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Abstract
Aim Malaria is one of the most serious public health issues worldwide and is still responsible for the deaths of nearly half a
million individuals every year worldwide. The aim of this study is to investigate the epidemiology of the incidence of and
mortality from malaria and its association with the human development index (HDI).
Subjects and methods The present research is an ecological study conducted in 2017 that explored the association between the
HDI and incidence of and mortality frommalaria inWHO regions based on data extracted from theWorld Bank. In this study, the
two-variable correlation method was adopted to analyze the data extracted to investigate the correlation between malaria
incidence and HDI. A significance level of P < 0.05 was considered. The analyses were performed using Stata14 software.
Results The highest incidence of malaria in the world was reported in 2001 (80.73 per 1000 people) and the lowest in 2017 (59.12
per 1000). The results revealed a significant reverse correlation between malaria incidence (r = −0.640, P < 0.0001) and the HDI
index in 2017. The analysis of HDI decomposites with malaria incidence in 2017 demonstrated a reverse and significant correlation
betweenmalaria incidence and gross national income per 1000 capita (r = −0.365,P < 0.0001), mean years of schooling (r = −0.477,
P < 0.0001), life expectancy at birth (r = −0.694, P < 0.0001) and expected years of schooling (r = −0.458, P < 0.0001).
Conclusion Given the reverse correlation between malaria incidence and HDI, a greater emphasis on factors associated with the
disease in these countries, effective prevention and awareness raising about the means of transmission can be effective in curbing
the incidence of this disease.
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Introduction

Malaria is a disease caused by protozoan parasites of the genus
Plasmodium, which has five different species: falciparum,
Plasmodium vivax, Plasmodium malaria, Plasmodium ovale
and Plasmodium (Shapiro) infection, with different
Plasmodium species producing various clinical outcomes in
patients (Yang et al. 2018). The most viral and lethal species
of malaria worldwide is P. falciparum, although other
Plasmodium species can also cause serious illness in humans
(Kasetsirikul et al. 2016).

In light of extensive worldwide efforts, the global burden
of malaria has declined dramatically since 2000. The inci-
dence rate has dropped by 37% and the mortality rate by
60% (Eperon et al. 2017). This decrease, which is evident
worldwide, is chiefly the outcome of interventions such as
the control of malaria-carrying mosquitoes (the use of

* Zaher Khazaei
Zaherkhazaei@yahoo.com

1 Social Determinants of Health Research Center, Lorestan University
of Medical Sciences, Khorramabad, Iran

2 Department of Public Health, School of Medicine, Dezful University
of Medical Sciences, Dezful, Iran

3 Shahrekord University of Medical Sciences, Shahrekord, Iran
4 Physiology Research Center, Institute of Basic and Clinical

Physiology Sciences, Kerman University of Medical Sciences,
Kerman, Iran

5 Social Determinants of Health Research Center, Research institute
for Health Development, Student Research Committee, Kurdistan
University of Medical Sciences, Sanandaj, Iran

6 Iranian Research Center on Healthy Aging, Sabzevar University of
Medical Sciences, Sabzevar, Iran

7 Department of Epidemiology, School of Public Health, Ilam
University of Medical Sciences, Ilam, Iran

Journal of Public Health: From Theory to Practice
https://doi.org/10.1007/s10389-020-01336-6

http://crossmark.crossref.org/dialog/?doi=10.1007/s10389-020-01336-6&domain=pdf
http://orcid.org/0000-0001-8619-3664
mailto:Zaherkhazaei@yahoo.com


insecticides, spraying indoor spaces), treatment of patients and
improved diagnosis (rapid diagnostic tests) (Bhatt et al. 2015).

In 2015, malaria was still endemic in 91 countries, of which
43 were located in sub-Saharan Africa, and 212 million new
cases and 429,000 deaths were reported in this year. In addi-
tion, 90% of malaria cases and 92% of deaths were reported in
sub-Saharan Africa (Qin et al. 2017). Globally, > 90% of
deaths are caused by Plasmodium falciparum (99% in
Africa) and 7.2% by Plasmodium vivax (Thellier et al. 2019).

