58.35 F(27, 513)= 28.04 F(27, 750)= 39.17

Prob >F 0.0000 0.0000 0.0000

Exponentiated coefficients; 95% confidence intervals in brackets.
*p<0.05; **p<0.01; ***p<0.001.
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status was positively associated with sleeping under an LLIN (Table 3). Also, marital status and
having an under-5 child were positively associated with sleeping under an LLIN in both urban and
rural models, but with slightly different effects (Table 3). The effect of being currently married
or formerly married or having an under-5 child was slightly higher among urban women than
rural women. Compared with unemployed women, women who were seasonally or occasionally
employed were significantly more likely to sleep under an LLIN in urban areas but less likely to
sleep under an LLIN in rural areas (Table 3). Household wealth was negatively associated with
sleeping under LLINs in both urban and rural areas, but with some differences. Belonging to the
richer or richest households was negatively associated with using an LLIN compared with the
poorest households (Table 3). In rural areas, however, belonging to only the richest households
was negatively associated with the use of LLINs. Region of residence was also significantly asso-
ciated with the use of LLINs, but with rural–urban variation. Compared with the South West
region of Nigeria, the prevalence of women’s use of LLINs was significantly higher in urban than
rural areas of North Central, North East, North West and South East (Table 3). For urban women,
residing in the South South region was not significantly associated with the use of LLINs. For rural
women, residing in the South East or South South region was significantly associated with a lower
likelihood of using the LLINs. Religion was not a significant contributor to either the urban or
rural models (Table 3).

Discussion
By applying the Social Determinants of Health (SDH) framework and Health Belief Model
(HBM), this study sought to examine the rural–urban dimensions of the perception of malaria
severity and practice of malaria preventive measures using the 2018 Nigeria Demographic and
Health Survey dataset. Almost half (49%) of the surveyed women who had the perception that
malaria could lead to death slept under long-lasting insecticide-treated nets (LLINs) the night
before the survey. Multiple reasons for non-use of LLINs, including discomfort due to heat
and difficulty in hanging up the nets, have been reported elsewhere (Adebayo et al., 2014).
Women’s likelihood of sleeping under an LLIN the night before the survey was significantly asso-
ciated with their age, education level, marital status, having a child under 5 years, employment
status, religion, place of residence (urban/rural), household wealth and region of residence.
Although the perception of severe malaria leading to death was significantly higher, compared
with the perception of severe malaria not leading to death, across both urban and rural residence,
adjusting for the above socio-demographic factors resulted in significant rural–urban differences.

The study found that Nigerian women’s perception of the severity of malaria influences their
use of LLINs differently in urban compared with rural areas. Specifically, having the perception
that malaria could lead to death had no association with the use of LLINs in urban areas. In rural
areas, however, agreeing that malaria could lead to death had an association with a lower likeli-
hood of using LLINs. A qualitative exploration is therefore needed to understand why severity did
not seem to increase the likelihood of treated bed net use in rural setting. Certain haemoglobi-
nopathies such as sickle cell anaemia variously reduce the risk of developing malaria syndromes
(Taylor et al., 2012). These haemoglobinopathies, which are also common among Nigerians, are
highly prevalent in some human populations that are/were currently or historically exposed to the
malaria parasite P. falciparum. For example, with a sickle haemoglobin (HbS) carrier prevalence of
25% to 40%, Nigeria bears the greatest burden of sickle cell disorder worldwide (Adewoyin et al.,
2019). Therefore, these haemoglobinopathies may affect the perceived severity of malaria and use
of preventive measures in Nigeria. From the perspective of the HBM alone, perceived severity of
malaria is positively associated with the use of LLINs. However, after accounting for other socio-
demographic factors in line with the SDH framework, the positive relationship observed in the
bivariable model changed into negative, indicating that perceived severity has a negative
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relationship with the use of LLINs. Due to their unavailability in the dataset, it was not possible to
control for variables that mimic the other components of the HBM (perceived susceptibility, per-
ceived benefits, cues to action and self-efficacy). Therefore, it was impossible to conclude that the
HBM alone was sufficient to understand the observed phenomenon. Generally, the observed
rural–urban dichotomy in the influence of perceived severity of malaria on the use of the
LLINs for sleep underscores the need to account for contextual implications in designing policies
that influence people’s health beliefs and behaviours. Furthermore, as intimated in the SDH
framework, people’s health practices and health literacies are influenced by where they live
and work (World Health Organization, 2010; Committee on Educating Health Professionals
to Address the Social Determinants of Health et al., 2016). Therefore, this rural–urban difference
would have been lost if the study did not account for it, which has been a frequent practice in
similar public health publications, in addition to their lack of control for the severity of malaria
(Ameyaw et al., 2020). Thus, the results also have lessons for data analysts using nationally rep-
resentative data. They suggest that observation of a significant association, or lack of it, in studies
that fail to account for the rural–urban divide may present an incomplete picture for
policymakers.

