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Abstract

Background: The degree to which insecticide-treated net (ITN) supply accounts for age and gender disparities in [TN
use among household members is unknown. This study explores the role of household ITN supply in the variation in
ITN use among household members in sub-Saharan Africa.

Methods: Data was from Malaria Indicator Surveys or Demographic and Health Surveys collected between 2011
and 2016 from 29 countries in sub-Saharan Africa. The main outcome was ITN use the previous night. Other key vari-
ables included ITN supply (nets/household members), age and gender of household members. Analytical methods
included logistic regressions and meta-regression.

Results: Across countries, the median (range) of the percentage of households with enough ITNs was 30.7%
(8.5-62.0%). Crude analysis showed a sinusoidal pattern in [TN use across age groups of household members, peaking
at 04 years and again around 30-40 years and dipping among people between 5-14 and 50+ years. This sinusoidal
pattern was more pronounced in households with not enough ITNs compared to those with enough ITNs. ITN use
tended to be higher in females than males in households with not enough ITNs while use was comparable among
females and males in households with enough ITNs. After adjusting for wealth quintile, residence and region, among
households with not enough ITNs in all countries, the odds of ITN use were consistently higher among children under
5 years and non-pregnant women 15-49 years. Meta-regressions showed that across all countries, the mean adjusted
odds ratio (aOR) of ITN use among children under 5 years, pregnant and non-pregnant women aged 15-49 years

and people 50 years and above was significantly higher than among men aged 15-49 years. Among these house-
hold members, the relationship was attenuated when there were enough ITNs in the household (dropping 0.26-0.59
points) after adjusting for geographical zone, household ITN supply, population ITN access, and ITN use:access ratio.
There was no significant difference in mean aOR of ITN use among school-aged children compared to men aged
15-49 years, regardless of household ITN supply.

Conclusions: This study demonstrated that having enough ITNs in the household increases level of use and
decreases existing disparities between age and gender groups. ITN distribution via mass campaigns and continuous
distribution channels should be enhanced as needed to ensure that households have enough ITNs for all members,
including men and school-aged children.
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Background

According to the World Malaria Report, there were
an estimated 216 million cases of malaria globally in
2016 while the estimated number of malaria deaths was
445,000 in 2016 [1]. Africa continues to carry a dispro-
portionately higher share of the global malaria burden as
90% of malaria cases and deaths occur in this continent
with 15 countries in sub-Saharan Africa accounting for
80% of the global malaria burden [1]. The World Health
Organization (WHO) recommends the use of insecticide-
treated nets (ITNs) as a key element of vector control by
all individuals at risk of malaria, and distribution of free
ITNs is a core intervention in national malaria control
strategies of all sub-Saharan Africa countries [2]. In an
effort to achieve universal coverage, i.e., universal access
to and use of ITNs by populations at risk of malaria [3],
over 800 million nets have been delivered in sub-Saharan
Africa between 2011 and 2016, mostly under universal
coverage campaigns [1]. This investment has resulted in
an increased proportion of Africans in malaria-endemic
areas who slept under an ITN, from 2010 30%, to 2016
54% [1]. The concept of universal access and indicators
used to measure it are based on the assumption that each
ITN protects two people [1]. To further improve ITN
coverage in Africa, gaps in ITN access as well as ITN use
need to be explored and addressed [4].

Recent studies have shown that the major driver of ITN
use is access, as one cannot use an ITN unless there is
one available for use [5-8]. After ITN access has been
addressed, individual level factors, including age and
gender of household members, have also been associ-
ated with ITN use. Studies across Africa demonstrate
that ITN use is typically higher among females compared
to males [9]. ITN use is also correlated with age [10] and
has been shown to be higher in certain age groups, e.g.,
infants [11] or children under 5 years of age [12] com-
pared to older children aged 5-14 years and adolescents
and young adults aged 15-24 [13, 14]. The association of
age with ITN use also seems to be moderated by gender,
such that men, older children and teenagers were less
likely to sleep under an ITN compared to women and
children under 5 years old [15]. It is unclear whether cer-
tain household members are prioritized only because the
number of nets in the household is not enough. Thus, the
supply of nets in the household might be the reason for
the age/gender disparities in ITN use.

