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Abstract 

Introduction  Malaria remains a significant public health challenge among pregnant women in sub-Saharan Africa 
(SSA). Proper use of insecticide-treated nets (ITNs) is a key intervention for malaria; however, their utilisation remains 
low and suboptimal in high-burden countries. Investigation of correlates of use of ITNs among pregnant women 
in only high-burden malaria countries SSA are dearth. This study aimed to identify the pooled prevalence and factors 
associated with ITNs use among pregnant women in seven malaria high-burden countries in SSA.

Methods  Secondary analysis of recent (2017–2021) Malaria Indicator Survey (MIS) data from seven malaria high-
burden countries in SSA was utilised. Women aged 15–49 years, who were pregnant during the survey, were 
included in this study, resulting in a pooled sample size of 4950 women. Pooled prevalence of ITN use was obtained 
through the use of proportions, with a 95% confidence interval (CI). A multilevel mixed-effect logistic regression 
model was run to obtain factors associated with ITNs use among pregnant women at 5% level of significance. Data 
analysis was done in Stata v17.0 and R 4.5.0.

Findings  The pooled prevalence of ITNs use among these countries was 63.8 [95% CI 61.8, 65.9], low in Ghana 
(49.2%) and high in Niger (90.5%). Having a primary level of education [aOR = 1.36, 95% CI 1.21, 1.53] compared 
to those with no formal education, having given birth to one to two children [aOR = 1.24, 95% CI 1.06, 1.44] com-
pared to those with no births yet were associated with higher odds of ITN use. 14% of the total variation in ITN use 
was attributable to differences between countries [intra-cluster correlation (ICC) = 0.14, 95% CI 0.06, 0.20] and 32% 
of the variation in ITN use within countries is attributed to differences between regions [ICC = 0.32, 95% CI 0.21, 0.46].

Conclusions  The prevalence of ITN use was suboptimal, and socio-demographic and household factors are associ-
ated with ITN use among pregnant women, with substantial in-country variation underscoring the role of regional 
context in ITN utilization. These findings suggest that beyond individual and household determinants, local 
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Introduction
Malaria remains one of the most significant public 
health challenges globally, with sub-Saharan Africa 
(SSA) bearing the heaviest burden. According to the 
World Health Organisation (WHO) World Malaria 
Report 2024, an estimated 263 million malaria cases 
were reported globally in 2023, with SSA accounting for 
95% of all cases and 96% of malaria-related deaths [1]. 
Pregnant women are among the most affected groups 
due to both biological and social vulnerabilities. While 
biological factors such as immune modulation and 
placental parasite sequestration increase susceptibil-
ity to infection and malaria complications [2–4], social 
determinants play a critical role in exposing pregnant 
women to malaria. For example, limited access to pre-
ventive interventions, such as insecticide-treated nets 
and intermittent preventive treatment [5], gender ine-
quality in decision-making [6], and low socioeconomic 
status [7] can reduce women’s ability to protect them-
selves effectively. In rural and low-income settings, 
poor housing conditions, inadequate access to antena-
tal care, and dependence on subsistence livelihoods fur-
ther heighten exposure risks [8]. In addition, women’s 
caregiving and domestic responsibilities often increase 
their time outdoors during peak mosquito biting hours 
[9–11], compounding their risk of infection. Malaria 
during pregnancy (MiP) is associated with significant 
adverse outcomes, including maternal anaemia, placen-
tal malaria, intrauterine growth restriction, low birth 
weight, preterm delivery, and increased neonatal mor-
tality [12, 13]. These effects not only threaten maternal 
and child health but also strain healthcare systems and 
contribute to the cycle of poverty in households and the 
affected regions [14, 15].

One of the most effective and widely promoted strat-
egies for preventing malaria in pregnancy is the use of 
insecticide-treated nets (ITNs) [16, 17], which creates 
a physical barrier against malaria-carrying mosqui-
toes, protecting both the mother and the unborn child 
from infection. ITNs have been shown to significantly 
reduce malaria transmission, morbidity, and mortal-
ity, particularly when used consistently and correctly 
[17, 18]. WHO recommends that all individuals living 
in malaria-endemic areas, including pregnant women, 
sleep under ITNs every night [19]. Despite widespread 
campaigns and large-scale distribution programs across 

SSA, coverage and actual utilisation of ITNs remain 
suboptimal in many high-malaria burden settings [20].

Several studies have explored factors influencing ITN 
ownership and use among pregnant women, identifying 
determinants, such as education level, socio-economic 
status, household composition, number of children, 
and urban versus rural residence [21–23]. For instance, 
multi-country studies such as Terefe et  al. (2023) [24] 
and Demoze et  al. (2024) [25] examined ITN use in 
East African countries, while Ameyaw (2021) [8] inves-
tigated use of ITNs among pregnant women in 21 SSA 
countries, including low-burden malaria countries like 
Rwanda. While these studies provide valuable insights, 
their scope include diverse malaria burden contexts, 
which may dilute findings relevant to high-burden set-
tings, where malaria remains a leading cause of morbid-
ity and mortality among pregnant women. Furthermore, 
existing research frequently lacks comparative analyses 
that account for regional and contextual disparities, such 
as variations in health system infrastructure or cultural 
practices, limiting the applicability of findings to tailored 
malaria control strategies in high burden countries. he 
current study addresses this gap by focusing exclusively 
on malaria high-burden countries that adopt country-
led malaria control initiatives guided by World Health 
Organisation (WHO) [26]. This focus is critical, because 
these countries face unique challenges, including strained 
health systems and high disease prevalence, requiring 
targeted, context-specific interventions. By emphasizing 
country-led approaches, this study aligns with WHO’s 
Global Malaria Programme, which prioritizes national 
ownership and adaptation of strategies to local epidemi-
ology and resources, thereby offering insights that can 
enhance the effectiveness of malaria control policies in 
the most affected regions.