Women’s age was found to be significantly associated with the use of LLINs, but with a rural–
urban effect. Whereas age was a significant factor in the association in urban areas, it was not
significant in rural areas. In urban areas, however, women who were older than the 15–24 years
group had a lower likelihood of using LLINs. This suggests that adolescent and younger adult
women in urban areas were more likely to use LLINs. This finding supports those of similar pre-
vious studies on the age–LLIN use association (Ameyaw et al., 2020) but contradicts the findings
of others (Singh et al., 2013). Most young women (15–24 years) in urban areas may be in higher
education institutions and may require LLINs to protect themselves from mosquito bites in their
rented accommodation (Kudom & Mensah, 2010). Nevertheless, it is important to note that
malaria can have a devastating impact on the health of women as they age. Compared with their
older counterparts, younger women are more likely to use LLINs, and this may affect the drive for
malaria prevention and elimination in Nigeria. Younger women constitute a large part of the pop-
ulation, are caregivers of under-five children, and in early child-bearing age (Babalola et al., 2019).
Malaria preventive measures, in line with universal and continuous mass LLIN distribution cam-
paigns targeting the entire population, should be intensified.

Despite formal education being significant in both urban and rural models, there were some
differences in their contributions to the model. In the rural model, women who attained a
secondary level education or higher were more likely to use LLINs, while this association was only
significant in women with post-secondary education status in the urban setting. Although the
rural–urban differences in education may not be explicitly explained, it is well-known that the
opportunity for higher education is greater in urban than in rural areas, so post-secondary edu-
cation may serve as a baseline qualification for most people. The role of education in influencing
health behaviours is well-documented (Hahn & Truman, 2015; Shimaponda-Mataa et al., 2017;
Oladimeji et al., 2019), as is its role in increasing the likelihood that households purchase or own
LLINs (Deressa & Ali, 2009), since education and information are important drivers for change
(Ezire et al., 2015). Previous studies have indicated a positive association between education on the
life history of mosquitoes and on the mechanism of control strategies with the use of LLINs
(Kudom & Mensah, 2010). In contrast, other studies have reported a negative association
(Adebayo et al., 2014). Therefore, policymakers need to invest significantly in educating the gen-
eral population at least to the secondary level. Tuition-free education such as the Free Secondary
Education policy implemented in the neighbouring country of Ghana could be adopted and/or
adapted, and it needs the commitment of policymakers since such policy requires more resources.

The study found that women who were currently married or formerly married or who had
under-5 children were more likely to sleep under net among urban women than rural women.
Generally, being married or having a partner or having under-5 children seems to be associated
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with positive health behaviours such as the use of LLINs at night. Previous studies have found a
protective association between marital status and health-seeking behaviours (Umberson, 1992;
Robards et al., 2012; Hilz & Wagner, 2018). Conversely, unmarried women may lack spousal sup-
port and be disadvantaged in access to resources compared with their married counterparts
(Nkoka et al., 2019). Under-5 children, especially those being breastfed, have a higher likelihood
of sharing a bed with their parents, thereby increasing the chances of both the woman and the
child sleeping under an LLIN (Auta, 2012). Women who are currently or formerly married are
more likely to be pregnant and to have an under-5 child compared with those who had never been
in a union. Specifically, urban women have more access to health care facilities and antenatal serv-
ices providing peri-natal services, including education on LLIN use. The availability of LLIN dis-
tribution and/or sales points, and other factors such as marital status, may favour urban women.
Policymakers may need to consider implementing couple-friendly interventions to improve LLIN
uptake among rural women, as well as never-in-union women.

Compared with unemployed women, women who were seasonally or occasionally employed
were significantly more likely to sleep under LLINs in urban areas but less likely to sleep under
LLINs in rural areas. Generally, women who are seasonally or occasionally employed are more
likely to have the economic power to purchase or own an LLIN than unemployed women.
However, it is difficult to explain the rural–urban differences existing among seasonally or occa-
sionally employed women. This calls for further studies, particularly qualitative studies, to explain
the differences. More importantly, government and non-governmental organizations in Nigeria
must adopt policies and programmes that encourage integrating malaria preventive measures into
existing work benefits and structures.

