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Abstract
Background Non-communicable diseases (NCDs) are rapidly increasing in sub-Saharan African countries, where 96% 
of global malaria deaths occur. This study aimed to investigate the disease burden of NCDs in countries with the current 
highest malaria mortality.

Methods Data for this study were obtained from the Global Burden of Disease 2019 study (1990–2019). We selected the 
ten countries with malaria’s highest age-standardised mortality rate (ASMR) and identified and ranked the five NCDs with 
the highest ASMR in each country. Measures of the NCDs disease burden included ASMR, age-standardised disability-
adjusted life-years (DALY), years of life lost (YLL) and years lost due to a disability (YLD). The Estimated annual percentage 
change (EAPC) was used to examine the trends of the NCDs disease burden from 1990 to 2019.

Results As of 2019, the ASMR of chronic liver disease, kidney disease, diabetes mellitus, Alzheimer’s disease and other 
dementias, hypertensive heart disease and stroke were higher than the global average. From 1990 to 2019, the ASMR for 
Alzheimer’s disease and other dementias, type II diabetes mellitus, and chronic kidney disease increased by 3.0%, 10.8%, 
13.3%, and the age-standardised DALY rate increased by 3.7%, 27.6%, 6.3%, and the increases tended to be in younger 
populations.

Conclusion The double burden of non-communicable and communicable diseases is crippling the health systems of 
many sub-Saharan African countries and is often neglected. The prevention, surveillance, and control of diseases require an 
integrated strategy, with governments and non-government organisations aligned and supported by the global initiative.
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Introduction
Malaria as one of the most serious communicable dis-
eases and threatens more than half of the world’s popu-
lation [1]. In 2020, there were an estimated 241  million 
fall ill from malaria, in comparison with 1.5  million 
people infected with human immunodeficiency virus, 
and 9.9  million contract tuberculosis [2–4]. According 
to World Health Organization’s (WHO) latest World 
Malaria Report, there were an estimated 627 000 malaria 
deaths worldwide in 2020, and 96% were respectively 
from countries in sub-Saharan Africa [5]. Despite signifi-
cant progress in reducing the overall burden of malaria 
over the past decade, certain populations continue to 
experience higher disease mortality and morbidity rate 
and relatively low access to life-saving interventions. 
Moreover, non-communicable diseases (NCDs) are now 
emerging or rapidly increasing and mainly affect vulner-
able groups, which carries a huge burden that impairs 
the economic and social development of the sub-Saharan 
Africa region [6]. According to the WHO, about 77% of 
NCDs deaths occur in low- and middle-income countries 
(LMICs) [7]. With the population ageing, rising preva-
lence of multiple-morbidity and longer life expectancy, 
an increasing number of people are expected to bear 
the health burden of NCDs [8]. By 2030, the number of 
deaths from NCDs in Africa is projected to exceed that 
from communicable diseases and perinatal deaths com-
bined [9]. Many countries in sub-Saharan Africa are 
experiencing a double burden of non-communicable and 
communicable diseases, which poses significant health 
challenges for populations, weakens health systems, and 
severely hinders the United Nations Sustainable Devel-
opment Goals [10].

Over the past few decades, the double burden of dis-
ease in LMICs and underfunding and investment in 
NCDs has been identified and documented as a recog-
nized problem by the WHO [11, 12]. Communicable 
diseases such as malaria have captured much global 
attention and funding commitments [13]. Many national 
governments and international organisations are com-
mitted to cooperation among communicable disease pre-
vention and control programs, while support and efforts 
in NCD care are relatively inadequate [14]. The preven-
tion and control of NCDs should share equal importance 
with communicable diseases [15]. Prior studies have 
indicated that NCDs may be associated with malaria and 
malaria severity [16–18]. In several studies from Africa, 
malaria has been documented to be more common in 
people with diabetes [19]. In addition, few experimental 
studies have also shown that malaria may affect blood 
pressure and induce hypertension, which contributes to 

heart failure [20, 21]. However, there are few studies on 
the trends in the burden of NCDs in countries with the 
highest malaria burden from the perspective of epidemi-
ological transition.

To fill this gap, this study aimed to investigate the tem-
poral trends in the burden of NCDs in countries with the 
highest malaria burden between 1990 and 2019. The find-
ings of our study can provide evidence that the sub-Saha-
ran African countries are faced with a double burden of 
non-communicable and communicable diseases in epide-
miological transition. We also report how the trends in 
the burden of different NCDs vary by country, age, and 
sex, so that countries could identify priority groups in 
policymaking for the prevention, surveillance, and man-
agement of non-communicable and communicable dis-
eases, thereby facilitating the achievement of the United 
Nations Sustainable Development Goals.

