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Abstract

Objectives: The study was premised on the notion that insecticide-
treated mosquito nets are positively related to malaria prevalence, and
that knowledge mediates the relationship between insecticide-treated
mosquito nets and malaria. Furthermore, household income was hy-
pothesized to have a moderating effect on the direct and indirect re-
lationships (through malaria knowledge) between insecticide-treated
mosquito nets and the prevalence of malaria.

Methods: The hypothesized relationships were examined using
panel data collected from ten regions of Ethiopia during 2011 — 2015.
Structural equation modeling and the random effect model were used
to test the hypotheses. Statistical analyses were performed using Stata
version 13.0.

Results: The results were consistent with our proposed hypotheses,
showing a significant relationship between the research variables. The
findings suggest that malaria knowledge contributes to improving the re-
lationship between insecticide-treated mosquito nets and malaria preva-
lence. A positively significant indirect effect (8 = 0.47, p=0.003) as well as
direct effect (B = 0.28, p = 0.001) was revealed in the study. Furthermore,
a positive impact of household income in strengthening the relationship
between insecticide-treated mosquito nets and malaria through knowl-
edge reported, with a considerable value ( = 0.13, p = 0.000). The result
also reveals differences in the outcome of malaria prevalence at different
levels of household income category, where the indirect effect of insec-
ticide-treated mosquito nets on malaria prevalence via malaria knowl-
edge was positive and significant for households under the second-level
income category (B = 0.15, p = 0.000). Conversely, the indirect effect of
insecticide-treated mosquito nets on malaria prevalence via malaria
knowledge was negative for the high level-income category (B =-0.14, p
=0.022). Besides, insignificant and negative relationships were reported
for households under low-level income categories ( = 0.024, p = 0.539).

Conclusion: The findings are potentially useful for the health sector
to ensure success in infectious disease prevention and control, particu-
larly malaria, and to explain how various factors contribute to the rela-
tionship.
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Introduction

Malaria is a global health problem that poses an enormous
burden on health systems and the broader economy, particular-
ly in Africa [1,2]. About 214 million malaria cases and 438,000
deaths were reported in 2015, where 90% of which occurred
in African [3]. In 2016, malaria caused 216 million cases and
445000 deaths worldwide. Africa is the most affected conti-
nent, contributing 90% of the global malaria cases and 91% of
these deaths [4]. Moreover, 212 million cases of malaria and
429000 deaths were reported [5], where 92% of the deaths oc-
curred in Africa, followed by South-East Asia (6%) and Eastern
Mediterranean Region (2%).

Net distribution is an integral part of a selective vector con-
trol strategy for malaria protection, having a significant impact
on malaria [4]. Regular use of ITNs reduces the overall death risk
by 20% and the number of clinical malaria episodes in young
children by 50% [6] and is used as preventive measures against
malaria [7]. Moreover, ITNs and IRS are recommended as the
cornerstone of the strategy for malaria control [8]. Ethiopia im-
plemented malaria control interventions, such as ITNs, IRS, and
environmental management to fight against malaria [9]. Ac-
cordingly, the impressive decline in child mortality has been at-
tributed to the implementation of vector control interventions
[10]. The decline in malaria morbidity and mortality was also
reported [11]. However, malaria remains a major health prob-
lem in Ethiopia [12]. Malaria is yet prevalent every rainy sea-
son, especially in the lowland areas of Ethiopia [13]. The health
minister has planned to cut malaria morbidity and mortality by
50% in 2015; however, the goal was not attained [14]. Weak
public awareness and practice towards malaria prevention and
control alternatives, persistent misunderstandings about malar-
ia, and unsatisfactory malaria control practices were reported
[15]. Moreover, respondents who were knowledgeable about
IRS compared to respondents who were not knowledgeable are
reported as less likely to take up IRS. Where respondents who
knew the reason for spraying (to kill mosquitoes) and knew the
frequency of spraying (after every six months) were considered
knowledgeable about IRS, although gaps in knowledge and
fears on health effects were identified as a challenge [16].

Previous studies investigated knowledge, attitudes, and prac-
tices related to malaria prevention options such as ITNs [17-21]
— these studies provide information on malaria prevention and
mostly relied on the assessment of knowledge about malaria
with specific study populations, but they did not explore the
socio-economic aspects and knowledge of households to ex-
plain the relationship. Studies indicate that Ethiopian commu-
nities are not well aware of the multi-dimensional challenges
of the disease despite the bitter facts of malaria, misuse of ITN,
limited knowledge of malaria transmission, and unsatisfactory
malaria control methods were reported [22-25]. Therefore, it
is pertinent to consider the impact of knowledge on strategic
interventions to prevent the spread of the disease. To the best
of our knowledge, none of the previous studies considers the
role of malaria knowledge in the relationship between ITNs and
malaria. In addition, no previous study tested the moderating
role of household income in strengthening the relationship
between strategic interventions and malaria based on malaria
knowledge.