Recognising the continued burden of malaria in spe-
cific countries, the WHO launched the High Burden to 
High Impact (HBHI) initiative in 2018 to drive intensi-
fied efforts in 11 countries that collectively account for 
over 70% of the global malaria burden [26]. Seven of 
these countries are in SSA: Nigeria, Burkina Faso, Ghana, 
Mozambique, Niger, Uganda, and Tanzania (Fig.  1). 
These countries share commonalities in disease burden 
but vary in geography, health infrastructure, and socio-
cultural factors influencing health behaviours. Under-
standing ITN use among pregnant women in these HBHI 

and regional contexts play a critical role in shaping ITN usage patterns. Interventions should, therefore, be tailored 
not only to socio-demographic profiles but also to regional and local disparities in access, awareness, and implemen-
tation effectiveness.
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countries is thus essential for informing targeted inter-
ventions and optimising the impact of malaria preven-
tion programs. These countries share a common model 
for malaria control program, that focuses on strengthen-
ing political will, improve strategic information to guide 
action, and implement better policies. One of the many 
programs implemented in these countries is distribu-
tion of ITN especially in vulnerable populations, such 

as pregnant women through periodic mass distribution 
campaigns, distribution at health facilities during ante-
natal and immunisation visits, community outreach pro-
grams, and provisions for sale on open market, in shops, 
private hospitals and pharmacies [27–32].

Despite strategic importance of ITN use, there is lim-
ited comparative and pooled evidence on the prevalence 
and predictors of ITN use among pregnant women across 

Fig. 1  Map of selected African countries included in the study
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HBHI countries in SSA. Previous studies have largely 
focused on individual countries and have not adequately 
addressed broader regional patterns or contextual influ-
ences [8, 33, 34]. This gap in the literature constrains 
efforts to develop integrated and scalable approaches for 
improving ITN use, where it is needed most. This current 
study aimed to fill this gap by examining the pooled prev-
alence of ITN use among pregnant women in seven high-
burden countries in sub-Saharan Africa, identify factors 
associated with utilisation and examine the extent of 
variations in ITN use among pregnant women between 
and within countries. Combining data from these coun-
tries in a pooled analysis enhances understanding of ITN 
use and generalizability across SSA by increasing sample 
size for greater statistical power, and providing a more 
robust basis for developing targeted interventions and 
national policies to improve ITN utilization. This allows 
for more reliable conclusions than single country stud-
ies, reveals country disparities in ITN use, and informs 
tailored strategies for malaria elimination. By leveraging 
recent Demographic and Health Survey (DHS) data and 
applying multilevel analytic methods, the study provides 
critical insights to inform targeted and equitable malaria 
prevention strategies across the region.

Data source and study population
The study utilized recent malaria indicator surveys (MIS) 
from seven high burden to high impact malaria coun-
tries, that is, Burkina Faso (November 2017–March 
2018), Ghana (September–November 2019), Nigeria 
(2021), Niger (August–October 2021), Mozambique 
(March–July 2018), Tanzania (2017) and Uganda (2018–
19) (Fig. 1). These surveys were conducted by the coun-
try’s National Bureau of Statistics (NBS) with the support 
of the International Classification of Functioning, Dis-
ability and Health (ICF) through the Demographic and 
Health Survey (DHS) Program [35]. These countries were 
selected, because they are high burden to high impact 
countries, availability of data and representation of sub-
Saharan Africa (SSA), where Eastern (Uganda, Tanza-
nia), Western (Burkina Faso, Ghana, Nigeria, Niger), 
and Southern (Mozambique) (Fig.  1). Two-stage strati-
fied cluster sampling was applied to select clusters (enu-
meration areas), after which households were selected. 
Women aged 15–49  years, within selected households, 
were selected to be part of the sample. The MIS surveys 
are part of the Demographic Health Survey (DHS) pro-
gram that follows standard methods using the women, 
household and biomarkers questionnaires. Detailed sur-
vey procedures for the DHS are found elsewhere, for 
example [36–39]. Pregnant non-refugee women dur-
ing the survey were included in this study, resulting 
in a pooled sample size of 4950 (unweighted) women 

and 4971 (weighted). Pregnant refugee women were 
excluded from this study, because such data existed only 
in Uganda, and we contended that it would not be repre-
sentative enough if included in the study.

The MIS data used in this study were from seven coun-
tries, collected from 2017 up to 2021. The seven coun-
tries represent three SSA regions, East Africa, West 
Africa and South Africa. The weighted sample was used 
to identify the pooled prevalence and factors associated 
with ITN use among pregnant women. The largest sam-
ple size was obtained from Nigeria, 1264 (25.4%), while 
the least was from Ghana, 353 (7.1%). The highest preva-
lence of ITN use was 90.5% in Niger, while Ghana had the 
lowest ITN use, 49.2%. The pooled prevalence was 63.8% 
[95% CI 61.8%, 65.9%]. The regional ITN use showed that 
in Western Africa (Burkina Faso, Ghana, Nigeria, Niger) 
was 61.6% [95% CI 59.1, 64.0], Eastern Africa (Uganda 
and Tanzania) was 61.7% [95% CI 57.4, 65.9], while 
Southern Africa (Mozambique) was 83.2% [95% CI 78.7, 
86.9]. Results are shown in Table 1.