Malaria is an example of a disease that reflects widening
social inequalities (Franco-Herrera et al. 2018). Among the
several parameters associated with malaria, social factors have
gained widespread recognition, and the socio-economic indi-
cators related to these social factors can be explored at differ-
ent levels (micro- and macro-social). In this regard, the human
development index (HDI) is a key indicator that explores di-
mensions such a long and healthy life (life expectancy), access
to knowledge (education) and a decent standard of living
(income) (Franco-Herrera et al. 2018).

In many countries, lack of preventive education programs
and access to medical services, coupled with other social deter-
minants such as unemployment, political instability, low level
of education, malnutrition and lack of access to adequate health
services, further complicates the problem, affecting the inci-
dence of and mortality from the disease (Bhutta et al. 2014).
Given the above, the goal of the present study is to evaluate the
epidemiology of the incidence of and mortality from malaria
and its association with the 2017 Human Development Index.

Method

This is an ecological study that investigates the relationship
between malaria incidence and the World Development
Index. The study data including HDI values and incidence
of and mortality from malaria in WHO regions were extracted
from the World Bank.

Human development index (HDI)

With numerical values of 0 and 1, the HDI reflects the extent
of a country's progress toward the highest possible value, 1,
which allows a comparison of countries in this regard. The
HDI is an abstract human development measure. It measures
the average success of a country according to three main di-
mensions of human development: a long and healthy life,
access to knowledge and decent standards of living. The first
dimension is measured by life expectancy at birth. Knowledge
is measured by a combination of adult literacy and the specific
enrollment ratio in primary, secondary and university educa-
tion (mean years of schooling) and the standards of living
according to the gross national income (GNI) (Bray et al.
2012; Khazaei et al. 2019a, b).

Statistical analysis

In this study, the two-variable correlation method was used to
analyze the data extracted to study the correlation between
malaria incidence and HDI. The significance level was
P < 0.05. The analyses were made using Stata software ver-
sion 12 (Stata Corp, College Station, TX, USA).

Results

Malaria cases

In 2017, an estimated 219 million cases of malaria were re-
ported worldwide (95% CI: 203–262 million) compared with
239million cases in 2010 (95%CI: 219–285million).Most of
the 2017 cases were in the WHO African Region (92%),
followed by the WHO South-East Asia Region (5%) and the
WHO Eastern Mediterranean Region (2%). Fifteen countries
in sub-Saharan Africa and India carried about 80% of the
global malaria burden. Five countries accounted for nearly
half of all malaria cases worldwide: Nigeria (25%),
Democratic Republic of the Congo (11%), Mozambique
(5%), India (4%) and Uganda (4%). The ten counties that
carried the highest burden of Malaria in Africa reported
growth in the number of malaria cases in 2017 compared to
2016. Of these, Nigeria, Madagascar and the Democratic
Republic of the Congo reported the highest estimated in-
crease, all greater than half a million cases. In contrast, India
reported 3 million fewer cases in the same period, indicating a
24% decrease compared to 2016. The incidence rate of malar-
ia declined globally between 2010 and 2017, from 72 to 59
cases per 1000 population at risk. Although this figure repre-
sents an 18% reduction over this period, the number of cases
per 1000 population at risk has remained at 59 over the past
3 years (Figs. 1 and 2).

Figure 3 shows the trend of malaria incidence in the world
and in WHO regions in the 2010–2017 period (Fig. 3).

According to the results, the highest global incidence of
malaria was reported in 2005 (80.73 per 1000 people) and
the lowest in 2017 (59.12 per 1000 persons). The highest
incidence was reported in Africa between 2000 and 2017
and the lowest in Europe (Table 1).

Plasmodium falciparum is the most prevalent species of
malaria parasite in the WHO African Region, accounting for
99.7% of estimated malaria cases in 2017 as well as in the
WHO regions of South-East Asia (62.8%), the Eastern
Mediterranean (69%) and the Western Pacific (71.9%).
P. vivax is the predominant parasite in the WHO Region of
the Americas, representing 74.1% of malaria cases (Fig. 4).

Figure 5 shows the trend of malaria mortality in the Global
and in WHO regions 2010-2017 period (Fig. 5).
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Malaria deaths

In 2017, there were an estimated 435,000 malaria-induced
deaths globally compared with 451,000 estimated deaths in
2016 and 607,000 in 2010.

The WHO African Region accounted for 93% of all malar-
ia deaths in 2017. Although the WHOAfrican Region had the
highest rate of malaria deaths in 2017, it also accounted for
88% of the reduction (172,000 cases) in global malaria deaths
reported in 2017 compared to 2010.