Furthermore, this study aimed to test whether the relation-
ship between ITN and malaria prevalence varies with different
levels of household-income categories. Our research, therefore,
measured the influence of malaria knowledge and household
income in the relationship intending to investigate the effect of
ITN on malaria prevalence, with malaria knowledge and house-
hold income playing a moderated mediation role. Finally, we
conducted our analyses using structural equation modeling and
the random effect model of the panel data estimation tech-
nique.

Theoretical background: The mediating role of malaria
knowledge between strategic interventions and malaria con-
trol

The conceptual model we draw on to establish the relation-
ship between ITN and malaria prevalence is the health belief
model (HBM). According to the model, it is not only the sub-
jects’ beliefs that matter but also their knowledge and attitude
[26]. Personal perception is also influenced by the whole range
of interpersonal factors affecting health behaviors. Differences
in malaria knowledge have been shown to cause discrepan-
cies in tackling malaria disease [27]. The HBM hypothesizes
that health-related action depends on three classes of factors
[28,29]. The first class is the existence of sufficient motivation
(or health concern) to make health issues salient or relevant.
The second class is the belief that one is susceptible to a severe
health problem, which is often viewed as a perceived threat.
The third class is the belief that following a particular health
recommendation would be beneficial in reducing the perceived
threat at a subjectively acceptable cost. The model remains the
most widely employed theory of health behavior [30] and the
most commonly recognized approach in the health field [31].
The theory is based on the understandings that a person will
take health-related action if the person believes they are sus-
ceptible to the condition (perceived susceptibility); the con-
dition has serious consequences (perceived severity); taking
action would reduce their vulnerability to the condition (per-
ceived benefits), and these benefits outweigh the cost of taking
action (perceived barriers) [32]. The response is accepted more
easily if the person is exposed to factors that prompt measures
(cues to action) and is confident in their ability to act success-
fully (self-efficacy) [33].

Insecticide-treated mosquito nets (ITNs) were identified as
the most effective malaria prevention approach [21] and have
decreased malaria incidences by 50% in various settings and
malaria mortality rates by 55% in children under five years old
in Sub-Saharan Africa [4]. The perceived benefit and barrier of
the HBM do matter on the user preferences. Factors associated
with taking up IRS were socio-economic status and related fac-
tors. The success of malaria control intervention requires the
regular use of ITN to prevent malaria and mosquito bites [34].
Inadequate knowledge about malaria and lack of ITNs observed
[35], which is one of the challenges for the appropriate use
of these interventions. Higher use of bed net was reported in
the rainy season with 80%, vulnerability to high mosquito ar-
eas, and access to a health facility as contributing factors for
use with better than the one far from a health facility [36].
Similarly, pregnant women were more likely to implement ma-
laria preventive actions if they lived within five kilometers of
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clinics, were satisfied with available health services, and were
knowledgeable about the malaria preventive measures [37].
Awareness creation about the program is critical to engage in
preventive and control measures [38], which occurred through
iterative actions to strengthen the responsiveness of the popu-
lation to malaria prevention. Better utilization of ITN reported
among the community who understand infection and transmis-
sion methods of malaria [39]. Besides, differences in the level
of malaria knowledge have been shown to cause differences
in tackling malaria [27] due to differences in intervention use.
Similarly, respondents who were knowledgeable about malaria
control intervention, such as IRS, were more likely to accept the
spray compared to those who are not knowledgeable [16].

Moreover, better ownership and use of ITNs were reported
by the communities with good knowledge than unknowledge-
able ones [7]. The influence of knowledge gaps and a wrong
perceptions were also reported affecting the use of insecticide-
treated nets to protect malaria [40]. Likewise, lack of knowl-
edge about malaria reported having to hinder any measures
of personal protection [41]. Health motivation is the central
focus of the HBM to evoke health concerns, for example, liv-
ing in a malaria-prone area and the possibility of contracting
the disease [33,42]. Results also indicate that antenatal care
(ANC) services were a crucial factor for knowledge of malaria
where women who reportedly received ANC are 3.9 times more
likely to have accurate knowledge of malaria when compared
to those who did not use skilled ANC services [43], and their
educational level was significantly associated with this knowl-
edge. However, myths and misconceptions about malaria were
stated, and of 49.3% that owned insecticide-treated bed nets
(ITNs), only 18.2% used them consistently. Ethiopian study re-
ported a low level of caretaker’s knowledge regarding mosquito
bites to cause malaria by 66.4% of respondents. It was quite
heterogeneous by localities (ranging from 26.1% to 89.4%) and
altitude. Being low in high altitude and low in transmission ar-
eas (p < 0.05). 69.3% of the children slept under LLIN in the
previous night, of malaria-related knowledge items, only knowl-
edge of LLIN was associated with net use [24].