Methods
Data sources
The data of this study was obtained in the Global Burden 
of Diseases (GBD) 2019 public datasets, which are avail-
able from http://ghdx.healthdata.org/gbd-results-tool 
(accessed on May 22, 2022). The GBD is research led by 
the Institute for Health Metrics and Evaluation (IHME) 
of the University of Washington, dedicated to measur-
ing disability and death from various causes worldwide 
[22]. The GBD 2019 public dataset were based on sec-
ondary data from existing registriers [22]. Estimates of 
mortality were calculated from available data and mod-
els when reliable registry data were lacking or reporting 
lags occurred. We extracted the annual number of deaths 
and mortality rates of malaria of infectious diseases from 
1990 to 2019, by sex, age, and geography. The ten coun-
tries with the highest age-standardized mortality rate 
(ASMR) for malaria were identified. All available data 
on causes of death were standardized and pooled into a 
single database. The five NCDs with the highest ASMR in 
each country were then identified and ranked, including 
ischemic heart disease, stroke, diabetes mellitus, chronic 
liver diseases, chronic kidney disease, Alzheimer’s dis-
ease and other dementias, chronic obstructive pulmo-
nary disease, and hypertensive heart diseases.

Statistical analysis
Measures of the NCDs disease burden included ASMR, 
age-standardized disability-adjusted life-years (DALY), 
years of life lost (YLL) and years lost due to a disability 
(YLD). The Estimated annual percentage change (EAPC) 
was used to examine the trends of the NCDs disease bur-
den from 1990 to 2019.

http://ghdx.healthdata.org/gbd-results-tool
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EAPC is a method proposed by Hankey to measure 
trends in age-standardized rates (ASR) over time [23]. 
Joinpoint regression analysis (Joinpoint regression soft-
ware, Version 4.8.0.1 –April 2020) [24] was performed in 
this study to calculate EAPC quantify disease mortality 
trends between 1990 and 2019. The calculation methods 
were: first, a regression line was fitted to the natural loga-
rithm of the rates, i.e., y = α + βx + ε, where y = ln (ASMR) 
and x = calendar year; then, the EAPC was calculated as 
100×(eβ − 1), with 95% confidence interval (CI) obtained 
from the linear regression model. For trend description, 
the term ‘increase’ was used when the EAPC estimation 
and the lower boundary of its 95% CI were both > 0. In 
contrast, the term ‘decrease’ was used when the EAPC 
estimation and the upper boundary of its 95% CI were 
both < 0. Otherwise, the term ‘stable’ was used. The IBM 
Statistical Package for social science (SPSS) version 26.0 
was used for data analysis.

Results
Ten countries with the highest malaria mortality rates in 
2019 were selected, which were Nigeria, Liberia, Burkina 
Faso, Niger, Cote d’Ivoire, Benin, Sierra Leone, Togo, 
Cameroon, Mozambique. It is worth noting that these 
countries with the highest burden of malaria deaths are 
all located in the African Region (Fig. 1).

Among the ten selected countries, the top five NCDs 
with the highest ASMR in each country are shown in 
the Fig.  2, including ischemic heart disease, stroke, dia-
betes mellitus, chronic liver diseases, chronic kidney dis-
ease, Alzheimer’s disease and other dementias, chronic 
obstructive pulmonary disease, and hypertensive heart 
disease. Of these eight diseases, ischemic heart disease, 
stroke and diabetes mellitus were the most common 

leading causes of death in all ten countries. In 2019, the 
top five NCDs with the highest ASMR in each of the ten 
selected countries together account for 10% of the total 
mortality rate in their respective countries. The eight 
NCDs together accounted for 46.3% of global mortal-
ity (Male = 44.7%, Female = 48.4%). Females had a higher 
mortality rate across the eight NCDs globally, while 
males were at greater risk of death in the African region 
(Appendix Table 1).

During the period between 1990 and 2019, among the 
selected countries, the ASMR of chronic liver disease, 
kidney disease and diabetes mellitus (both type I and 
type II) were higher than the global average. Notably, 
ASMR for type I diabetes mellitus declined in all selected 
countries except Mozambique; ASMR for type II diabetes 
mellitus increased in all selected countries. This article 
therefore focuses on the growth trend of type II diabetes 
mellitus (Appendix Figs. 1 and 2).