Nearly 80% of global malaria deaths in 2017 were concen-
trated in 17 countries in the WHO African Region and India,

of which 7 countries accounted for 53% of all global malaria
deaths: Nigeria (19%), Democratic Republic of the Congo
(11%), Burkina Faso (6%), United Republic of Tanzania
(5%), Sierra Leone (4%), Niger (4%) and India (4%).

AllWHO regions except theWHORegion of the Americas
reported diminished mortality in 2017 compared with 2010.
The largest decline was registered in the WHO regions of
South-East Asia (54%), Africa (40%) and the Eastern
Mediterranean (10%). There has been a continuous decline
in global malaria deaths over time.

Table 2 shows malaria deaths in WHO regions and
worldwide. As can be seen, the highest rate of malaria

Fig. 2 Projected change in malaria incidence rate in countries, 2000–2015 (source WHO database)

Fig. 1 Countries with indigenous cases of malaria in 2000 and their status
in 2017 compared to countries with zero indigenous cases over at least the
consecutive years, which are considered malaria free. All countries in the

WHO European region reported zero indigenous cases in 2016 and 2017.
In 2017, both China and El Salvador reported zero indigenous cases.
WHO: World Health Organization (source WHO database)
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deaths in the world was reported in 2010 with 607,000
cases and the lowest in 2017 with 435,000 cases. The
highest mortality rate was reported in Africa and the
lowest in the Region of the Americas. The European
region did not report any cases of malaria deaths in
these years.

The following diagrams show the trend of malaria deaths
worldwide and in WHO regions during 2010–2017.

Table 3 summarizes the epidemiology, reported cases and
estimated malaria deaths in the 2017–2010 periods.

Malaria and HDI

Results showed a significant reverse correlation between ma-
laria incidence (r = −0.640, P < 0.0001) and HDI in 2017
(Fig. 6).

The analysis of HDI decomposites with malaria incidence
in 2017 demonstrated a significant negative correlation be-
tween malaria incidence and GNI (r = −0.365, P < 0.0001),
MYS (r = −0.477, P < 0.0001), LEB (r = −0.694, P < 0.0001)
and EYS (r = 00.458, P < 0.0001) (Table 4).

a) Global 

b) WHO region 

Fig. 3 Trends in malaria
incidence rate (cases per 1000
population at risk): a globally and
b by WHO region, 2010–2017
periods. Source: WHO estimates.
AFR: WHO African Region;
AMR: WHO Region of the
Americas; EMR: WHO Eastern
Mediterranean Region; SEAR:
WHO South-East Asia Region;
WPR: WHO Western Pacific
Region, WHO: World Health
Organization

Table 1 Malaria incidence from 2010 to 2017 by WHO region

Malaria incidence (per 1000 population at risk)
WHO region

2017201620152014201320122011201020052000
219.38219.92224.20233.43245.42253.35260.38275.13323.47327.69Africa
7.315.404.403.744.444.634.936.6511.1514.58Americas
7.058.988.928.729.1712.3714.4217.3220.9220.56South-East Asia

0000.000.000.010.020.061.9913.84Europe
14.7715.1414.8815.8313.6014.8916.4416.2321.2328.19Eastern Mediterranean
2.472.321.953.192.772.592.192.563.454.80Western Pacific

59.1259.2959.4561.2063.2765.8867.7271.7380.7378.87(WHO) Global
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Discussion

Malaria is one of the most epidemic diseases in the world and
is endemic to tropical and subtropical regions. Malaria is an
example of diseases that manifest widening socio-economic
inequalities (Ahmad et al. 2011; Franco-Herrera et al. 2018).
In addition to mortality, malaria infection can cause anemia,
low birth weight and abortion. Malaria plagues about 500
million people a year, leading to the death of about million
people a year (de Deus Vieira et al. 2014).