The study found that household wealth was negatively associated with sleeping under an LLIN
in both urban and rural areas, but with some differences. Belonging to the richer or richest house-
holds among urban women was negatively associated with using an LLIN. In rural areas, however,
belonging to only the richest households was negatively associated with the use of the LLINs.
In other words, richer people were less likely to use LLINs. Generally, rich households can provide
decent houses that are well-fitted with mosquito nets for doors and windows and application of
mosquito repellent formulae or insecticides to prevent mosquito bites, thereby reducing their need
to use LLINs. Also, women from wealthy households usually reside in environments that hinder
mosquito breeding, unlike their poor counterparts (Adedokun & Uthman, 2020). Therefore,
urban women who are from richer or richest households may benefit from the protective associ-
ation between household wealth and well-fitted, mosquito bite-preventive accommodation.
However, regardless of the direction of the association, there is a need for the government
and/or policymakers to increase efforts towards LLIN distribution mechanisms that accommodate
socioeconomic differences in LLIN uptakes and use. The Nigerian government should implement
pro-poor policy interventions and/or decent accommodation systems to improve rural–urban
equity in ownership of decent housing, with the associated benefit of well-fitted door and window
nets, as part of malaria preventive measures.

The study found region of residence to be significantly associated with the use of LLINs, but
with a rural–urban difference. Previous studies in Nigeria have indicated that region of residence
is the most significant predictor of LLIN use due to the heterogenous transmission of malaria
across the country (Andrada et al., 2019). Different studies have reported ownership of LLINs
to be either low (Eteng et al., 2014; Alawode et al., 2019) or high (Tobin-West & Alex-Hart,
2011) in urban areas in Nigeria, and this could explain why this study found women in urban
regions to have either high or low prevalences of LLIN use. Compared with the SouthWest region,
the North Central, North East, North West and South East regions had significantly higher prev-
alence estimates of women’s LLIN use in urban than rural areas. Previous studies have indicated
that northern Nigeria generally has a significantly higher incidence of malaria, and number of new
malaria cases, than southern Nigeria, possibly due to poor health care access and public health
services in some areas of the north and the impact of the Rivers Niger and Benue, and even urban
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agricultural development that involves irrigation (Okunlola & Oyeyemi, 2019). Therefore, people
in northern Nigeria are more likely to use LLINs than their southern counterparts. Indeed,
Okunlola and Oyeyemi (2019) reported greater coverage of LLINs in the North East region.
Although it appeared to be the rainy season in the south and the dry season in the north of
the country during the data collection, this study’s findings suggest that the seasonality of data
collection may have little or no impact on LLIN use. It is expected that, during the rainy period,
there will be increased breeding of mosquitoes, high exposure to malaria and a resultant, expected
increase in the use of LLINs. However, these findings do not suggest an increased use of LLINs in the
south, thereby suggesting that other factors may be at play beyond the season of data collection.

Regarding the higher use of LLINs among urban than rural women, poor health service
delivery, lack of access and lack of health professionals posted to rural areas widen the gap for
LLIN use sensitization and a resultant low use of LLINs in rural areas (Okunlola & Oyeyemi,
2019). This study observed no significant association between religion and rural–urban residence.
Therefore, there is no need for policymakers to devise interventions based on religion. However,
further studies may consider regional analyses of this association to identify if there is any sub-
national masking.

The main strengths of this study were that is was based on a large, nationally representative
survey (2018 NDHS) and used standardized, analytic methodology. This means that the findings
can be generalized to the entire population. Also, it employed complex sample analyses in
accounting for sampling units and weighting. In addition, it unmasked rural–urban variations
in the perception of malaria severity and the practice of malaria preventive measures in
Nigeria. The main limitations of this study were its use of secondary data and its cross-sectional
design. Therefore, causal relationships could not be inferred between the predictors and the out-
come variables. It was also restricted to variables available in the NDHS data. Also, the NDHS data
were collected in a predominantly rainy period in the south and dry period in the north of Nigeria,
and these differences in seasonality could possibly have affected the results.

In conclusion, the study found that about 48% of Nigerian women slept under long-lasting
insecticide-treated mosquito nets the night before the 2018 survey. Women who perceived that
malaria could lead to death had a higher likelihood of using a treated bed net in the urban, rural
and combined samples. However, after adjusting for other socio-demographic variables, the
association between respondents’ perceived malaria severity and their use of treated bed nets
was significant for rural Nigerian women only. Rural Nigerian women who perceived malaria
to be severe had a lower likelihood of using treated bed nets. The study observed rural–urban
variations in the relationship between socioeconomic and demographic variables and the use
of treated bed nets. The results have implications for health policymaking towards improving
the use of insecticide-treated bed nets as a malaria preventive measure, taking into consideration
the socioeconomic stratifications of the Nigerian population as explained by the SDH framework,
and by modifying factors, perceived threat (severity and susceptibility), benefits, barriers,
self-efficacy and cues to action as postulated by the HBM. The Federal Government of Nigeria
needs to implement pro-poor policies to improve wealth and educational opportunities across
all regions, rural and urban areas as well as devise couple-friendly and employment-oriented strat-
egies for malaria prevention.
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