This paper explores to what extent ITN supply (hav-
ing enough nets for household members) accounts for
age and gender disparities in IT N use among household
members in sub-Saharan Africa. ITN use has been shown
to increase dramatically in all age groups and gender fol-
lowing mass free distribution of ITN [13, 16] suggesting
that certain household members are prioritized for ITN
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use when there are not enough ITNs in the household.
The relationships between ITN supply, household mem-
bers and ITN use are worth exploring to understand
whether improving supply of ITNs in a household might
reduce age and gender disparities in ITN use.

Methods
This study analyses secondary data from recent national
surveys in sub-Saharan Africa.

Data from recent (conducted between 2011 and 2016)
Malaria Indicator Surveys (MIS) or Demographic and
Health Surveys (DHS) among countries in sub-Saharan
Africa, were included in the analysis. Recent surveys
were defined as those conducted between 2011 and 2016.
The most recent publicly available MIS or DHS data from
a total of 29 malaria endemic countries (Namibia was
excluded given its limited malaria risk [1]) were down-
loaded with permission from the DHS Programme web-
site, http://www.dhsprogram.com.

The countries were categorized into 3 geographi-
cal zones, Central, East and West Africa, based on the
United Nations geoscheme for Africa [17]. East Africa
region included 10 countries (34.5%), Central Africa, 7
countries (24.1%) and West Africa, 12 countries (41.4%).

The main outcome of the study is use of an ITN the
previous night and this was calculated for each de facto
member of the household, i.e., all those present in the
house the previous night, as recommended by WHO’s
Roll Back Malaria Monitoring and Evaluation Reference
Group (MERG) [7, 18]. A main predictor variable was
household ITN supply and this was defined as the num-
ber of ITNs present in the household divided by the de
jure household members and was further dichotomized
into ‘not enough’ (ITN: person ratio of less than 0.5) ver-
sus ‘enough’ (ITN: person ratio of 0.5 or more equivalent
to one ITN for every 2 people). The other main predic-
tor variables of interest included gender (male versus
female) and age (categorized in 5-10 year increments
(0-4, 5-9, 10-14, 15-19, 20-29, 30-39, 40-49, 50-59,
and 60+ years) of de facto household members. In addi-
tion, a composite variable called ‘demographic group’
variable was created based on age, gender and pregnancy
status of the de facto household members. The following
demographic groups were defined: children under 5 years
old, school-aged children 5-14 years, women aged
15-49 years who were currently pregnant, women aged
15-49 years who were not currently pregnant, men aged
15-49 years (reference group) and adults aged 50 years or
more.

Other socio-demographic variables included house-
hold wealth quintile based on the standard DHS wealth
index determined by principal component analysis on
household assets, residence (urban/rural), and region
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(sub-national administrative divisions for each coun-
try). Two contextual variables included in the analysis
include population level ITN access, and use given access
(use:access ratio). The population ITN access indica-
tor for each country was calculated according to MERG
guidance by dividing the potential ITN users (number
of ITNs in the household multiplied by 2) by the num-
ber of de facto members for each household, setting the
result to 1 if there were more potential users than de
facto members, and determining the overall sample mean
of that fraction [7]. To assess whether people who have
ITNs actually use them, the ratio of population ITN use
to population ITN access was calculated.

All analysis was limited to households with at least one
ITN. First, plots of ITN use by age and gender of de facto
household members, stratified by household ITN supply
were constructed for each country separately. Then, mul-
tivariable logistic regressions were conducted for each
country, stratified by household ITN supply, to explore
differences in ITN use among demographic groups,
controlling for household wealth quintile, residence and
region. Next, to synthesize the findings across all coun-
tries, a meta-regression was conducted to explore the
mean adjusted odds ratio (aOR) of ITN use across demo-
graphic groups across all 29 countries. Each country was
stratified by household ITN supply for a total sample size
of 58. Plots of the mean aOR and 95% confidence inter-
val (CI) of ITN use among demographic groups strati-
fied by ITN supply were constructed over all countries
and also by the 3 geographic zones (Central, East and
West Africa). The model included the following country-
level covariates: geographical zone, household ITN sup-
ply, population ITN access and ITN use:access ratio. To
account for different sample size of each country, the
number of de facto populations in households with at
least one ITN was used as a probability weight.