The results of our study showed that the highest incidence
of malaria in the world is in Africa and the lowest in Europe.
In the tropical and subtropical regions of Latin America, there
are still several endemic malarial regions that impose a signif-
icant burden on the local population. Most cases of malaria in
South America occur in the Amazon region. In 2015, the four
countries surveyed accounted for 83% of malaria cases in the
Americas: Brazil (24%), the Bolivarian Republic of
Venezuela (30%), Colombia (10%) and Peru (19%) (WHO
2013).

a) Global 

b) WHO region 

Fig. 5 Trend of malaria mortality
rate (deaths per 1000 population
at risk), globally and in WHO
regions in 2010–2017 periods.
Source: WHO estimates. AFR:
WHO African Region; AMR:
WHO Region of the Americas;
EMR: WHO Eastern
Mediterranean Region; SEAR:
WHO South-East Asia Region;
WPR: WHO Western Pacific
Region

Fig. 4 Estimated malaria cases (millions) by WHO region in 2017. The
area of the circles shows the percentage of the estimated number of cases
in each region. Source: WHO Estimate. AFR: WHO African Region;
AMR: WHO Region of the Americas; EMR: WHO Eastern

Mediterranean Region; SEAR: WHO South-East Asia Region; WHO:
World Health Organization;WPR:WHOWestern Pacific Region (source
WHO database)
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In developed countries, the incidence of HDI-related ma-
laria is low. In recent years, malaria has reappeared in temper-
ate regions such as Greece, the Korean Peninsula and
Australia (Brachman 1998; Danis et al. 2011; Hanna et al.
2004). In the region of the Americas, malaria transmission
was reported in 21 countries, where 203 million people live
in areas at high risk of infection (Renault et al. 2007).

Differences in the incidence and mortality rate of malaria in
people of different social strata may indicate the role of socio-
economic status, rapid and convenient access to health ser-
vices, unemployment, low education, malnutrition and lack
of access to primary health care in this regard (Bhutta et al.
2014).

The results of this study suggest that there was a significant
negative correlation between malaria incidence (R = −0.640,
P < 0.0001) and HDI in 2017. The higher incidence of malaria
in countries with lower HDIs can be explained by delayed use
of diagnostic methods, poor economic status and geographical
conditions.

The highest incidence of HDI-related malaria in the world
is in countries with low HDI values. The highest mortality rate
for HDI-related malaria is reported in African countries. In the
past decade, countries in the Latin American region (except
for Venezuela) have witnessed a decrease in the incidence of
the disease (Medina-Morales et al. 2016). It is estimated that
about 1 million lives have been taken by the disease in Africa
(Murray et al. 2012).

Malaria is more prevalent in countries with low HDI
values, especially in sub-Saharan Africa, where poverty is
widespread and there is low economic growth (Sachs and
Malaney 2002; Teklehaimanot and Mejia 2008). Twenty per-
cent of the world’s poorest populations comprise 58% of ma-
laria deaths. An increase of macro-level evidence indicates
that there is a causal link between malaria and low socio-
economic levels (Gallup and Sachs 2001; Sachs and
Malaney 2002).

A review of micro-level analyses (family and population)
on the relationship between malaria and socio-economic sta-
tus obtained different results (Worrall et al. 2005).

In Ghana, the social class did not indicate the malaria risk.
In Tanzania, there was no reported association between

malaria and and socio-economic status (SES), but the preva-
lence of malaria was significantly higher among lower SES
individuals (Somi et al. 2008).

In Sonko et al.’s study, the prevalence ofmalaria, even after
adjusting for age, sex and health area, regardless of age group,
was strongly associated with the level of development (Sonko
et al. 2014). In studies conducted in the African desert, em-
ployment and housing were associated with malarial infection
(Ayele et al. 2012, 2014; Clarke et al. 2001; De Beaudrap et al.
2011; Gahutu et al. 2011; Winskill et al. 2011; Worrall et al.
2005).

Historically, malaria has been eradicated in the USA,
Italy, Greece and Spain through socio-economic develop-
ment and intensive anti-malarial interventions such as
housing improvement. In Gambia, a randomized controlled
trial showed that controlling doors and windows and prop-
er housing related to contact with malaria pistachios re-
duced the risk of malaria among children by 50% (Kirby
et al. 2009).

This randomized controlled trial has proven that advances
in housing quality can greatly reducemalaria transmission and
its occurrence.

In Mozambique (Temu et al. 2012), Eritrea (Ghebreyesus
et al. 2000; Sintasath et al. 2005) and the Democratic Republic
of Laos, living in grass-roofed houses increased the probabil-
ity of contracting malaria (Hiscox et al. 2013). Similarly,
houses built with bamboo walls, windows and doors, and
often inhabited by people of lower SES, allow mosquitoes to
enter the house (Hiscox et al. 2013). The mud used as a wall
material was associated with a high prevalence of malaria
(Bousema et al. 2010).