As of 2019, in addition to the above three diseases, 
the ASMR of Alzheimer’s disease and other dementias, 
hypertensive heart disease and stroke also exceeded the 
global average. During the period between 1990 and 
2019, the global ASMR for Alzheimer’s disease and other 
dementias, diabetes mellitus, and chronic kidney disease 
increased by 3.0%, 8.6% (type II: 10.8%), 13.3%; the age-
standardized DALY rate increased by 3.7%, 24.4% (type 
II: 27.6%), 6.3% (Figs. 3 and 4). Globally, the increase in 
mortality from these three diseases was mainly in the 
middle-aged and elderly population. However, ASMR 
increases in Alzheimer’s disease, type II diabetes melli-
tus, and chronic kidney disease tended to be in younger 
populations in most of the selected countries).

For Alzheimer’s disease and other dementias, 
Nigeria had the largest increases in ASMR at 18.7% 

Fig. 1 Top ten countries with the highest malaria mortality rates in 2019, which were Nigeria, Liberia, Burkina Faso, Niger, Cote d’Ivoire, Benin, Sierra 
Leone, Togo, Cameroon and Mozambique. It is worth noting that these countries with the highest burden of malaria deaths are all located in the African 
Region
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(EAPC = 0.8468, 95% CI: 0.7110 ~ 0.9828) followed 
by Mozambique at 16.2% (EAPC = 0.5788, 95% CI: 
0.5444 ~ 0.6131); The largest increase was between the 
age of 44–69 in both countries. Mozambique had the 
largest increases of Alzheimer’s disease and other demen-
tias in age-standardize DALYs rate (12.8%). The age-
standardized DALYs rate increased most significantly in 
diabetes mellitus at 24.4% (type II: 27.6%). The ASMR of 
type II diabetes mellitus increased with age after age 35, 
and the highest increase was between the age of 85–89. 
Among the ten countries, Cameroon had the most sig-
nificant increase in ASMR of type II diabetes mellitus 
at 38.9% (EAPC = 1.2072, 95% CI: 0.8529 ~ 1.4997), fol-
lowed by Sierra Leone at 36.5% (EAPC = 1.2720, 95% CI: 
1.0050 ~ 1.5113). The global ASMR of chronic kidney 
disease increased higher in women than in men. Camer-
oon had the highest ASMR of chronic kidney disease at 
42.0 per 100,000 population. Mozambique had the most 
significant increase in ASMR at 13.3% (EAPC = 0.4963, 
95% CI: 0.3602 ~ 0.6327) followed by Burkina Faso at 
2.6% (EAPC = 0.0321, 95% CI: -0.0738 ~ 0.1381), and the 
increase tended to be in younger populations in these two 
countries (Appendix Figs. 3 and 4; Appendix Table 2).

Discussions
The ten countries with the highest malaria burden in 
2019 were all from LMICs in the African region. Even 
though malaria is a preventable and treatable communi-
cable disease, there are challenges to control on the long 
road to elimination [3, 25], it continues to have a dev-
astating impact on the health and livelihoods of people 
around the world, driven by multiple factors, including 
local weather, the economy, and the fragile health sys-
tem in these malaria-endemic countries [26, 27]. Over 
the past few decades, communicable diseases such as 
malaria have captured much of the global attention and 
resources [28]. Numerous bilateral and multilateral 
cooperation has been carried out to expand the scope of 
malaria prevention and control and reduce the burden 
of malaria on people’s lives [29]. In contrast to commun-
nicable diseases, NCDs in these malaria-endemic coun-
tries are often neglected [30], even though these diseases 
together account for 10% of total national mortality. The 
statistics of WHO in 2020 show that compared with the 
prevention and control of communicable diseases, the 
progress of NCDs prevention and control is relatively 
lagging behind [31]. Moreover, with the rapid spread of 
COVID-19 around the world, 75% of countries reported 
that NCDs services were disrupted to varying degrees, 
and the capacity of health systems to prepare for and 

Fig. 2 Age-standardized death rates for the eight leading NCDs in the ten selected countries, 2019. Including ischemic heart disease, stroke, diabetes 
mellitus, chronic liver diseases, chronic kidney disease, Alzheimer’s disease and other dementias, chronic obstructive pulmonary disease, and hyperten-
sive heart disease. Of these eight diseases, ischemic heart disease, stroke and diabetes mellitus were the most common leading causes of death in all ten 
countries. The contribution (%) of the top five NCDs with the highest mortality rate to the total mortality rate of each selected country and the world is 
shown in Appendix 1
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respond to these diseases has been threatened, especially for vulnerable populations who require regular and 