The present study employed the theory of the HBM, hold-
ing that the independent variable (ITN) should influence the
dependent variable (malaria prevalence) through mediat-
ing variables (malaria knowledge) and moderating variables
(household income). Thus, when a person has good knowledge,
having a positive attitude, and has access to intervention tools,
they are more likely to practice preventive measures. Addition-
ally, a person who has sufficient income and is knowledgeable
about the program is more likely to access the interventions to
protect from malaria. Thus, mediation occurs when the causal
effect of an independent variable (X) on a dependent variable
(Y) is transmitted by a mediator (M) [44], while the moderating
variable is the interaction terms at which the strength of the
relationship between two variables is dependent on a third vari-
able. So, the HBM is a tool used to explore the perceptions and
beliefs about malaria and the use of strategic interventions such
as ITNs [45]. Accordingly, the theory-guided the study in estab-
lishing the relationship between the explanatory variable (ITNs)
and the outcome variable (malaria-prevalence), and we exam-
ined whether household income has a moderating effect on a
direct and indirect relationship (through malaria knowledge).
Based on these logical arguments and previous literature, we
hypothesize that:

H,. An insecticide-treated mosquito net is positively and sig-
nificantly related to malaria prevalence.

H,. An insecticide-treated mosquito net is positively associ-
ated with malaria knowledge.

H,. Malaria knowledge is positively related to malaria preva-
lence.

H, Malaria knowledge links insecticide-treated mosquito
nets to malaria prevalence.

The moderating role of household income on the relation-
ships between strategic interventions and malaria control

Effective preventive action is the outcome of public health
program, which resulted in the access of the community to
malaria control interventions. Malaria morbidity and mortality
were associated with people’s socio-economic status [46] and
remain the leading cause of morbidity and mortality in low and
middle-income countries [47,48]. The burden of chronic dis-
ease is reported to increase in low and middle-income coun-
tries, where it constitutes multiple burdens along with infec-
tious diseases [49]. The notion coincides with the finding which
reported a positive association between household income
and ITN to use to protect malaria [50]. Furthermore, the qual-
ity of life and health status is linked to the economic, income,
and educational status of residents [51]. In addition, malaria
elimination is recorded from high-income countries, while it is a
challenge for low and middle-income countries [52]. Moreover,
the association between income and malaria preventive action
was reported, where higher income groups are two times more
likely to practice than low-income groups [53]. Access to the in-
tervention was influenced by household income [54]. Although
ITN is suggested as a means of malaria reduction, communities
with large families and low incomes are more affected by malar-
ia disease [55]. Furthermore, income level, age, education, and
occupation was reported as a significant predictor variable for
knowledge of malaria and intervention use [56]. Also, despite
the reported reduction in prevalence from 60 to 20% for cases
at the local health center, misconceptions about the cause of
malaria and misuse of preventive strategies were noted, where
poverty was deemed to be a contributing factor to malaria
transmission [57].

Moreover, the positive association of household income on
the use of ITNs to protect against malaria was reported [50].
The study also revealed that the quality of life and health status
are basically linked to the economic, income, and educational
attainment of residents [51]. Malaria elimination from high-
income countries was reported, though it is a challenge for low
and middle-income countries [52]. Likewise, the study revealed
the association between income and practice of malaria pre-
ventive actions, where higher income groups are more likely to
practice two times higher than low-income groups [53]. Besides,
the report shows access to intervention is influenced by house-
hold income [54]. Moreover, malaria was reported as the lead-
ing cause of morbidity and mortality in low and middle-income
countries [47,48]. Similarly, the burden of chronic diseases is
increasing in low and middle-income countries, where it consti-
tutes multiple burdens along with infectious diseases and other
health problems [49]. Similarly, though ITN was suggested as a
means of a malaria-reducing approach, the communities with
large families and low incomes were reported to be more af-
fected by malaria disease [55]. Incremental improvements in
socio-economic development, infrastructure, health services,
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housing, etc., have been reported to contribute to decreases
in the malaria reproduction rate and improve the possibilities
for malaria elimination over a longer time [27,58]. The study in
Kenya shows; age, marital status, occupation, and income lev-
els were the significant determinants of IRS utilization among
the rural communities [56]. The other study also showed age,
educational level, occupation, and income levels were signifi-
cant predictor variables for knowledge about malaria and using
IRS as a control tool [56]. Also, the mass distribution of insecti-
cide-treated net neither showed community-wide benefit nor
influenced the Spatio-temporal clustering of malaria. Though
proved to be protective at the individual level, sleeping under
the insecticide-treated nets was influenced by gender, age, and
proximity to the vector breeding site, lack of convenient space
to hang more than one net was reported as a challenge. Hence,
we propose the following hypothesis:

H,. Household income moderates the strength of the direct
relationship between insecticide-treated mosquito nets and ma-
laria prevalence, such that the relationship will be stronger for a
better income household than those who are poor households.