Franco-Herrera et al.'s (2018) study did not reveal any sig-
nificant association between malaria and HDI incidence in
five of the six countries studied (except for Venezuela) during
2005–2015 (Franco-Herrera et al. 2018). A 2014 study by de
Deus Vieira et al. showed that there was a significant positive
correlation between malaria incidence and HDI. This correla-
tion was stronger in people from lower socio-economic back-
grounds (de Deus Vieira et al. 2014).

A 2004 study by Jean et al. did not exhibit a significant
relationship between the incidence of malaria in newborns and

Table 2 Estimated number of malaria deaths by WHO region, 2010–2017 sources: WHO Estimates

Number of deaths
WHO region

20172016201520142013201220112010
403000413000432000446000467000489000517000555000African

630460320300400400450480Americas
83008160866085206750734072808070Eastern Mediterranean

00000000European
1970025600252002410021800284003280039800South-East Asia
36203510286044204600385033403770Western Pacific

435000451000469000483000500000529000561000607000World
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HDI. The observed difference in the incidence and mortality
rate of malaria related to other contributing factors could be
attributed to distinctions in individuals' social classes (Van
Geertruyden et al. 2004).

Social and economic developments have had a major im-
pact on the incidence of and mortality from malaria. Malaria
risk is on the rise in low- and middle-income countries.

Adverse economic conditions, population density and envi-
ronmental temperature conducive to mosquito growth and
proliferation are among the HDI-related malaria risk factors.
The incidence of and mortality from malaria have been linked
to the economic growth of societies, with the majority of
malaria-related deaths being reported in poor and low-
income countries (Were et al. 2018, 2019).

Table 3 Summary of epidemiology and malaria status in the WHO regions (sources: WHO Estimates)

Estimated cases and deaths, 
2010–2017

Reported cases and deaths,
2010–2017

EpidemiologyContinents 
of the world

Cases: 116.1 million (2010), 102.0 million 

(2015), 104.2 million (2017); decrease 

2010–2017: 10% Deaths: 320 000 (2010), 

231 000 (2015), 205 000 (2017); decrease 
2010–2017: 36%

Total presumed and confirmed cases: 29.1 million (2010), 

52.0 million (2015), 57.9 million (2017); increase 2010–2017: 

99%; increase 2015–2017: 11% Total confirmed cases: 6.9 

million (2010), 32.7 million (2015), 41.1 million (2017); 

increase 2010–2017: 495%; increase 2015–2017: 26% Total 
deaths: 39 000 (2010), 21 600 (2015), 18 400 (2017); 

decrease 2010–2017: 53%; increase 2015–2017: 15%

Population at risk: 374 million

Parasites: P. falciparum (almost 

100%)

Vectors: An. arabiensis, An. funestus, 

An. gambiae, An. hispaniola, An. 
labranchiae,

An. melas, An. moucheti, An. 

multicolor, An. nili, An. pharoensis 

and An. sergentii

West Africa

Cases: 41.0 million (2010), 43.9 million 

(2015), 45.5 million (2017); increase 

2010–2017: 11% Deaths: 117 700 (2010), 

94 100 (2015), 92 300 (2017); decrease 
2010–2017: 22%

Total presumed and confirmed cases: 20.4 million (2010), 

25.4 million (2015), 34.1 million (2017); increase 2010–2017: 

67%; increase 2015–2017: 34% Total confirmed cases: 6.3 

million (2010), 22.2 million (2015), 30.4 million (2017); 

increase 2010–2017: 383%; increase 2015–2017: 37% Total 
deaths: 40 400 (2010), 58 200 (2015), 55 300 (2017); increase 

2010–2017: 37%; decrease 2015–2017: 5%

Population at risk: 174 million 

Parasites: P. falciparum (100%) 

Vectors: An. arabiensis, An. funestus, 

An. gambiae, An. hancocki, An. 
melas, An. moucheti, An. nili and 

An. pharoensis

Central Africa

Cases: 49.1 million (2010), 47.8 million 

(2015), 50.6 million (2017); increase 

2010–2017: 3% Deaths: 116 000 (2010), 

105 400 (2015), 103 600 (2017); decrease 

2010–2017: 11%

Total presumed and confirmed cases: 53.2 million (2010), 

56.2 million (2015), 58.9 million (2017); increase 2010–2017: 