Study variables
The study outcome was ITN use defined as respondent 
having slept under mosquito bed net the previous night 
(Yes/No). The predictor variables included age group of 
the woman (15–19, 20–24, 25–29, 30–34, and 35–49), 
education level of the woman (No education, primary, 
secondary, higher), total number of children ever born 
(no births, 1–2 births, 3–5 births, 6 or more births), 
births in the last 3  years (none, 1–3 births), number of 
children 5 years and under in household (0, 1, 2, 3, 3 or 
more), sex of household head (male, female), number 
of household members (1–3, 4–6, 7 or more), wealth 
index (poorest, poorer, middle, richer, richest), type of 
toilet facility (improved, unimproved), source of drink-
ing water (improved, unimproved), type of place of resi-
dence (urban, rural) and country (Burkina Faso, Ghana, 
Mozambique, Nigeria, Niger, Tanzania, Uganda).

Data analysis
Data analysis was done in three stages. The description of 
sample characteristics was conducted using proportions 
and their 95% confidence intervals. This approach was 
used to estimate the pooled proportion of women sleeping 
under insecticide-treated nets, which is the primary out-
come of the study. The study predictors analyzed by pro-
portions and their 95% confidence intervals included age, 
education level, parity, number of births in the last 3 years, 
number of children under five in the household, sex of the 
household head, number of household members, com-
bined wealth index, type of toilet facility, source of drink-
ing water, type of residence, and country. Cross-tabulations 
were used to examine the distribution of mosquito net use 
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with these predictors. A multilevel mixed-effects logistic 
regression model was fitted for all characteristics, except 
for country. A binary logistic multilevel mixed-effects 
model was fit, because the units of analysis (women) are 
nested within geographical regions (specified sub regions 
in a given country), and these regions were nested within 
countries. As a result, observations within clusters are 
dependent and thus traditional logistic regression model, 
which assume independence of observations, would fail 
to account for varying effects at different levels. Multilevel 
modeling identifies and models group level variations and 
allows for assessment of individual and contextual level fac-
tors simultaneously and offers precise estimates [40]. The 
null model (Model 0) was fitted to check whether insecti-
cide-treated net use varied across grouping variables. The 
second model (Model 1) contained woman-level factors. 
The third model (Model 2) included household-level fac-
tors. The final model (Model 3) contained factors in Model 
1, Model 2 and type of place of residence to identify which 
ones were associated with mosquito net use. The mixed 
effect model used in this study is of the form:

where Y ijk is ITN use (No = 0, Yes = 1) for woman i in 
region j , within a country k , logit

[

P
(

Y ijk = 1
)]

 is the 
log-odds of ITN use for a woman i , Xijk is a vector of 
fixed-effect predictors for woman i in region j , within a 
country k , β is a vector of fixed-effect coefficients of X. 
Zijk is the vector related to random effects for the region, 
Wijk is the vector of random effects for country. uj is 
the vector of random intercepts associated with the j th 
level of region, while vk is the vector of random inter-
cepts associated with k th level of the country. uj and vj 

logit
[

P
(

Y ijk = 1
)]

= Xijkβ + Zijkuj +Wijkvk

are assumed to be normally distributed with mean 0 and 
variance–covariance matrices �u and �v , respectively.

Factors were considered significant if the p value ≤ 0.05. 
Odds Ratios (OR) and their 95% confidence intervals 
(CIs) were presented. The inter-cluster correlation coef-
ficient (ICC) for each model was presented. The Akaike 
information criterion (AIC) was used for model compari-
son. Stata Version 17.0 and R 4.5.0 were utilized in the 
analysis. Survey weights were adjusted for in analysis of 
the data to cater for unequal probabilities of selection, 
non-response bias, for post-stratification adjustments 
and obtain valid population inference [41, 42].

Results
This section presents the pooled prevalence of mosquito 
bed net use in Nigeria, Burkina Faso, Ghana, Mozam-
bique, Niger, Uganda, and Tanzania (malaria high-bur-
den countries) in SSA, sample characteristics (woman 
level, household level, residence and country), the distri-
bution of these characteristics by insecticide-treated nets 
(ITNs) status and factors associated with the use of ITNs.

Socio‑demographic characteristics and pooled prevalence 
of ITN use of pregnant women based on recent MIS data
Among the pregnant women in this study, most of them 
were aged 20–24 years [26.9, 95% CI [25.4, 28.4], with no 
formal education [38.5, 95% CI 36.2, 40.8], who had given 
birth to 1–2 children [33.8, 95% CI 32.2, 35.5]. Most 
women had not had birth 3  years preceding the survey 
[60.9, 95% CI 59.0, 62.7], lived in households with one 
child [35.1, 95% CI 33.3, 37.0], headed by male [88.5, 95% 
CI 87.3, 89.6] with 4–6 members [37.8, 95% CI 36.0, 39.6]. 
Most women came from poorer households [22.0, 95% 

Table 1  Country sample size and prevalence

Source: MIS data

Country Years Unweighted Weighted Weighted prevalence
Count (%) Count (%) %[95% CI]

Burkina Faso 2017–18 622 (12.6) 604 (12.1) 59.4 [54.8, 63.9]

Ghana 2019 364 (7.4) 353 (7.1) 49.2 [43.2, 55.2]

Mozambique 2018 482 (9.7) 510 (10.3) 83.2 [78.7, 86.9]

Nigeria 2021 1192 (24.1) 1264 (25.4) 50.3 [46.6, 54.0]