H,. Household income moderates the mediated relationship
between insecticide-treated mosquito nets and malaria preva-
lence via malaria knowledge, in such a way that the strength of
the mediated relationship will be different for different income
level categories.

4 ’—‘ \
Houschold income

Malaria p

\\Figure 1: A hypothesized model for moderated mediation analysis. |
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Materials and methods
Selection of sample and data

Under the objective of investigating the moderation media-
tion role of malaria knowledge and household income in the
relationship, the author evaluated data from the Ethiopian na-
tional malaria indicator survey (EMIS) and health and health-
related indicators, that obtained from the Federal Ministry of
Health, Ethiopia fielded from 2011 to 2015 empirically. The data
are collected by the Ethiopian Public Health Institute/Ministry
of Health collaboratively with Central Statistics Agency (CSA),
US President’s Malaria Initiative (PMI), United Nations Chil-
dren’s Fund (UNICEF), Malaria Control and Elimination Part-
nership in Africa (MACEPA/PATH), Malaria Consortium (MC)-
Ethiopia, World Health Organization (WHO), and ICAP. The data
contains extensive details about malaria and related indicators
on an annual basis. All malaria epidemic regions of the coun-
try are included in the study and the data are secondary panel
data containing 50 observations for final review after condens-
ing as suitable. All relevant variables for the current study were
identified. Accordingly, malaria (outcome variable), insecticide-
treated mosquito nets (independent variable), the income of
the household (moderating variable), and malaria knowledge
(mediating variable) were selected for the current study.

Analysis

Stata version 13.0 software package was used for statistical
data analysis. The insecticide-treated net was used as an in-
tervention strategy for malaria protection, and malaria knowl-
edge was found to mediate the relationship. Household income
played a moderating role, and we evaluated malaria preva-
lence as an outcome effect. We followed a two-step approach
to conduct the analysis and deduce the results — the principal
component analysis was used to condense variables given by
multiple indicators. We tested the theoretical framework in two
steps. First, the proposed linear relationship among the study
variables and the mediating effect are examined at once in the
same model (hypotheses 1-5). Second, the proposed modera-
tor “household income” was integrated into the model to test
whether the direct and indirect relationship (via malaria knowl-
edge) between ITN and malaria prevalence varied according to
different levels of household income (hypotheses 6). The sig-
nificance of the study and the corresponding 95% confidence
interval was determined using Wilson’s test. We used a z-test
to verify the statistical significance of the study variables for the
outcome variables and the mediating and moderating effect of
malaria knowledge and household income in the relationship.
The coefficient was used to evaluate the mediation of malaria
knowledge and moderation of household income via knowl-
edge on ITN-malaria prevalence relationships. All variables and
correlations were found to be significant if (p<0.05).

Empirical models

Dependent variables, i.e., malaria prevalence, independent
variable, i.e., insecticide-treated mosquito nets, mediating vari-
able, i.e., malaria knowledge, and moderating variable, i.e.,
household income. At the first stage, the author runs descriptive
statistics and correlation analysis among the study variables. In
the second stage, the author applied the random effect model
(REM) regression by splitting the data country-wise and keep
the variables, malaria knowledge, and income of the house-
hold as a control variable. In the third stage, the author applied
structural hierarchal moderation mediation regression. Thus,
the model is to explain the links of ITNs to malaria prevalence,
knowledge to malaria prevalence, ITNs to malaria knowledge,
household income to malaria prevalence, malaria knowledge to
household income, as well as household income interaction to
malaria prevalence in structural hierarchal moderated media-
tion regressions. Furthermore, the mediation effect of malaria
knowledge in the relationship between explanatory and out-
come variables is explained in the model.

The author designed various equations to examine the over-
all impact of the study variables. Thus, Equation (1) was de-
signed to test the relationship between ITNs and malaria preva-
lence. Equation (2) was used to examine the effect of malaria
knowledge on malaria prevalence. Equation (3) was designed
to test ITNs and malaria knowledge relationships to approve the
mediational effect. Equation (4) was employed to investigate
the moderating role of household income on malaria preva-
lence. Equation (5) was designed to test the effect of household
income on malaria knowledge. Equation (6) was developed to
investigate the moderating role of household income in the
relationship between ITNs and malaria prevalence through
knowledge of malaria, while Equation (7) was used to test the
effect of knowledge and income interaction in the relationship
between ITNs and malaria prevalence. Finally, the mediating ef-
fect of malaria knowledge in the relationship between ITNs and
malaria prevalence was investigated in Equation (8). The pres-
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ent research was also measuring the strength of the relation-
ship on the outcome of malaria at different levels of household
income category to approve the moderated mediation effect.
The model used a log of dependent and independent variables
to capture the moderating factors of household income given
by multiple indicators through principal component analysis.
The following eight equation models were used to test the re-
sults of the research hypotheses:

MP;= Bo+ B1(ITNs) + ;¢ (1)
MP;= Bo + B1(know) + &;; ()
ITNs;=Bo + B1(Know) + e (3)
MP;y= B + B1(Income) + &, (4)
Income;e= Bo + B1(Know) + & (5)

MP;=Po + B1(ITNs * Income) + &;; (6)

MP;=Bo + B1(Know* Income) + &;; (7)

MP;=Bo + f1(IUTNs) + B, (know) + &;;  (8)

Where MP represents a dependent variable, ITN is an inde-
pendent variable, malaria knowledge (Know) represents a me-
diating variable, household income (Income) is a moderatine
variable, while B represents an estimate of the effect, and it
represents the error term of the equation [59]. We assessed
the moderated mediation effect by disintegrating paths into di-
rect and indirect impact to identify the immediate effect of the

variables using the structural equation model [60]. The random-
effect model was used to solve endogeneity and serial corre-
lation; hence it has the advantage of higher efficiency relative
to the fixed-effect model (FEM), leading to smaller standard er-
rors of coefficients and higher statistical power to detect effects
[61,62]. The moderation and mediation were assessed by dis-
integrating paths into direct and indirect impact to identify the
immediate effect of the variables under the structural equation
model [60].

Results
Descriptive analysis

The author has empirically investigated 50 observations from
10 malaria-endemic regions of Ethiopia. Data in Table 1 shows
descriptive details, i.e., the means (M), standard deviations (SD),
and correlations among the study variables are listed in Table 1.
Correlation analysis showed that all of the study variables were
positively and significantly associated with each other. All of the
significant associations among the study variables were in the
expected directions.

Testing the direct relationship

The direct relationship between the study variables was
tested simultaneously. The results are presented in Table 2. The
results showed that a positive relationship between insecticide-
treated mosquito nets (ITNs) and malaria was reported (B =
0.28, p < 0.01). Besides, a positive coefficient () has had re-
ported in our analysis for all study variables, suggesting a posi-
tive relationship between insecticide-treated mosquito nets,
malaria knowledge, the income of the household, and malaria
prevalence.

( Table 1: Descriptive statistics of research variables \\
\ J
M SD Malaria ITNs Knowledge Income Interaction
Malaria pr. 9.328151 0.361 1.0000
ITNs 11.39936 0.536 0.5543* 1.0000
Knowledge 3 0.141 0.4778* 0.5918* 1.0000
Income 2 0.141 0.6559* 0.4964* 0.7907* 1.0000
Interaction 24.64259 2.170 0.7059* 0.6769* 0.7998* 0.9632* 1.0000

Note: Malaria pr. represents malaria prevalence, ITNs represent insecticide-treated mosquito nets, knowledge represents
malaria knowledge, income represents household income. M represents Mean; SD standard deviation, *p < 0.05.

[ Table 2: Results of the direct relationship. \\
o
Equation (1) Equation (2) Equation (3) Equation (4) Equation (5)
ITNs 0.278** 0.0523*
(0.0866) (0.0288)
knowledge 0.651
(0.417)
Income 0.628%** 1.655***
(0.132) (0.340)
Constant 6.165*** 2.403*** 7.374%** 1.744%** 6.018***
(1.083) (0.372) (1.335) (0.301) (0.762)
N 50 50 50 50 50

Note: Malaria prevalence is dependent variable, knowledge denotes malaria knowledge, income denotes house-
hold income. Standard errors in parentheses *p < 0.05, **p < 0.01, ***p <0.001.
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Testing the direct and indirect relationship (hypotheses 1-5)

Recently, the moderation mediation analysis has received
great attention in the literature as a useful tool for broaden-
ing the theoretical and practical understanding of causal
mechanisms and was applied in the present study. The effect
of malaria knowledge and household income in the relation-
ship between explanatory variables and outcome variables
(insecticide-treated mosquito nets and malaria prevalence) was
tested using structural hierarchal regression analysis. The pro-
posed direct and indirect relationships for all hypotheses were
simultaneously tested under structural equation modeling. The
results are depicted in Table 3. Accordingly, the results showed
a significant and direct relationship between insecticide-treated
mosquito nets and malaria prevalence (B=0.28, p=0.001), pro-
viding support for hypothesis 1. Additionally, insecticide mos-
quito net is positively related to malaria knowledge (B=0.053,
p=0.049), and malaria knowledge positively related to malaria
prevalence (B=65, p=0.118), confirming hypothesis 2 and 3. Our
result also supports the partial mediation of Judd & Kenny [63],
which reported a positive effect of mediating factors on the out-
come of malaria. The findings were corroborated by the study
report, which showed insecticide-treated mosquito nets as the
most preferred strategy for malaria prevention [21]. Other stud-
ies also indicate the use of insecticide-treated mosquito nets
to protect against malaria among the study communities [19].
Likewise, [54] reported a proper use of insecticide-treated mos-
quito nets could cut transmission of malaria disease at least by
60% and child mortality by 20%. To further confirm mediation,
we used Judd & Kenny Difference of Coefficients Approach,
which involves subtractions of the partial regression coefficient
obtained [63]. The result showed the indirect effect of insec-
ticide-treated mosquito nets on malaria prevalence through
malaria knowledge (B=0.47, p=0.003) was significantly different
from zero, with 95%CI. Thus, hypothesis 4 regarding the media-
tion effect of malaria knowledge was supported.