Fig. 3 The long-term mortality trends (1990–2019) of the eight leading NCDs in the ten countries
 During 1990 and 2019, among the selected countries, the ASMR of chronic liver disease, kidney disease and diabetes mellitus were higher than the global 
average. As of 2019, in addition to the above three diseases, the ASMR of Alzheimer’s disease and other dementias, hypertensive heart disease and stroke 
also exceeded the global average
 From 1990 to 2019, the ASMR for Alzheimer’s disease and other dementias, diabetes mellitus, and chronic kidney disease increased by 3.0%, 8.6%, 13.3%
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Fig. 4 Trends of the age-standardized DALYs due to the eight leading NCDs in the ten countries, 1990–2019. From 1990 to 2019, the age-standardized 
DALY rate for Alzheimer’s disease and other dementias, diabetes mellitus, and chronic kidney disease increased by 3.7%, 24.4%, 6.3%
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long-term healthcare [32]. Mortality rates from NCDs 
are likely to rise further due to disruptions in healthcare 
services during the pandemic [33]. Hence, the double 
disease burden needs urgent attention from all sectors of 
society.

Prior studies have indicated that some types of NCDs 
may be associated with malaria and malaria sever-
ity [16–18]. A Danish study found that malaria may be 
associated with cardiac complications, and people with 
malaria history may carry out a long-term risk of cardio-
vascular conditions and deaths [21]. Two recent studies 
also have suggested that long-term malaria exposure is 
linked to cardiovascular events, especially hypertension 
[17, 34] Moreover, Kalra et al. suggested that malaria 
has been more common in diabetes mellitus [19]. Malar-
ial infection during pregnancy is a critical cause of low 
birth weight and anaemia. Placental malaria and anae-
mia may induce hypoxia and thereby negatively affect 
foetal growth. This could be a potential cause of type II 
diabetes mellitus later in life [35]. Currently, there is lim-
ited research on the relationship between malaria and 
alzheimer’s disease and other dementias, chronic kid-
ney and liver disease in areas with high malaria burden. 
Future studies are warranted to explore the links between 
malaria and these NCDs. Additionally, urgent atten-
tion needs to be paid to the structural factors- politics, 
economy, demographic situation, resource allocation for 
health care behind the convergence of these NCDs and 
malaria [36, 37].

Malaria and NCDs require adherence to both preven-
tion and treatment regimes. Therefore, a combined strat-
egy is required in disease prevention, surveillance, and 
control to reduce the double burden of diseases. Notably, 
malaria is a preventable disease, applying mosquito repel-
lent to exposed skin and using mosquito netting over 
beds could effectively prevent malaria [38]. Also, research 
suggested that the onset of some NCDs is closely related 
to lifestyle habits [7]. Primary prevention-the adoption 
of healthy lifestyles is critical to slow down the onset 
and exacerbation of diseases, such as cardiovascular dis-
ease and type II diabetes mellitus [39, 40]. Secondary 
prevention-early detection, diagnosis and treatment on 
the other hand, can improve symptoms, reduce mortal-
ity and disability, and prevent the recurrence of diseases, 
such as type I diabetes mellitus, chronic kidney disease, 
Alzheimer’s disease and other dementias [41, 42].

Additionally, the increases of mortality rates for many 
NCDs are tended to be in younger population. There is 
growing evidence that improving children and adoles-
cents’ attitudes and awareness is a healthy way to live and 
prevent disease as they grow up [43]. Health promotion 
is one out of many pubic health actions for both CDs 
and NCDs prevention [44, 45]. Activities surrounding 
the social determinants of health or “upstream” activities 

that modify the environment could make them either less 
susceptible to communicable disease, or more oriented 
towards in a healthy lifestyle are much more effective in 
the long run to reduce the double burden of diseases [46]. 
Health systems strengthening constitutes an important 
strategy that apply to the NCDs prevention and control. 
For instance, as ones of six building blocks modularized 
by WHO, flexibly accessible financing and health work-
force serve as key input components for maintaining a 
resilient health system that is prepared for prevention 
and control of NCDs as well as communicable diseases; 
while a health information or surveillance system allows 
the policy maker to grasp the situation and make adjust-
ment timely [47]. Promoting primary health care, with 
significance attached to people-centered service delivery, 
is most essential and cost-effective approaches towards 
universal health coverage and tackling with the rising and 
double burden of NCDs and communicable diseases [48].