Data management and analysis was done using Stata
version 14 (Stata Corporation, College Station, TX, USA)
and Excel 2016 (Microsoft Corp, Seattle, WA, USA). All
country-level analyses used sample weights to adjust for
DHS sample design and individual response rate [19].

Results

Table 1 presents the proportion of households with
enough ITNs and population-level ITN access and
use:access ratio for each survey. Across countries, the
median (range) of the percentage of households with
enough ITNs was 30.7% (8.5-62.0%). The median (range)
of the percentage of households with enough ITNs was
14.5% (8.5-24.3%) in Central; 38.4% (22.7-62.0%) in
East Africa; and, 30.7% (9.3-56.7%) in West Africa. In
only 3 countries did more than 50% of households own
enough ITNs: Uganda (62.0%), Senegal (56.7%) and
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Ghana (50.3%). Similarly, the median (range) of the per-
centage of the de facto population with access to an ITN
in their household was 26.9% (19.7-61.2%) in Central;
55.9% (37.2-78.8%) in East; and, 49.0% (25.3-75.7%)
in West Africa. Overall, the proportion of the popula-
tion that used an ITN the previous night was greater
than 50% in only 8 countries (Madagascar, Rwanda,
Uganda, Democratic Republic of Congo, Benin, Burkina
Faso, Mali, Senegal). ITN use:access ratio varied widely
across the countries from 0.23 in Zimbabwe to 1.15 in
Congo-Brazzaville.

Figures 1, 2, 3 highlight country-level population ITN
use stratified by ITN supply, age and gender in Central
(Fig. 1), East (Fig. 2) and West (Fig. 3) Africa. In all coun-
tries, regardless of age and gender, ITN use was higher
among people in households with enough ITNs com-
pared to those in households with not enough ITNs. For
people from households with not enough ITNs, ITN
use showed a sinusoidal pattern, peaking at 0—4 years
and again around 30-40 years and dipping among peo-
ple between 5—14 and 50+ years. This sinusoidal pattern
was less pronounced in households with enough ITNs. In
households with not enough ITNs, ITN use was higher in
females compared to males in many age groups. Among
people living in households with enough ITNs, use was
more comparable among males and females in all age gro
ups.

Table 2 presents the aOR of ITN use the previous
night among demographic groups (reference group: men
15-49 years) stratified by household ITN supply and con-
trolling for household wealth index, household residence
and region.

Among households with not enough ITNs, two demo-
graphic groups: children under 5 years and non-pregnant
women had consistent significantly higher odds of ITN
use compared to men aged 15-49 years in all countries.
The median (range) aOR of ITN use among children
under 5 years old in all 29 countries was 1.86 (1.22-3.81).
Non-pregnant women in all 29 countries had a median
(range) aOR of 1.76 (1.22-3.36). In addition, pregnant
women in all 27 countries with available data had a
median (range) aOR of 2.26 (1.48-4.27), although the
aOR was not statistically significant in Zimbabwe, Ivory
Coast, Madagascar, and Congo-Brazzaville. Children
aged 5—14 years had a median (range) aOR of 0.94 (0.55—
1.58); the aOR was significantly lower in 11 countries,
significantly higher in 10 countries and not statistically
significant in 8 out of 29 countries.

Among households with enough ITNs, the dispari-
ties in ITN use across demographic groups was attenu-
ated. There was no demographic group with significantly
higher odds of ITN use across all countries. The median
(range) aOR of ITN use among children under 5 years old



Olapeju et al. Malar J (2018) 17:423

Page 4 of 12

Table 1 List of countries and key insecticide-treated net indicators

Country Survey  Year % of households % of de facto % of de facto population Use:access ratio
with enough ITNs®  population with ITN  that used an ITN the previous
access night