As seen in Table 3, the effect of the interaction between
insecticide-treated mosquito nets and household income on
malaria was positive and significant (f=0.12, P=.000), indicat-
ing a moderating effect. Thus, the results supported our pro-

posed hypothesis 4. Regarding the moderated mediation effect,
we checked four conditions suggested under Preacher et al.
(2007) that needed to be met for the existence of a modera-
tion mediation effect [44]. To establish moderation-mediation,
1) the relationship between the independent variable and the
outcome variable should be significant; 2) the interaction of
the moderator variable and the mediator variable with the out-
come variable should be significant; 3) the mediator variable
should be significantly related to the outcome variable, and 4).
the magnitude of conditional indirect effect should be different
at different levels of household income. The analysis showed
that ITN was significantly related to malaria prevalence (=0.28,
p < .001), thus satisfying condition 1. The interaction between
malaria knowledge and household income had a significant
effect on malaria prevalence ($=0.31, p=0.000), thus meeting
condition 2. Malaria knowledge was positively related to ma-
laria prevalence (B=0.65, p=0.118), thus meeting condition 3.
See Table 3 for results. These results were consistent with our
proposed hypothesis 5. The present study also shows a positive
association between the interaction of malaria knowledge and
the income of the household on malaria knowledge (B=0.16,
p=0.000). Revealing the moderation role of household income
on malaria knowledge, in such a way that, economically ad-
vanced communities have better program awareness than the
poor, this is maybe due to the access to information tools and
have better educational status.

e ™

\

Malaria knowledge

ai

Insecticide mosquito nets cr .
q Malaria prevalence

household income

Insecticide mosquito
nets*houschold income

Malaria
knowledge*household
income

\ Figure 2: Research model with structural path coefficients.

//
\\/ Table 3: Results of structural equation model path analysis. \\\
o /
Structural path Coef. Std. Er z p>z [95%Conf.interval]

ITNs => malaria prevalence 0.28 0.086 3.21 0.001 1078217 4472075
Malaria knowledge = malaria prevalence 0.65 0.416 1.56 0.118 -.1651322 1.467698
ITNs = malaria knowledge 0.05 0.029 1.82 0.049 -0041617 4472075
Income = malaria prevalence 1.65 0.339 4.87 0.000 9894127 2.320555
Income = malaria knowledge 0.58 0.117 4.94 0.000 .3502223 .811466
ITNs*Income => malaria prevalence 0.12 0.022 5.46 0.000 .0765954 .1624085
Know*Income => malaria prevalence 0.31 0.077 4.03 0.000 .1600749 4632444
Know*Income => malaria knowledge 0.16 0.021 7.86 0.000 .123759 .2060035
ITNs=> knowledge—> malaria prevalence 0.47 0.096 2.94 0.003 .0935075 14694023

Note: ITNs represent Insecticide-treated mosquito nets, knowledge represents malaria knowledge, income repre-

sents household income.
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Testing the conditional direct and indirect effects (Hypoth-
eses 6)

The consequences of the program on welfare depend on
whether it affected mostly the outcome (malaria prevalence) at
low, second, middle, fourth, and high-level income categories.
It is, therefore, important to investigate at what level of house-
hold income the program was effective irrespective of the cu-
mulative function of household income to impact the relations.
As we have checked the three conditions for the moderated
mediation effect to exist, here we examine the fourth condi-
tion. Thus, regarding condition 4, the conditional indirect effect
ITNs on malaria prevalence via malaria knowledge was found
to be different across different levels of household income. As

seen in Table 4, the indirect effect of insecticide-treated nets
on malaria prevalence via malaria knowledge was positive and
significant (B=0.15, p=0.000) for households under the second-
level income category. Conversely, for the household with low-
level incomes, the indirect effect of insecticide-treated nets on
malaria prevalence via malaria knowledge becomes insignifi-
cant (B=0.024, p=0.539). A significantly negative indirect effect
of insecticide-treated nets on malaria prevalence via malaria
knowledge is shown (B= -.139, p=0.022) for the high-level-
income category. These results were consistent with our pro-
posed hypothesis 6. See Table 4 for results related to hypoth-
eses 6. These results constitute an example of the differential
impact of various income level categories to influence ITNs and
malaria relations.