11%; increase 2015–2017: 5% Total confirmed cases: 13.5 

million (2010), 34.0 million (2015), 45.6 million (2017); 

increase 2010–2017: 238%; increase 2015–2017: 34% Total 

deaths: 70 700 (2010), 38 300 (2015), 20 100 (2017); 

decrease 2010–2017: 72%; decrease 2015–2017: 48%

Population at risk: 350 million 

Parasites: P. falciparum (89%) and P. 

vivax (11%) Vectors: An. arabiensis, 

An. funestus, An. gambiae, An. 

merus, An. nili and An. pharoensis

East and 

Southern 

Africa

Cases: 134 000 (2010), 87 400 (2015), 235 

000 (2017); increase 2010–2017: 75% 

Deaths: 347 (2010), 294 (2015), 741 

(2017); increase 2010–2017: 114%

Total presumed and confirmed cases: 205 300 (2010), 48 000 
(2015), 132 500 (2017); decrease 2010–2017: 35%; increase 

2015–2017: 176% Total confirmed cases: 82 400 (2010), 33 

900 (2015), 112 700 (2017); increase 2010–2017: 37%; 

increase 2015–2017: 233% Total deaths: 242 (2010), 178 

(2015), 453 (2017); increase 2010–2017: 87%; increase 

2015–2017: 154%

Population at risk: 15 million 

Parasites: P. falciparum (98%) and P. 

vivax (2%) Vectors: An. funestus, 

An.gambiae s.s. and An. gambiae

East and 

Southern 
Africa

Cases: 813 500 (2010), 573 200 (2015), 

975 700 (2017); increase 2010–2017: 20% 
Deaths: 475 (2010), 316 (2015), 625 

(2017); increase 2010–2017: 32%

Total presumed and confirmed cases: 677 200 (2010), 450 

100 (2015), 773 500 (2017); increase 2010–2017: 14%; 

increase 2015–2017: 72% Total confirmed cases: 677 200 
(2010), 450 100 (2015), 773 500 (2017); increase 2010–2017: 

14%; increase 2015–2017: 72% Total deaths: 190 (2010), 98 

(2015), 87 (2017); decrease 2010–2017: 54%; decrease 2015–

2017: 11%

Population at risk: 138 million 

Parasites: P. vivax (75.6%), P. 
falciparum and mixed (24.3%), and 

other

Region of the 

Americas

Cases: 4.255 million (2010), 4.377 million 

(2015), 4.410 million (2017); increase 

2010–2017: 4% Deaths: 8070 (2010), 8660 

(2015), 8300 (2017); increase 2010–2017: 
3%

Total presumed and confirmed cases: 6.369 million (2010), 

5.402 million (2015), 4.113 million (2017); decrease 2010–

2017: 35%; decrease 2015–2017: 24% Total confirmed cases: 

1.165 million (2010), 999 200 (2015), 1.462 million (2017); 

increase 2010–2017: 25%; increase 2015–2017: 46% Total 
deaths: 1143 (2010), 1016 (2015), 1627 (2017); increase 

2010–2017: 42%; increase 2015–2017: 60%

Population at risk: 299 million 

Parasites: P. falciparum and mixed 

(64%) and P. vivax (36%) Vectors: 

An. arabiensis, An. culicifacies, An. 
d’thali, An. fluviatilis, An. funestus, 

An. hyrcanus, An. labranchiae, An. 

maculipennis s.s., An. pulcherrimus, 

An. sacharovi, An. sergentii, An. 

stephensi, An. subpictus and An. 

superpictus

Eastern 

Mediterranean 

Region

Cases: 25.5 million (2010), 14.0 million 

(2015), 11.3 million (2017); decrease 
2010–2017: 56% Deaths: 39 800 (2010), 

25 200 (2015), 19 700 (2017); decrease 

2010–2017: 50%

Total presumed and confirmed cases: 4.887 million (2010), 

1.651 million (2015), 1.244 million (2017); decrease 2010–

2017: 75%; decrease 2015–2017: 25% Total confirmed cases: 
2.676 million (2010), 1.618 million (2015), 1.233 million 