Central Africa
Angola DHS 2015-16 109 19.7 17.6 0.89
Burundi MIS 2012 239 46.0 48.6 1.06
Cameroon DHS 20M 8.5 209 14.8 0.71
Chad DHS 2014-15 40.8 61.2 333 0.54
Congo Brazzaville  DHS 2011-12 104 226 26.0 1.15
Democratic Repub- DHS 2013-14 243 46.5 50.2 1.08

lic of Congo

Gabon DHS 2012 14.5 269 26.7 0.99

East Africa
Kenya MIS 2015 40.1 525 47.6 091
Madagascar MIS 2016 43.1 62.1 68.2 1.10
Malawi DHS 2015-16 227 388 339 0.87
Mozambique DHS 2015 384 538 454 0.84
Rwanda DHS 2014-15 422 63.8 614 0.96
Tanzania DHS 2015-16  37.2 559 49.0 0.88
Uganda MIS 2014-15 62.0 78.8 68.6 0.87
Zambia DHS 2013-14 250 65.0 56.9 0.88
Zimbabwe DHS 2015 26.1 372 85 0.23

West Africa
Benin DHS 2011-12 433 64.0 62.6 0.98
Burkina Faso MIS 2014 474 71.2 67.0 0.94
Cote D'lvoire DHS 2011 30.7 49.0 332 0.68
Gambia DHS 2013 20.1 453 36.9 0.82
Ghana MIS 2016 50.3 65.8 41.7 0.63
Guinea DHS 2012 93 253 189 0.75
Liberia MIS 2016 235 415 39.2 0.94
Mali MIS 2015 376 69.5 63.8 092
Niger DHS 2012 144 373 138 037
Nigeria MIS 2015 344 54.7 373 0.68
Senegal cDHS 2016 56.7 75.7 63.1 083
Sierra Leone MIS 2016 14.6 37.1 386 1.04
Togo DHS 2013-14 325 488 336 0.69

DHS Demographic Health Survey, ITN insecticide-treated nets, MIS Malaria Indicator Survey

2 A household supply of at least 0.5 net per person

was 1.48 (0.93-2.80) although the aOR was not statisti-
cally significant in 8 and significantly higher in 21 of the
29 countries. Pregnant women had a median (range) aOR
of ITN use of 1.29 (0.90-2.59). Similarly, the aOR was
not statistically significant in eight countries and signifi-
cantly higher in 21 countries of the 29 countries. Among
pregnant women, the median (range) aOR of ITN use
was 1.75 (0.46—4.36) although the aOR was significantly
lower in Zimbabwe, not statistically significant in 14
countries and significantly higher in 12 of the 27 coun-
tries with available data. Children aged 5-14 years had

a median (range) aOR of 0.98 (0.60—2.40), the aOR was
significantly lower in 9 countries, significantly higher in 5
countries and not statistically significant in 15 countries.
Figure 4 presents results of the meta-regression of the
aORs of ITN use among demographic groups, stratified
by ITN supply across all 29 countries, and in addition, for
each geographic zone. Overall, the mean aOR of ITN use
was significantly higher among children under 5 years,
pregnant and non-pregnant women aged 15-49 years
and people 50 years and above compared to the reference
group of men aged 15-49 years. Also, the differences
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Fig. 1 Insecticide-treated net use by insecticide-treated net supply, age and gender in Central Africa
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Fig. 2 Insecticide-treated net use by insecticide-treated net supply, age and gender in East Africa
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Fig. 3 Insecticide-treated net use by insecticide-treated net supply, age and gender in West Africa

in ITN use across demographic groups tended to be
reduced when there were enough ITNs. In addition,
for children under 5 years, pregnant and non-pregnant
women aged 15-49 years and people 50 years and above,
the aORs of ITN use were higher in households with
enough ITNs compared to households with not enough
ITNs. There was no significant difference in mean aOR of
ITN use among school-aged children compared to men
aged 15-49 vyears, regardless of household ITN supply.
This trend was seen over all countries and across the 3
geographic zones. Of note, the variation in mean aOR
of ITN use across household members was most pro-
nounced in West compared to East or Central Africa.
The meta-regression results in Table 3 highlight the
influence of country-level ITN supply, population ITN
access, ITN use:access ratio and geographic region on
the mean aOR of ITN use for demographic groups across
all 29 countries. The effect sizes shown in the Table rep-
resent the change in mean aOR per unit change of each
covariate, holding others constant. Thus, the mean aOR
is treated as a continuous variable in this analysis. For
example, the mean aOR of ITN use among children
under 5 years reduces by 0.59 points in households with
not enough compared to enough ITN supply while each
per cent increase in population ITN access has mini-
mal effect on the mean aOR of ITN use. In general, the
results confirm earlier findings, as the mean aORs of ITN
use decreased (dropping by 0.26-0.59 points) among