\/ Table 4: Conditional indirect effect of insecticide-treated nets on malaria prevalence. \\\
\_ Yy
Income level categories Coef. Std. Er z p>z [95% Conf.interval]
Low-level income 0.024 0.039 0.42 0.539 -.0520826 .09961
Second-level income 0.154 0.042 3.69 0.000 .0720282 .2356026
Middle-level income 0.110 0.041 2.68 0.007 .0297021 .1905831
Fourth-level income 0.073 0.035 2.04 0.041 .0029975 .1420064
High-level income -.139 0.060 -2.29 0.022 -.2589428 -.0199555

Discussions

The aim of this work was to shed light on the following inter-
esting yet overlooked concerns. Thus, the study is endeavored
to investigate the mediating mechanisms of malaria knowledge
between insecticide-treated mosquito nets and malaria prev-
alence in the public health context. Then it sought to analyze
the moderating effect of household income in the relationship
between insecticide-treated mosquito nets and malaria preva-
lence. The success of malaria control intervention requires the
regular use of ITNs to prevent malaria and mosquito bites [64].
Knowledge of the people about malaria transmission is an im-
portant predictive factor of ITNs utilization [65]. The findings
contribute to research on public health in the context of infec-
tious disease prevention and control by conceptualizing and
empirically testing the moderated mediation effect of malaria
knowledge and household income in the relationship between
insecticide-treated nets and malaria prevalence. The results
of structural hierarchal regression modeling mainly supported
all the anticipated relationship hypotheses. The study demon-
strates a positive and direct relationship between ITNs and ma-
laria prevalence. The findings are consistent with those of pre-
vious studies [35,66,67], which showed the benefit of ITNs for
malaria protection. The findings imply that ITNs are an action-
based mechanism designed in response to malaria. This find-
ing is consistent with previous findings that ITNs are a malaria
prevention method [18].

Furthermore, this finding promotes a contextualized under-
standing of the possible causes of malaria by providing a set of
antecedents rooted in public health, which may inspire cerebral
rationalizations. We also found that ITN was positively related
to malaria knowledge, and malaria knowledge was positively re-
lated to malaria prevalence. The result demonstrated the use of
malaria knowledge to increase the effective use of ITNs. These
findings highlight the need for knowledge intervention in the
implementation of malaria control interventions, such as ITNs.
Consistent with the study conducted in four provinces of Zam-

bia that showed high levels of knowledge about malaria with
regards to mosquito being the vector and the capacity of ma-
laria to kill in all the provinces, and did not vary statistically [68].
Correlation between increased knowledge and good treatment-
seeking behavior was demonstrated. However, the translation
of knowledge to improved practice was inadequate. Programs
must consider local values and emphasize the role of vectors in
the transmission of disease to ensure protection from malaria
[69-71]. By relating insecticide-treated mosquito nets to malar-
ia prevalence, this study highlights the implications of malaria
knowledge and household income in fighting against malaria
for an individual community. Furthermore, the present findings
suggest a positive and significant relationship between ITNs and
malaria prevalence when the outcome variable is linked with
explanatory factors as malaria knowledge plays a mediating
role. This argument is consistent with the previous conceptual-
ization that perceived severity, benefit, and self-efficacy, reflect-
ing a reaction to practice [45]. Likewise, this study is consistent
with the report that people’s behavior in response to the threat
is influenced by their current perception and conceptualization
of the diseases [35].

Furthermore, the direct as well as the indirect relationship
(via malaria knowledge) between ITNs and malaria prevalence
was stronger for the households of the second-level income cat-
egory. This finding revealed that households owning better in-
come have an improved level of knowledge about malaria. The
association may be explained by a person from economically
advanced households might have more exposure to informa-
tion tools such as mass media than the poor. Consistent with the
previous finding that reported household income, educational
status, and residence as the predictors of malaria knowledge
[72]. The present study also found a strong effect of household
income in the relationship, suggesting that individuals perform
best malaria control interventions when household income is
moderate, and that performance is negative and insignificant
when household income is too low and too high respectively.
Here the relationship may be explained as an individual person
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from an economically rich family may have an access to search
for other alternatives than the existing interventions. On the
other hand, the associations for low-income households may
be explained by a person who is from a very poor family may be
exposed to limitations on the basic necessities such as food, and
prefer to sell than households with a better income. This finding
is consistent with a previous study, which reported that a low-
income earning community might not have access to effective
preventive interventions such as ITNs [73]. Similarly, household
income was also reported among the factors that influence
awareness regarding malaria and possible malaria prevention
access, such as vaccines [74].