Niger 2021 662 (13.4) 688 (13.8) 90.5 [87.8, 92.7]

Tanzania 2017 942 (19.0) 896 (18.0) 57.4 [51.9, 62.7]

Uganda 2018–19 686 (13.9) 656 (13.2) 67.5 [61.0, 73.4]

Pooled sample size 4950 4971

Pooled prevalence 63.8 [61.8, 65.9]

Regional prevalence

 Western Africa 61.6 [59.1, 64.0]

 Eastern Africa 61.7 [57.4, 65.9]

 Southern Africa 83.2 [78.7, 86.9]
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CI 20.3, 23.8], had unimproved toilet facilities [56.1, 95% 
CI 53.6, 58.5], and mainly used improved water sources 
[66.4, 95% CI 63.8, 68.8]. Most women were from rural 
areas [75.3, 95% CI 73.0, 77.4], and from Nigeria [25.4, 
95% CI 23.2, 27.7%]. The pooled prevalence of ITN use 
among pregnant women in HBHI countries in SSA was 
63.8% [95% CI 61.8, 65.9]. Of pregnant women who slept 
under the bed net, most were those aged 20–24  years 
[28.0, 95% CI 26.2, 30.0] with no formal education [38.7, 
95% CI 35.9, 41.5], had given birth to one to two children 
[34.6, 95% CI 32.6, 36.7] but had not given birth in the 
last 3 years [59.8, 95% CI 57.5, 62.1].

In addition, most of these women lived in households 
with one child [35.5, 95% CI 33.3, 37.7], in male headed 
households [89.5, 95% CI 88.0, 90.8], with 4 to 6 house-
hold members [38.8, 955 CI 36.6, 40.9], with poorer 
wealth index [22.9, 95% 20.8, 25.1] and unimproved toilet 
facility [57.8, 95% CI 54.9, 60.7]. Significant associations 
between ITN use and woman’s education level (p < 0.001), 
total number of children ever born (p = 0.002), number 
of children 5 and under in household (p = 0.007), sex 
of household head (p = 0.0337), number of household 
members (p < 0.001), type of toilet facility (p = 0.019) and 
country (p < 0.001) were observed. Results are shown in 
Table 2.

Prevalence of ITN use among pregnant women in seven 
malaria‑high‑burden countries in sub‑Saharan Africa 
based on recent MIS data
The results reveal that the prevalence of ITN use among 
pregnant women was 59.4% in Burkina Faso, 49.2% in 
Ghana, 83.2% in Mozambique, 50.3% in Nigeria, 90.5% 
in Niger, 57.4% in Tanzania and 67.5% in Uganda. Results 
are shown in Fig.  2. The pooled prevalence of ITN use 
among these countries was 63.8 [95% CI 61.8, 65.9]. 
Results are shown in Table 2.

Factors associated with insecticide‑treated net use 
among pregnant women in malaria‑high burden countries 
in sub‑Saharan Africa
The factors associated with insecticide-treated net use 
were investigated using a multivariable multilevel mixed-
effects logistic regression model to account for the hier-
archical structure of the data, where pregnant women 
nested within regions, nested within countries and 
allowed for the examination of multiple factors simul-
taneously while controlling for potential confounding 
variables. The results revealed that, those with primary 
education were more likely to use ITN [aOR = 1.36, 95% 
CI 1.21, 1.53] compared to pregnant women with no edu-
cation, while those with secondary education were more 
likely to use ITN compared to those with no education 
[aOR = 1.35, 95% CI 1.14, 1.61]. Women with one to two 

births, compared to those with no births, were more 
likely to use ITN [aOR = 1.24, 95% CI 1.06, 1.44]. Hav-
ing children of 5  years and below in the household was 
positively associated with the use of ITN. In particular, 
those living with two children [aOR = 1.32, 95% CI 1.10, 
1.57] compared to households with no children. Living 
in households headed by females was negatively asso-
ciated with use of ITN among pregnant women in SSA 
[aOR = 0.74, 95% CI 0.58, 0.95] compared to households 
headed by males. The results also revealed that having 
more than four members living in households was nega-
tively associated with ITN use, with [aOR = 0.67, 95% 
CI 0.55, 0.81] for households with 4–6 members, and 
[aOR = 0.38, 95% CI 0.29, 0.50] for households with 7 or 
more members compared to having 1–3 members in a 
household.

The random effects part of the model quantifies the 
variability in ITN use at country and regional levels 
in each country, which is not explained by covariates 
included in the model. Based on the empty model (Model 
0), the variation in ITN use between countries was 0.55 
(SE = 0.25), while the variation in ITN use between 
regions within countries was 0.74 (SE = 0.74). The coun-
try’s intra-cluster correlation (ICC) was [ICC = 0.12, 95% 
CI 0.05, 0.24], suggesting that 12% of the total variation 
in ITN use among pregnant women was attributable to 
differences between countries. The region | country ICC 
[ICC = 0.28, 95% CI 0.19, 0.40], showing that 28% of 
variations in ITN within countries are attributed to dif-
ferences between regions. This shows that there exists 
substantial clustering of ITN use at both regional and 
country levels. The Akaike Information Criterion (AIC) 
for the null model was 5691.41. From Model 4 (final 
model), the results revealed that the variation in ITN use 
between countries was 0.67 (SE = 0.32), while the vari-
ation in ITN use between regions within countries was 
0.87 (SE = 0.20). The country’s intra-cluster cluster cor-
relation (ICC) was [ICC = 0.14, 95% CI 0.06, 0.28], sug-
gesting that 14% of total variation in ITN use among 
pregnant women was attributable to differences between 
countries after controlling for covariates. This might be 
explained by differences in country-level factors such as 
national policies, governance, healthcare systems and 
economic conditions that influence the use of ITN. The 
region within country ICC was [ICC = 0.32, 95% CI 0.21, 
0.46], showing that 32% of variations in ITN use within 
countries is attributed to differences between regions in 
the same country. This higher proportion of variations 
suggests that regional level covariates are more influ-
ential in explaining variation in ITN use than country 
level factors. This implies that where a pregnant woman 
lives in terms of region strongly predicts her ITN use. In 
other words, a grouping of country and regions (within 
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Table 2  Sample distribution of currently pregnant women in seven malaria high-burden to high-impact countries in sub-Saharan 
Africa based on recent MIS data