Notwithstanding the world is currently facing many 
challenges in communicable diseases and NCDs preven-
tion and control, it is fortunate that WHO estimates that 
a large number of deaths can be avoided through preven-
tive interventions [7, 49]. Essential public health technol-
ogies, including prevention, screening, early detection, 
and disease management of risk behavioral factors in pri-
mary healthcare, play an unprecedented role in making 
healthcare more accessible and reducing the disease bur-
den of NCDs, especially in LMICs [50]. Recent research 
has found that with the rapid increase in the burden of 
NCDs in sub-Saharan Africa over the past few decades, 
many governments have issued policies related to NCDs 
and launched relative programs [51]. However, many 
policies and programs have not been implemented due 
to the fragile health system, insufficient health work-
force, and inadequate staff capacity [52]. There are also 
a large regional and subnational differences in the pro-
gram implementation [53]. Public health technology 
development and health system strengthening should be 
considered at the same time in order to promote disease 
management for non-communicable and communica-
ble diseases. Enhanced efforts, collaboration and com-
munication among regional and national policymakers, 
international organizations and other stakeholders are 
required to ensure future policy and implementation 
improvements.

This study had several limitations. The GBD 2019 pub-
lic dataset were based on secondary data from existing 
registriers [22]. Some estimates of cross-sectional data 
might be reflected by wide uncertainly intervals. Primary 
data collection should to be strengthened in places with 
sparse and absent data to improve the research accuracy 
[54]. Meanwhile, this study reviewed mortality trends of 
NCDs in the top ten malaria burden countries in Africa. 
Further analyses are required to investigate different high 
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mortality communicable diseases and NCDs across the 
African countries to obtain more comprehensive results.

Conclusion
In summary, we found that countries with the high-
est burden of malaria also face a large burden of NCDs. 
Urgent attention needs to be paid to the structural fac-
tors behind the convergence of non-communicable and 
communicable diseases, and a combined strategy is 
required in disease prevention, surveillance, and control. 
Jointly exploring the double burden of diseases in LMICs 
through multilateral partnership and cooperation is war-
ranted, and national governments and international orga-
nizations should be aligned and supported by the global 
initiative.

List of abbreviations
NCDs  Non-communicable diseases
HIV  Human immunodeficiency virus
GBD  Global Burden of Disease
TB  Tuberculosis
ASMR  Age-standardised mortality rate
DALY  Disability-adjusted life-years
YLL  Years of life lost
YLD  Years lost due to a disability
EAPC  Estimated annual percentage change
WHO  World Health Organization’s
UN  United Nations
LMICs  Low- and middle-income countries
IHME  Institute for Health Metrics and Evaluation
ASR  Age-standardized rates
CI  Confidence interval
SPSS  Statistical Package for social science

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12992-022-00882-w.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
We would like to thank the Bill & Melinda Gates Foundation for its support to 
this study.

Author contribution
Zhuo Li was the first author who designed the study protocol and conducted 
data analysis. Under the guidance of Dr Yinzi Jin and Dr Zhijie Zheng, Zhuo Li 
and Junyi Shi interpreted data and drafted the original manuscript. Dr Minmin 
Wang and Na Li contributed to review & editing of the current manuscript. All 
authors listed have contributed sufficiently to the project to be included as 
authors, and all those who are qualified to be authors are listed in the author 
byline. All authors contributed to the writing of the manuscript and agreed to 
submit this manuscript for publication.

Funding
This research was funded by Bill & Melinda Gates Foundation (grant number: 
INV-018912), and National Science and Technology Project on Development 
Assistance for Technology, Developing China-ASEAN Public Health Research 
and Development Collaborating Center (No. KY202101004). The funders had 
no role in the design of the study; in the collection, analyses, or interpretation 
of data; in the writing of the manuscript, or in the decision to publish the 
results.

Availability of data and materials
All data used in this study can be freely accessed at the GBD 2019 portal 
(http://ghdx.healthdata.org/gbd-2019).

Declarations

Ethical approval and Consent to participate
Not applicable.

Consent for publication
All authors contributed to the writing of the manuscript and agreed to submit 
this manuscript for publication.

Competing interests
The authors declare no competing interests.

Author details
1Department of Global Health, School of Public Health, Peking University, 
38 Xue Yuan Road, Haidian District, 100191 Beijing, China
2Institute for Global Health and Development, Peking University, Beijing, 
China

Received: 16 July 2022 / Accepted: 30 September 2022

References
1. Phillips MA, Burrows JN, Manyando C, van Huijsduijnen RH, Van Voorhis WC, 

Wells TNC. Malaria. Nat Rev Dis Primers. 2017;3:1–24.
2. UNAIDS. (2022) Global HIV & AIDS statistics — Fact sheet. In: Joint United 

Nations Programme on HIV/AIDS. https://www.unaids.org/en/resources/fact-
sheet. Accessed 28 Aug 2022.