Moreover, this study will help to develop an in-depth under-
standing of the relationship between malaria and household in-
come and the relationship between strategic interventions and
the prevalence of malaria in order to achieve malaria elimina-
tion. This study has empirically proven its role in evaluating situ-
ational factors as moderators and mediators in the relationships
when umpiring the ethicality of an action. Generally, our study
concludes that there is a positive relationship between ITNs and
malaria prevalence, and household income and malaria knowl-
edge play a moderated mediating role. Improvements in the
knowledge of malaria transmission and prevention approach
revealed as an essential intervention for increasing proper use
of ITNs that affects the outcome of malaria. This is therefore a
need to strengthen the policy on knowledge of malaria preven-
tion and control as an integral component with the distribution
of ITNs in the health care setting to enhance its utilization.

Implications

Malaria imposes a heavy burden on people, particularly in
Ethiopia. Local understandings about malaria and the use of
malaria control interventions are critical factors in sustained
malaria control. Nevertheless, many studies on malaria preven-
tion and control have not studied the effect of malaria knowl-
edge and household income on strategic interventions and
malaria relationships. As reported in different studies, access
to interventions cannot solve the challenges of its utilization
for infectious disease prevention and control, primarily malaria.
Therefore, the provision of proper health education programs
has to be given due focus to improve awareness about malaria
and its prevention. Our findings support the active moderated
mediation roles of malaria knowledge and household income
in the relationship, where low-level income households are re-
ported to have an insignificant and negative relationship with
ITNs. The study reported associations of access to and use of
intervention methods with household income [7]. This study
offers concrete and practical information for policymakers and
health planners on the invaluable advantage of malaria knowl-
edge and household income to ensure the program’s optimum
performance. Malaria threatens mostly pregnant women and
children, and achieving malaria elimination goals is possible
only through awareness creation backed by proper education
of vulnerable groups. Therefore, the study recommends that
policymakers should strengthen the provision of health educa-
tion that helps improve program-related knowledge.

Furthermore, the findings demonstrate the incorporation of
health-related subjects in education curricula from the primary
school level, in line with community-based health literacy for
adults. Furthermore, the report suggests that health planners
should ensure that the program is understood, particularly in
relation to the prevention and control of communicable diseas-
es such as malaria, to strengthen the usage culture of preven-

tion interventions. Also, despite improving access regarding ma-
laria prevention and control methods, policymakers and health
planners should recognize that proper education is a significant
factor in strengthening the relationship between intervention
strategy and malaria. Thus, for infectious disease prevention
and control programs to succeed, dimensional observation is
crucial. Therefore, the provision of proper health education
programs has to give due focus to improve awareness about
malaria and its prevention.

Overall, the policy as presently formulated, despite the gen-
eral understanding of the broad public health implications, the
burden of infection and death in sub-Saharan Africa has been
largely neglected. This has contributed to the low awareness
of malaria control interventions, such as ITNs and IRS, strate-
gic implementations, and the long delay in the elimination of
this deadly disease in Africa, and the inability to meet the RBM/
MDGs targets set for 2015. The health implication of these
shortcomings is a worsening healthcare sector, a decline in
quality of life, unsafe environment, and structural disequilib-
ria. This research offers concrete and practical information to
policymakers and health planners, the invaluable advantage
of malaria knowledge and income of the household to assure
the program’s optimum performance. Malaria threatens mostly
pregnant women and children, and achieving malaria elimina-
tion goals is only possible through awareness creation backed
by proper education for vulnerable groups. So, the study rec-
ommends policymakers strengthen the provision of health edu-
cation programs. Besides, the findings demonstrate the incor-
poration of health-related subjects in education curricula from
the primary school level, in line with community-based health
literacy for adults, has to be given due attention to strengthen-
ing the usage culture to prevention interventions.

Conclusion

The present study explored how malaria control interven-
tion in terms of mosquito protection positively related to the
outcome of malaria through malaria knowledge and household
income. Nevertheless, many studies on malaria prevention and
control have not studied the effect of these factors on strate-
gic interventions and malaria prevalence. As reported in dif-
ferent studies, access to interventions alone cannot solve the
challenges related to utilization. Therefore, the provision of
proper health education has to be given due focus to improve
awareness about malaria and its prevention. In addition, vari-
ous studies reported associations between household income
and access to and use of intervention methods [7]. Our find-
ings support the active moderated mediation roles of malaria
knowledge and household income in the relationship. This
study offers concrete and practical information for policymak-
ers and health planners about the priceless advantage of ma-
laria knowledge and household income to ensure the program’s
optimum performance. Malaria threatens mostly pregnant
women and children, and achieving malaria elimination goals
is possible only if program-related understandings for the com-
munity are in place. Therefore, this study recommends policy-
makers strengthen the provision of proper health messages for
better sympathetic, such as community-based health literacy
for adults. Moreover, it would be significant to discover the cu-
mulative effect of these factors in fighting against malaria on
the relationship between explanatory and outcome variables.
The findings support the importance of malaria knowledge and
household income in the relationship.
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