Overall Slept under the bed net p value

No Yes

Percent [95% CI] Percent [95% CI] Percent [95% CI]

36.2 [34.1, 38.2] 63.8 [61.8, 65.9]

Age groups [Recoded]

 15–19 16.7 [15.4, 18.0] 17.0 [15.0, 19.2] 16.5 [15.0, 18.1] 0.232

 20–24 26.9 [25.4, 28.4] 24.8 [22.4, 27.4] 28.0 [26.2, 30.0]

 25–29 26.0 [24.5, 27.6] 26.8 [24.3, 29.6] 25.5 [23.7, 27.5]

 30–34 16.6 [15.3, 17.9] 17.8 [15.8, 20.1] 15.9 [14.4, 17.4]

 35–49 13.9 [12.8, 15.2] 13.6 [11.7, 15.7] 14.1 [12.7, 15.7]

Highest educational level

 No Education 38.5 [36.2, 40.8] 38.1 [35.0, 41.3] 38.7 [35.9, 41.5]  < 0.001

 Primary 34.7 [32.6, 36.9] 30.3 [27.1, 33.8] 37.2 [34.7, 39.8]

 Secondary 23.2 [21.5, 25.0] 26.0 [23.4, 28.7] 21.6 [19.6, 23.8]

 Higher 3.6 [3.0, 4.4] 5.6 [4.4, 7.2] 2.5 [1.9, 3.3]

Total children ever born [Recoded]

 No births 23.5 [21.9, 25.2] 26.9 [24.2, 29.8] 21.6 [19.8, 23.5] 0.002

 1–2 births 33.8 [32.2, 35.5] 32.5 [29.9, 35.3] 34.6 [32.6, 36.7]

 3–5 births 29.2 [27.7, 30.7] 29.2 [26.7, 31.9] 29.1 [27.4, 31.0]

 6 or more births 13.5 [12.3, 14.8] 11.4 [9.5, 13.5] 14.7 [13.2, 16.3]

Births in last 3 years [Recoded]

 None 60.9 [59.0, 62.7] 62.7 [59.9, 65.4] 59.8 [57.5, 62.1] 0.096

 1–3 Births 39.2 [37.3, 41.0] 37.3 [34.6, 40.1] 40.2 [37.9, 42.5]

Number of children 5 and under in household [Recoded]

 0 Children 28.5 [26.8, 30.2] 29.0 [26.6, 31.6] 28.1 [26.1, 30.3] 0.007

 1 Child 35.1 [33.3, 37.0] 34.4 [31.5, 37.6] 35.5 [33.3, 37.7]

 2 Children 23.7 [22.1, 25.3] 21.3 [19.1, 23.8] 25.0 [23.1, 27.0]

 3 or more 12.8 [11.5, 14.2] 15.2 [12.9, 17.8] 11.4 [10.0, 13.0]

Sex of household head

 Male 88.5 [87.3, 89.6] 86.9 [84.7, 88.8] 89.5 [88.0, 90.8] 0.034

 Female 11.5 [10.4, 12.7] 13.1 [11.3, 15.3] 10.5 [9.2, 12.0]

Number of household members [Recoded]

 1–3 26.3 [24.8, 27.9] 23.1 [20.8, 25.7] 28.1 [26.2, 30.1]  < 0.001

 4–6 37.8 [36.0, 39.6] 36.1 [33.1, 39.2] 38.8 [36.6, 40.9]

 7 or more 35.9 [34.0, 37.9] 40.8 [37.3, 44.3] 33.1 [31.0, 35.3]

Wealth index combined

 Poorest 21.0 [19.2, 22.9] 22.4 [19.8, 25.3] 20.2 [18.2, 22.4] 0.119

 Poorer 22.0 [20.3, 23.8] 20.5 [17.9, 23.4] 22.9 [20.8, 25.1]

 Middle 21.2 [19.6, 23.0] 19.8 [17.4, 22.4] 22.0 [20.0, 24.3]

 Richer 19.2 [17.5, 21.0] 18.9 [16.5, 21.7] 19.3 [17.3, 21.5]

 Richest 16.6 [14.8, 18.6] 18.4 [15.8, 21.2] 15.6 [13.5, 18.0]

Type of toilet facility

 Improved 43.9 [41.5, 46.4] 47.1 [43.6, 50.7] 42.2 [39.3, 45.1] 0.019

 Not Improved 56.1 [53.6, 58.5] 52.9 [49.3, 56.4] 57.8 [54.9, 60.7]

Source of drinking water

 Improved 66.4 [63.8, 68.8] 68.3 [64.8, 71.6] 65.2 [62.2, 68.2] 0.133

 Not Improved 33.7 [31.2, 36.2] 31.7 [28.4, 35.2] 34.8 [31.9, 37.8]