3. WHO. (2021) Global Tuberculosis Report 2021. In: World Health Organazation. 
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/
global-tuberculosis-report-2021. Accessed 12 Sep 2022.

4. WHO. (2022) Malaria. In: World Health Organazation. https://www.who.int/
news-room/fact-sheets/detail/malaria. Accessed 30 Jun 2022.

5. WHO. World malaria report 2021. World Health Organization; 2021.
6. Kabajulizi J, Awuku Darko F. Do non-communicable diseases influence 

sustainable development in Sub-Saharan Africa? A panel autoregressive 
distributive lag model approach. Health Policy Plan. 2022;37:337–48.

7. WHO. (2021) Non communicable diseases. In: World Health Organazation. 
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-
diseases. Accessed 30 Jun 2022.

8. André Cezar Medici. (2021) Health sector challenges and policies in the 
context of ageing populations *.

9. Chikowore T, Kamiza AB, Oduaran OH, Machipisa T, Fatumo S. Non-communi-
cable diseases pandemic and precision medicine. Is Afr ready? EBioMedicine. 
2021;65:103260.

10. Zeltner T, Riahi F, Huber J. (2017) Acute and Chronic Health Challenges in 
Sub-Saharan Africa: An Unfinished Agenda. Africa’s Population: In Search of a 
Demographic Dividend 283–297.

11. Marshall SJ. Developing countries face double burden of disease. Bull World 
Health Organ. 2004;82:556–6.

12. UN. (2011) Countries facing double burden with chronic and infectious 
diseases – UN report | | UN News. In: United Nations. https://news.un.org/
en/story/2011/05/375072-countries-facing-double-burden-chron-
ic-and-infectious-diseases-un-report. Accessed 28 Aug 2022.

13. Jailobaeva K, Falconer J, Loffreda G, Arakelyan S, Witter S, Ager A. An analysis 
of policy and funding priorities of global actors regarding noncommunicable 
disease in low- and middle-income countries. Globalization and Health. 
2021;17:68.

14. Collins TE, Nugent R, Webb D, Placella E, Evans T, Akinnawo A. Time to align: 
development cooperation for the prevention and control of non-communi-
cable diseases. BMJ. 2019;366:l4499.

15. UNICEF. (2021) Non-communicable diseases. In: The United Nations Chil-
dren’s Fund. https://data.unicef.org/topic/child-health/noncommunicable-
diseases/. Accessed 30 Jun 2022.

http://dx.doi.org/10.1186/s12992-022-00882-w
http://dx.doi.org/10.1186/s12992-022-00882-w
http://ghdx.healthdata.org/gbd-2019
https://www.unaids.org/en/resources/fact-sheet
https://www.unaids.org/en/resources/fact-sheet
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2021
https://www.who.int/teams/global-tuberculosis-programme/tb-reports/global-tuberculosis-report-2021
https://www.who.int/news-room/fact-sheets/detail/malaria
https://www.who.int/news-room/fact-sheets/detail/malaria
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://www.who.int/news-room/fact-sheets/detail/noncommunicable-diseases
https://news.un.org/en/story/2011/05/375072-countries-facing-double-burden-chronic-and-infectious-diseases-un-report
https://news.un.org/en/story/2011/05/375072-countries-facing-double-burden-chronic-and-infectious-diseases-un-report
https://news.un.org/en/story/2011/05/375072-countries-facing-double-burden-chronic-and-infectious-diseases-un-report
https://data.unicef.org/topic/child-health/noncommunicable-diseases/
https://data.unicef.org/topic/child-health/noncommunicable-diseases/


Page 9 of 9Li et al. Globalization and Health           (2022) 18:90 

16. Carrillo-Larco RM, Altez-Fernandez C, Ugarte-Gil C. Is diabetes associated with 
malaria and malaria severity? A systematic review of observational studies. 
Wellcome Open Res. 2019;4:136.

17. Hoffmeister B, Aguilar Valdez AD. Hypertension is associated with an 
increased risk for severe imported falciparum malaria: a tertiary care hospital 
based observational study from Berlin, Germany. Malar J. 2019;18:1–10.