almost all demographic groups compared to men age
15-49 years when there are enough ITNs in the house-
hold compared to households with not enough ITNs.
The only exception was the group children 5-14 years
for whom the mean aOR did not change with house-
hold ITN supply. The level of population access to ITNs
at the time of the survey (as shown in Table 1) did not
have any impact on the mean aOR of ITN use among
household members, again with the exception of children
5-14 years for whom the mean aOR increased by 0.06 for
each 10% increase in population access. Changes in use-
to-access ratio did not significantly contribute to differ-
entials in the mean aOR of ITN use across demographic
groups. As was suggested in Fig. 4, the mean aOR of ITN
use for household members, except the 50 years and over,
was significantly higher in West compared to the East
Africa.

Discussion

This study demonstrated that regardless of setting and
across a large number of countries, the groups most
vulnerable to malaria are preferentially being covered,
per WHO recommendations that pregnant women and
infants in malaria-endemic areas use ITNs. It also sug-
gests that ITNs are not hoarded by heads of house-
holds but used among household members, depending
on household supply. The study showed that having
enough ITNs in the household increases level of use and
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Fig. 4 Mean adjusted odds ratios for insecticide-treated net use among demographic groups (reference group: men aged 15-49), by
insecticide-treated net supply, overall (@) and by geographic region (b)

decreases existing disparities between age and gender use is perhaps insufficient access and to a lesser degree
groups. ITN use was consistently higher among peo-  unwillingness to use ITNs [5, 7, 8].
ple in households with enough compared to not enough Our findings highlight existing disparities in ITN use
nets. The role of ITN supply on use is important given —among household members, corroborating previous
the WHO target of 85% coverage of key malaria interven-  research [10-13, 15]. In most of sub-Saharan Africa,
tions, including ITN use by all people at risk of malaria, households rightfully prioritize children under 5 years
and the WHO recommendation of one ITN for every as well as pregnant women, especially when there is not
two people at risk of malaria [1]. Many countries struggle  enough ITN supply. Children under 5 years and preg-
to meet this target among all households but have been  nant women of reproductive age may be more likely to
able to achieve the target among households with enough  sleep under an ITN because, in many settings, those
ITNs. This suggests that people are typically willing to  children share sleeping spaces with their mothers or
use ITNs but need to have enough ITNs to increase and  adolescent female siblings [20]. It may also be due to
sustain ITN use. Thus, increasing the household supply the ITN interventions of the last few decades target-
of ITNs improves use among members. These findings ing pregnant women and children under 5 years old
provide further evidence that the main barrier to ITN  [9]. While pregnant women and young children are
biologically vulnerable to malaria, there are negative
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Table 3 Adjusted linear regression coefficients for mean adjusted odds ratios of insecticide-treated net use
Independent variable Adjusted linear regression coefficients by demographic group?
Children under 5 years School-aged Female 15-49 years 50+ years
(5-14 years)
Not pregnant Pregnant
Household ITN supply enoughvs — —0.568* 0.524 —0497* —0.591* —0.258%
not enough
Population access in %" —0.0001 0.006* —0.000 0.013 —0.005
Use:access ratio® —0.195 —0.399 0.221 1.072 0.680
Central Africa vs East —0.168 0.036 —0.040 0.389 —0.195
West Africa vs East 0.424* 0.231* 0479* 0.779*% 0.179
R squared 0.384 0332 0.463 0.337 0.328

ITN insecticide-treated net

@ Covariates included in the model: household ITN supply, population ITN access and geographic zone

b Variable shown in Table 1
* Significant at p-value <0.05

side effects with only prioritizing them for ITN use.
Contraction of malaria by other household members
still has unwelcome health, social and financial conse-
quences for the family, hence the emphasis on universal
coverage [9].