Type of place of residence

 Urban 24.7 [22.6, 27.0] 26.2 [23.2, 29.4] 23.9 [21.4, 26.7] 0.205
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Table 2  (continued)

Overall Slept under the bed net p value

No Yes

Percent [95% CI] Percent [95% CI] Percent [95% CI]

36.2 [34.1, 38.2] 63.8 [61.8, 65.9]

 Rural 75.3 [73.0, 77.4] 73.8 [70.6, 76.8] 76.1 [73.3, 78.7]

Country

 Burkina Faso 12.2 [10.4, 14.1] 13.6 [11.3, 16.4] 11.3 [9.5, 13.4]  < 0.001

 Ghana 7.1 [5.9, 8.5] 10.0 [8.1, 12.2] 5.5 [4.4, 6.9]

 Mozambique 10.3 [8.4, 12.4] 4.8 [3.5, 6.4] 13.4 [11.0, 16.2]

 Nigeria 25.4 [23.2, 27.7] 34.9 [31.4, 38.6] 20.1 [17.8, 22.5]

 Niger 13.8 [11.7, 16.3] 3.6 [2.7, 4.8] 19.6 [16.6, 23.1]

 Tanzania 18.0 [15.9, 20.4] 21.2 [17.6, 25.3] 16.2 [14.1, 18.6]

 Uganda 13.2 [11.2, 15.5] 11.9 [9.1, 15.3] 14.0 [11.8, 16.5]

Source: MIS data

Fig. 2  Prevalence of ITN use among pregnant women in malaria-high-burden to high-impact countries in SSA.  Source: MIS data
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a country) accounts for larger variation in ITN use than 
country alone. This shows that there exists substantial 
clustering of ITN use at both regional and country lev-
els after controlling for different factors. The ITN use 
is not solely dependent on individual level characteris-
tics as variability in ITN use is explained by the country 
and more so, regions within these countries. The Akaike 
Information Criterion (AIC) for the final model was 
5389.48, lower than all the other models, suggesting that 
it was a better fit. Results are presented in Table 3.

Discussion
In this study, we found out that the seven countries had 
differing prevalence on ITN use among pregnant women 
with a 59.4% in Burkina Faso, 49.2% in Ghana, 83.2% in 
Mozambique, 50.3% in Nigeria, 90.5% in Niger, 57.4% 
in Tanzania, 67.5% in Uganda and with a pooled preva-
lence of 63.8% [95% CI 61.8–65.9]. Similar prevalence 
has been observed in Sierra Leone[43], although it is 
lower than that observed in 21 SSA countries [8]. How-
ever, higher ITN use has been observed in East Africa 
[24, 25], in Rwanda [44], North West Ethiopia [45], in 
Eastern Uganda, [46] and in a tertiary hospital in Nige-
ria [47]. Similar country-specific prevalence have been 
observed in Uganda [8] and Ghana [8, 48]. The World 
Health Organisation recommends universal cover-
age of ITNs and their use among pregnant women [49]; 
however, findings from this study reveal that ITN use is 
below the recommended global targets of 80% ITN use 
among pregnant women [50, 51]. Sub-optimal use of 
ITNs increases the risk of exposure to infective mosquito 
bites and may explain the high prevalence of malaria in 
Uganda [52], in Tanzania [53], in Nigeria [54], in Ghana 
[55], Burkina Faso [56], in Niger [57] and Mozambique 
[58]. The observed country-level disparities in ITN use 
among pregnant women, with highest in Niger and low-
est in Ghana, reflect differences in health system capac-
ity, distribution strategies, and socio-cultural contexts 
across Sub-Saharan Africa. Higher uptake of ITN likely 
results from differentiated malaria prevention programs. 
For example, frequent mass distribution campaigns, inte-
gration of ITN provision within antenatal care services, 
and strong community engagement is strongly observed 
in many SSA countries. On the other hand, lower utili-
zation, for example, in Ghana and other countries may 
be linked to inconsistent campaign reach and cultural 
perceptions that discourage consistent net use, includ-
ing discomfort during hot weather and beliefs about net 
cleanliness [59–62].

Close to 46% of the variation was explained by the 
differences between the countries and within the 
countries, with within the countries explaining the 
largest (32%). As such the individual-level variation 

(~ 54%) might be due to household income, education, 
or household structure. Understanding these factors 
could explain the differing utilisation of ITN and prob-
ably support country-specific interventions to improve 
ITN use. The intra-cluster correlations show variations 
in ITN use attributable to differences in countries and 
larger variation between regions within countries. This 
implies that although national malaria control policies 
and distribution campaigns influence overall uptake in 
ITNs, substantial heterogeneity persists at the subna-
tional level. Similar findings across Sub-Saharan Africa 
suggest that regional and district disparities contribute 
significantly to uneven coverage and utilization [61, 
63, 64]. The relatively high regional-level ICC under-
scores the need for geographically targeted interven-
tions, ensuring equitable distribution of ITN, social 
and behavioral change communication, and health sys-
tem strengthening at local levels [65, 66]. In the con-
text of this study, policies should complement national 
malaria strategies with tailored regional efforts towards 
ITN uptake to address within-country inequalities and 
improve well-being of pregnant women. The observed 
regional variation in ITN use among pregnant women 
highlights the need for tailored malaria prevention 
strategies to local contexts instead of relying on uni-
form national-level approaches, and adopting national 
level policies that are contextualized to the national 
needs and malaria prevention demands. Understanding 
these contextual differences can guide more equitable 
allocation of limited resources, and strengthen health 
system responsiveness to local barriers and enablers 
of ITN use. Targeted, data-driven interventions that 
consider contextual, cultural, behavioral, and infra-
structural factors are, therefore, critical to achieving 
universal ITN coverage among pregnant women across 
sub-Saharan Africa.