18. Wyss K, Wångdahl A, Vesterlund M, Hammar U, Dashti S, Naucler P, Färnert 
A. Obesity and Diabetes as Risk Factors for Severe Plasmodium falci-
parum Malaria: Results From a Swedish Nationwide Study. Clin Infect Dis. 
2017;65:949–58.

19. Kalra S, Khandelwal D, Singla R, Aggarwal S, Dutta D. Malaria and diabetes. J 
Pak Med Assoc. 2017;67:810–3.

20. Mruma HA, McQuillan R, Norrie J. The association of malaria infection and 
gestational hypertension in Africa: Systematic review and meta-analysis. J 
Glob Health 10:020417.

21. Brainin P, Mohr GH, Modin D, et al. Heart failure associated with imported 
malaria: a nationwide Danish cohort study. ESC Heart Fail. 2021;8:3521–9.

22. IHME. (2014) About GBD. In: Institute for Health Metrics and Evaluation. 
https://www.healthdata.org/gbd/about. Accessed 30 Jun 2022.

23. Tan CS, Støer N, Ning Y, Chen Y, Reilly M. Quantifying temporal trends of age-
standardized rates with odds. Popul Health Metr. 2018;16:18.

24. Kim H-J, Fay MP, Feuer EJ, Midthune DN. Permutation tests for joinpoint 
regression with applications to cancer rates. Stat Med. 2000;19:335–51.

25. Yeka A, Gasasira A, Mpimbaza A, et al. Malaria in Uganda: challenges to 
control on the long road to elimination: I. Epidemiology and current control 
efforts. Acta Trop. 2012;121:184–95.

26. Sicuri E, Ramponi F, Lopes-Rafegas I, Saúte F. A broader perspective on the 
economics of malaria prevention and the potential impact of SARS-CoV-2. 
Nat Commun. 2022;13:2676.

27. Weiss DJ, Bertozzi-Villa A, Rumisha SF, et al. Indirect effects of the COVID-19 
pandemic on malaria intervention coverage, morbidity, and mortality in 
Africa: a geospatial modelling analysis. Lancet Infect Dis. 2021;21:59–69.

28. Nikolic IA, Stanciole AE, Zaydman M. Chronic Emergency: Why NCDs Matter. 
Washington, DC: World Bank; 2011.

29. WHO. (2020) Malaria eradication: benefits, future scenarios & feasibility. 25.
30. Luna F, Luyckx VA. Why have Non-communicable Diseases been Left Behind? 

Asian Bioeth Rev. 2020;12:5–25.
31. WHO. (2022) New report shows progress and missed opportunities in the 

control of NCDs at the national level. In: World Health Organazation. https://
www.who.int/news/item/12-05-2022-new-report-shows-progress-and-
missed-opportunities-in-the-control-of-ncds-at-the-national-level. Accessed 
30 Jun 2022.

32. Haileamlak A. The Impact of COVID-19 on Non-Communicable Diseases. 
Ethiop J Health Sci. 2022;32:1–2.

33. Gobiņa I, Avotiņš A, Kojalo U, Strēle I, Pildava S, Villeruša A, Briģis Ģ. Excess 
mortality associated with the COVID-19 pandemic in Latvia: a population-
level analysis of all-cause and noncommunicable disease deaths in 2020. 
BMC Public Health. 2022;22:1109.

34. Etyang AO, Smeeth L, Cruickshank JK, Scott JAG. The Malaria-High Blood Pres-
sure Hypothesis. Circ Res. 2016;119:36–40.

35. Christensen DL, Kapur A, Bygbjerg IC. Physiological adaption to maternal 
malaria and other adverse exposure: low birth weight, functional capac-
ity, and possible metabolic disease in adult life. Int J Gynaecol Obstet. 
2011;115(Suppl 1):16–9.

36. Ranabhat CL, Jakovljevic M, Dhimal M, Kim C-B. Structural Factors Respon-
sible for Universal Health Coverage in Low- and Middle-Income Countries: 
Results From 118 Countries. Front Public Health. 2020;7:414.

37. Reubi D, Herrick C, Brown T. The politics of non-communicable diseases in 
the global South. Health Place. 2016;39:179–87.

38. Maia MF, Kliner M, Richardson M, Lengeler C, Moore SJ. (2018) Mos-
quito repellents for malaria prevention. Cochrane Database Syst Rev 
2018:CD011595.

39. Cerf ME. Healthy lifestyles and noncommunicable diseases: Nutrition, the 
life-course, and health promotion. Lifestyle Med. 2021;2:e31.