(2017); decrease 2010–2017: 54%; decrease 2015–2017: 24% 

Total deaths: 2421 (2010), 620 (2015), 299 (2017); decrease 

2010–2017: 88%; decrease 2015–2017: 52%

Population at risk: 1.6 billion 

Parasites: P. falciparum and mixed 
(62%), P. vivax (37%) 

South-East 

Asia Region

Cases: 1.838 million (2010), 1.451 million 

(2015), 1.857 million (2017); increase 

2010–2017: 1% Deaths: 3769 (2010), 2853 
(2015), 3617 (2017); decrease 2010–2017: 

4%

Total presumed and confirmed cases: 1.654 million (2010), 

708 400 (2015), 1.032 million (2017); decrease 2010–2017: 

38%; increase 2015–2017: 46% Total confirmed cases: 259 

500 (2010), 410 700 (2015), 602 100 (2017); increase 2010–
2017: 132%; increase 2015–2017: 47% Total deaths: 910 

(2010), 235 (2015), 335 (2017); decrease 2010–2017: 63%; 

increase 2015–2017: 43%

Population at risk: 753 million 

Parasites: P. falciparum and mixed 

(71%), P. vivax (28%) 
Western 

Pacific 

Region
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The goals of the HDI, other than income and material pros-
perity, are concerned with long-term life satisfaction of indi-
viduals in different societies. They also focus on human de-
velopment, indicating that the real purpose of development
programs is to ultimately create favorable conditions for
healthy, creative and happy living (Bhutta et al. 2014). An
important factor that affects the high rate of malaria incidence
in most countries is poor socio-economic status, and therefore
an effective step to reduce the incidence of this disease and
many other chronic diseases could be improving the economic
status of households (Franco-Herrera et al. 2018). The inci-
dence and mortality rate of HDI-related malaria has declined
in many countries. Early prevention and conducting epidemi-
ological studies, timely treatment and follow-up of malaria
patients, especially those in less developed countries, can also
contribute to decreasing the incidence of this disease.

Our study showed that there is a significant relationship
between the incidence of malaria and the level of education,
so that the higher the level of education is, the lower the
incidence of malaria.

Various studies have shown an association between in-
creased levels of education and reduced mortality and mortal-
ity from malaria (Fairlie 2005; Vikram et al. 2012).

Previous studies have shown that parental education
increases knowledge related to health and increases their

acceptance of health messages. Health messages are pro-
vided to individuals through a variety of sources, in-
cluding health infrastructure, mass media and other so-
cial networks. In the Philippines, one study found that
with every 1 year of maternal education, the likelihood
of using preventive services increased by 4% (Basu and
Stephenson 2005).

Educated people are also more likely to live in communi-
ties with better access to health care and better infrastructure,
including water and sewage services, which reduces the risk
of malaria. Educated people may have broader social net-
works that improve their knowledge of health, health behav-
iors and prevention techniques.

In the study by Njau et al. (2014), the results showed that
even after controlling these background characteristics, chil-
dren of educated mothers are less likely to develop malaria
than mothers with low levels of education.

Conclusion

The results suggest that a low HDI in countries is associated
with a higher incidence of malaria. Hence, more attention
must be paid to factors associated with the incidence of the
disease in these countries. By taking effective preventive mea-
sures and raising awareness about the transmission paths of
the disease, its incidence worldwide, including in African
countries and countries with lower income levels, can be
reduced.

Study limitations

Given that this article is the result of data recorded in the
World Bank, and given that the registration system in coun-
tries has different sensitivities and characteristics, some coun-
tries may have more accurate reports on diagnosis and regis-
tration due to a better registry. Disease reporting varies from
country to country, so the differences in the reported incidence
of this disease could partly indicate the differences in the sys-
tems of registration and reporting, which can be considered a
limitation of this study.

R Sq. linear=-0.640, P<0.0001
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Fig. 6 Correlation between HDI and malaria incidence in 2017
worldwide

Table 4 Pearson correlation between HDI dimensions and malaria incidence in 2017

Malaria incidence (per 1000 population at risk)Components HDI
P-valuer
P<0.0001-0.365Gross national income per 1000 capita (GNI)
P<0.0001-0.477Mean years of schooling (MYS)
P<0.0001-0.694Life expectancy at birth (LEB)
P<0.0001-0.458Expected years of schooling (EYS)
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