This study found that the education level of women 
(primary or secondary) was positively associated with 
sleeping under an ITN in the seven high-burden malaria 
countries in SSA. These findings are similar to those 
observed in sub-Saharan Africa [8], East Africa [24], 
Ghana, [67] and Rwanda [44]. However, some studies do 
not agree with these findings. Studies by Ankomah et al. 
(2012) and Adedokun et  al. (2020) [34, 68] in Nigeria, 
Awunyo et  al., (2025), Dun-Dery et  al. (2022) and Klu 
et al. (2022) in Ghana [48] [22, 67] observed that the edu-
cation of the woman was not significantly associated with 
ITN use among pregnant women. Despite this differing 
observations in these studies, educated pregnant women 
are more likely to use ITN as they are more likely to be 
aware of dangers of malaria in pregnancy, attend antena-
tal care, have the knowledge of proper ITN use and have 
greater autonomy and decision making power related to 
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Table 3  Multivariable multilevel mixed effects logistic regression model for factors associated with insecticide-treated net use among 
pregnant women in malaria-high burden countries in sub-Saharan Africa

Covariates Model 0 [Empty] Model 1
aOR[95%CI]

Model 2
aOR[95%CI]

Model 3
aOR[95%CI]

Age groups [Recoded]

 15–19 Reference Reference

 20–24 1.18 [0.84,1.66] 1.16 [0.80,1.68]

 25–29 1.10 [0.64,1.89] 1.17 [0.70,1.97]

 30–34 1.06 [0.58,1.94] 1.11 [0.65,1.92]

 35–49 1.19 [0.66,2.15] 1.31 [0.78,2.18]

Highest educational level

 No Education Reference Reference

 Primary 1.34 [1.09,1.65]** 1.36 [1.21,1.53]**

 Secondary 1.39 [1.05,1.84]* 1.35 [1.14,1.61]**

 Higher 0.96 [0.60,1.52] 0.97 [0.67,1.40]

Total children ever born [Recoded]

 No births Reference Reference

 1–2 births 1.31 [1.09,1.58]** 1.24 [1.06,1.44]**

 3–5 births 1.23 [0.87,1.76] 1.35 [0.96,1.92]

 6 or more births 1.23 [0.73,2.06] 1.62 [0.95,2.77]

Births in last 3 years [Recoded]

 None Reference Reference

 1–3 Births 0.98 [0.82,1.17] 0.98 [0.78,1.23]

Number of children 5 and under in household [Recoded]

 0 Children Reference Reference

 1 Child 1.19 [0.86,1.64] 1.07 [0.83,1.38]

 2 Children 1.43 [1.12,1.82]** 1.32 [1.10,1.57]**

 3 or more 1.14 [0.76,1.70] 1.07 [0.79,1.46]

Sex of household head

 Male Reference Reference

 Female 0.73 [0.57, 0.94]* 0.74 [0.58, 0.95]*

Number of household members [Recoded]

 1–3 Reference Reference

 4–6 0.72 [0.56,0.92]* 0.67 [0.55,0.81]**

7 or more 0.43 [0.30,0.62]** 0.38 [0.29,0.50]**

Wealth index combined

 Poorest Reference Reference

 Poorer 1.22 [0.86,1.75] 1.21 [0.83,1.76]

 Middle 1.24 [0.88,1.75] 1.20 [0.85,1.71]

 Richer 1.17 [0.65,2.09] 1.13 [0.63,2.01]

 Richest 0.92 [0.45,1.90] 0.88 [0.49,1.58]

Type of toilet facility [Recoded]

 Improved Reference Reference

 Not Improved 0.84 [0.69,1.01] 0.84 [0.71,0.99]*

Source of drinking water [Recoded]

 Improved Reference Reference

 Not Improved 1.05 [0.89,1.25] 1.08 [0.92,1.27]

 Type of place of residence

 Urban Reference

 Rural 0.96 [0.69,1.33]

Random effect

 Country-level variance [SE] 0.55 [0.25] 0.57 [0.25] 0.65 [0.31] 0.67 [0.32]
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health needs and preventive practices than their counter-
parts [17, 24, 69].

Our findings observed a positive association between 
parity (one or two children) and ITN utilisation among 
pregnant women in malaria high-burden countries. This 
aligns with observations from Sierra Leone [43], where 
similar findings were noted among women who had given 
birth to five or more children, and in Ghana [22], where 
an association was found among women who had given 
birth to one or more children. However, the relations 
between ITN utilisation and parity were not observed in 
Rwanda [44], suggesting differences in contextual factors 
that influence ITN use. Furthermore, the study revealed 
a negative association between the use of ITN and the 
sex of the household being female, specifically where 
pregnant women resided. This implies a lower likeli-
hood of ITN use in female-headed households compared 
to those in male-headed households. This finding is a 
direct parallel with observations in a multi-country study 
in SSA, where pregnant women in male-headed house-
holds were more likely to use ITN compared to female-
headed households [8]. However, similar findings were 
observed in Sierra Leone [43]. This may be attributed to 
several interconnected socio-economic challenges often 
faced by female-headed households, such as greater eco-
nomic vulnerability due to limited access to productive 
resources [70, 71], especially in low- and medium-income 
countries, and this impacts households’ ability to afford 
health commodities such as ITN. These financial con-
straints can directly impact a household’s ability to afford 
essential health commodities and services like ITNs, even 
at a subsidised price or freely distributed.