40. Kreatsoulas C, Anand SS. The impact of social determinants on cardiovascular 
disease. Can J Cardiol. 2010;26:8 C–13 C.

41. Skyler JS. Primary and secondary prevention of Type 1 diabetes. Diabet Med. 
2013;30:161–9.

42. The pathway to secondary prevention of Alzheimer’s disease - PMC. https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC7453146/. Accessed 12 Sep 2022.

43. WHO. (2021) Adolescent and young adult health. In: World Health Organaza-
tion. https://www.who.int/news-room/fact-sheets/detail/adolescents-health-
risks-and-solutions. Accessed 30 Jun 2022.

44. McQueen DV. NCDs, health promotion and public health. Glob Health 
Promot. 2013;20:90–2.

45. McQueen DV, Manoncourt E, Cartier YN, Dinca I, Nurm Ü-K. The Transferability 
of Health Promotion and Education Approaches Between Non-communi-
cable Diseases and Communicable Diseases—an Analysis of Evidence. AIMS 
Public Health. 2014;1:182–98.

46. Frieden TR. A Framework for Public Health Action: The Health Impact Pyra-
mid. Am J Public Health. 2010;100:590–5.

47. WHO. (2010) Monitoring the building blocks of health systems: a handbook 
of indicators and their measurement strategies. In: World Health Organaza-
tion. https://apps.who.int/iris/handle/10665/258734. Accessed 13 Sep 2022.

48. WHO. Primary health care on the road to universal health coverage: 2019 
monitoring report. Geneva: World Health Organization; 2019.

49. WHO. (2015) Cardiovascular diseases: Avoiding heart attacks and strokes. In: 
World Health Organazation. https://www.who.int/news-room/questions-
and-answers/item/cardiovascular-diseases-avoiding-heart-attacks-and-
strokes. Accessed 30 Jun 2022.

50. Checkley W, Ghannem H, Irazola V, et al. Management of Noncommunicable 
Disease in Low- and Middle-Income Countries. Glob Heart. 2014;9:431–43.

51. Juma K, Juma PA, Mohamed SF, Owuor J, Wanyoike A, Mulabi D, Odinya G, 
Njeru M, Yonga G. First Africa non-communicable disease research confer-
ence 2017: sharing evidence and identifying research priorities. J Glob Health 
8:020301.

52. Pantoja T, Opiyo N, Lewin S, et al (2017) Implementation strategies for 
health systems in low-income countries: an overview of systematic reviews. 
Cochrane Database Syst Rev 2017:CD011086.

53. Saif-Ur-Rahman KM, Mamun R, Nowrin I, Hossain S, Islam K, Rumman T, Kabir 
E, Rahman A, Dahal N, Anwar I. Primary healthcare policy and governance in 
low-income and middle-income countries: an evidence gap map. BMJ Glob 
Health. 2019;4:e001453.

54. Vos T, Lim SS, Abbafati C, et al. Global burden of 369 diseases and injuries in 
204 countries and territories, 1990–2019: a systematic analysis for the Global 
Burden of Disease Study 2019. The Lancet. 2020;396:1204–22.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://www.healthdata.org/gbd/about
https://www.who.int/news/item/12-05-2022-new-report-shows-progress-and-missed-opportunities-in-the-control-of-ncds-at-the-national-level
https://www.who.int/news/item/12-05-2022-new-report-shows-progress-and-missed-opportunities-in-the-control-of-ncds-at-the-national-level
https://www.who.int/news/item/12-05-2022-new-report-shows-progress-and-missed-opportunities-in-the-control-of-ncds-at-the-national-level
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7453146/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7453146/
https://www.who.int/news-room/fact-sheets/detail/adolescents-health-risks-and-solutions
https://www.who.int/news-room/fact-sheets/detail/adolescents-health-risks-and-solutions
https://apps.who.int/iris/handle/10665/258734
https://www.who.int/news-room/questions-and-answers/item/cardiovascular-diseases-avoiding-heart-attacks-and-strokes
https://www.who.int/news-room/questions-and-answers/item/cardiovascular-diseases-avoiding-heart-attacks-and-strokes
https://www.who.int/news-room/questions-and-answers/item/cardiovascular-diseases-avoiding-heart-attacks-and-strokes

	Temporal trends in the burden of non-communicable diseases in countries with the highest malaria burden, 1990–2019: Evaluating the double burden of non-communicable and communicable diseases in epidemiological transition
	Abstract
	Introduction
	Methods
	Data sources
	Statistical analysis

	Results
	Discussions
	Conclusion
	References