The role of ITN supply on disparities in ITN use among
household members is a novel addition of this study to
the existing literature. Pregnant women, children under
5 years old, women aged 15-49 years, and those over
50 years were still more likely to have used an ITN the
previous night than men but having enough ITNs within
the household reduced the gaps in ITN use across these
groups. However, school-children aged 5-14 years were
among the least prioritized in households, regardless of
household ITN supply. Studies have found that school-
aged children had the highest prevalence of malaria infec-
tion but were most likely to have asymptomatic infection,
thus serving as an under recognized reservoir of malaria
infection [21, 22]. Protecting this age group with ITNs
would reduce adverse health outcomes, such as anaemia
and mortality, and educational outcomes such as school
absenteeism and lower cognitive function [23]. In addi-
tion, protecting this age group with ITNs could protect
the rest of the population from malaria transmission. As
recommendations shift from covering vulnerable popula-
tions to universal coverage, there is a need to ensure that
households have enough nets to eliminate disparities in
ITN use among members. Mass distribution campaigns
have been a major source of ITN supply in households,
however, gaps in ITN coverage have been demonstrated
between mass campaign cycles. Continuous distribu-
tion of ITNs through antenatal care, immunization ser-
vices, communities, and schools has been recommended
by WHO to complement mass campaigns and ensure
universal coverage of ITNs, particularly antenatal care

clinic and expanded programmes on vaccination dis-
tribution [3]. Continuous community-based [24, 25]
and school-based ITN distribution [24, 26] has been
shown to improve ITN ownership and access. However,
although continuous antenatal care (ANC) and expanded
programme on immunization (EPI) distribution systems
targeting biologically vulnerable groups, such as children
under 5 years and pregnant women, are supposed to be in
place in almost every country, these are often low func-
tioning, contributing to gaps in net access [25]. Efforts
to improve the quality of existing distribution channels
may involve ensuring complete household registration,
enhancing data and communication campaigns to pro-
mote acceptability and uptake of distribution channels.
There are some limitations within this study. The analy-
sis assumes that all ITNs included in the indicator of ITN
supply in the household are all hung or usable. The study
also uses slightly different denominators for the ITN
indicators. Specifically, ITN supply is calculated from
the de jure household members while ITN use is calcu-
lated from de facto members. This may be important in
instances where the de facto and de jure members are
markedly different. Seasonality of ITN use [27] is one of
most important factors of ITN use but was not accounted
for in this analysis. Research has shown seasonal vari-
ations in ITN use in sub-Saharan Africa, which may
explain some of the differences in ITN use across coun-
tries as MIS and DHS surveys are usually conducted in
different seasons. Typically, MIS is conducted during/at
the end of rainy season while the DHS can be done any
season. Given that ITN use is higher in the rainy season
and immediately thereafter when malaria transmission is
at a peak [28, 29], ITN use is higher in MIS survey coun-
tries than in DHS countries. Also, the timing of the most
recent ITN mass campaigns was not accounted for in the
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analysis. Mass campaigns that are closely followed by
household surveys generally show higher levels of popu-
lation ITN access, which in turn makes high levels of ITN
use feasible [13, 16]. In addition, the data analysed are
cross-sectional in nature and thus do not permit causal
inferences.

Finally, the study found some differences in ITN use
among household members across the geographic zones
explored. However due to the country eligibility criteria,
not all countries within the three geographic regions are
explored. Thus, regional differences in ITN use should be
interpreted with caution. Also, malaria control research
and programmatic efforts are also needed to understand
the specific country level contextual factors that may
explain trends in ITN access and use. For example, Zim-
babwe has low levels of ITN use even among people in
households with enough ITNs, and this may be related
to national level indoor residual spraying interventions,
resulting in a lower net use culture [30].

Conclusion

This study explored the role of ITN supply on ITN use
among household members. The findings suggest that
having enough ITNs in the household increases level of
use and decreases existing disparities between age and
gender groups. School-aged children were also consist-
ently the least prioritized, regardless of a household’s ITN
supply. ITN distribution via mass campaigns, ANC and
EPI, school and community channels should be enhanced
as needed in order to ensure that households have
enough ITNs for all members, including men and school-
aged children.
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