This study also revealed that having children in the 
household was positively associated with ITN use among 
pregnant women, and having four or more household 
members in the house was negatively associated with 
ITN use among pregnant women. These findings suggest 

a complex interplay between household factors and 
preventive health behaviours, particularly in resource-
limited households. Concerning household size, similar 
findings were observed in a multi-country study in SSA 
[24]. The positive relationship between the presence of 
children and ITN use among pregnant women may be 
due to awareness of the risks posed by malaria, particu-
larly in under-fives. Therefore, mothers are more likely to 
embrace preventive measures. Similar patterns have been 
observed, where households with young children exhibit 
higher ITN utilisation due to increased health-seeking 
behaviour [72, 73]. On the other hand, the inverse rela-
tionship between household size and ITN use among 
pregnant women may indicate potential issues with the 
availability and allocation of ITNs. However, as this study 
was based on secondary data, these covariates need to be 
evaluated in primary studies.

The findings from this study reveals that there is a need 
for country specific and regional specific (regions within 
a country) malaria prevention strategies. This is evi-
denced by both country and regional variations in ITN 
use. The study observed high utilisation of ITN among 
educated women. This shows that there is need for tai-
loring ITN distribution and education efforts to women 
with lower education to improve the uptake of ITN 
among these women. Among other strategies to improve 
the uptake of ITN, integration of outreach programs, in 
addition to routine antenatal care would play a big role in 
improving ITN use.

This study utilised nationally representative MIS data 
conducted from 2017 to 2021 from these countries. This 
enhances credibility and comparability across countries 
as similar designs were applied during data collections 
and development of analytical plans. In addition, the 
study utilized a multilevel modelling approach which 
appropriately accounts for clustering and thus handles 
better dependencies within clusters and lead to more 

Table 3  (continued)

Covariates Model 0 [Empty] Model 1
aOR[95%CI]

Model 2
aOR[95%CI]

Model 3
aOR[95%CI]

 Country > Regional Level Variance [SE] 0.74 [0.74] 0.76 [0.16] 0.85 [0.19] 0.87 [0.20]

 Country ICC [95% CI] 0.12 [0.05, 0.24] 0.12 [0.09, 0.24] 0.14 [0.06, 0.28] 0.14 [0.06, 0.28]

 Region | Country ICC [95% CI] 0.28 [0.19, 0.40] 0.29 [0.19, 0.41] 0.31 [0.20, 0.45] 0.32 [0.21, 0.46]

Model fit statistics

 Log-likelihood − 2842.71 − 2828.13 − 2706.91 − 2688.74

 AIC 5691.41 5668.26 5425.81 5389.48

 N 4950 4950 4830 4830

aOR adjusted odds ratio, SE standard error, ICC inter-cluster correlation coefficient, AIC Akaike information criterion, CI confidence interval 

Source: MIS data.

* p < 0.05, ** p < 0.01
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reliable estimates than traditional regression models. 
However, the study analysed data collected from 2017 
to 2021. There is a possibility that more recent surveys 
may have been conducted in these countries, poten-
tially reporting new data on the variables under investi-
gation. However, this being population-based data sets, 
the study’s validity remains high with potential to inform 
countries to design strategies for improving optimal use 
of ITNs. The MIS has a large number of variables col-
lected; however, this study analysed limited indicators 
related to ITN use and may be contextually different. In 
addition, the pooled analysis might have led to a loss in 
country-specific nuance and heterogeneity in program 
implementation. This was averted and minimised by the 
use of multilevel analysis to cater for group-level varia-
tions. Whereas the study observed factors associated 
with ITN use in seven countries in SSA, other high-
malaria-endemic countries are not included in this study. 
The study proposes that future studies could seek to 
investigate these factors in all highly endemic countries 
in SSA. Future studies could also use qualitative data to 
obtain an in-depth understanding of contextual factors. 
The study examines factors associated with the use of 
ITN, but does not examine causal pathways on how these 
factors impact the uptake of ITN. Longitudinal studies 
would better capture ITN use dynamics which are not 
captured in cross-sectional studies. Unmeasured con-
founders, such as those related to cultural contexts, may 
influence use but are not included.

The study revealed that at least six out of every ten 
pregnant women used ITNs, although country-level 
prevalence varied. While this is encouraging, a notable 
gap remains in the utilisation of ITN if progress towards 
the elimination of malaria is to be achieved. The ITN 
use remains suboptimal and varies significantly within 
and between countries in this study. This highlights the 
need for further targeted interventions due to substan-
tial in-country and between-country variations, under-
scoring the role of regional context in ITN utilization. 
Beyond individual and household determinants, local 
and regional contexts play a critical role in shaping ITN 
usage patterns.

Furthermore, higher educational attainment among 
women, having ever given birth to 1–2 children, and hav-
ing two children under the age of five in the household 
were positively associated with ITN use. Conversely, 
female-headed households with one or more residents 
were negatively associated with the use of ITNs. These 
findings highlight important demographic and house-
hold characteristics that influence the use of ITNs among 
pregnant women, underscoring the need for targeted 
malaria prevention efforts. Interventions should, there-
fore, be tailored not only to socio-demographic profiles 

but also to regional disparities in access, awareness, and 
implementation effectiveness. Expanding ITN access 
especially among women with lower education level and 
those living in female-headed households, improving 
maternal health education, and strengthening regional 
monitoring could improve ITN uptake.
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