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Abstract

Climate change and non-communicable diseases (NCDs) are considered the 21%' Century’s
major health and development challenges. Both pose a disproportionate burden on low- and
middle-income countries that are unprepared to cope with their synergistic effects. These
two challenges pose risks for achieving many of the sustainable development goals (SDGs)
and are both impacted by globalization through different pathways. While there are impor-
tant insights on how climate change and or globalization impact NCDs in the general litera-
ture, comprehensive research that explores the influence of climate change and or
globalization on NCDs is limited, particularly in the context of Africa. This review documents
the pathways through which climate change and or globalization influence NCDs in Africa.
We conducted a comprehensive literature search in eight electronic databases—Web of
Science, PubMed, Scopus, Global Health Library, Science Direct, Medline, ProQuest, and
Google Scholar. A total of 13864 studies were identified. Studies that were identified from
more than one of the databases were automatically removed as duplicates (n = 9649). Fol-
lowing the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines, a total of 27 studies were eventually included in the final review. We found that
the impacts of climate change and or globalization on NCDs act through three potential path-
ways: reduction in food production and nutrition, urbanization and transformation of food
systems. Our review contributes to the existing literature by providing insights into the
impact of climate change and or globalization on human health. We believe that our findings
will help enlighten policy makers working on these pathways to facilitate the development of
effective policy and public health interventions to mitigate the effects of climate change and
globalization on the rising burden of NCDs and goal 3 of the SDG, in particular.
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1. Introduction

Climate change and non-communicable diseases (NCDs) are considered the 21* century’s
major health and development challenge [1-5]. Both pose a disproportionate burden on low-
and middle-income countries (LMICs) that are unprepared to cope with their synergistic
effects. These challenges threaten the achievement of many of the sustainable development
goals (SDGs), especially goals 1, 2 and 3, which are related to reducing the prevalence of NCDs
and managing existing NCD conditions [6]. While NCDs are diverse, the four most common
ones are cardiovascular disease (CVDs), including heart attack and stroke; cancers; chronic
respiratory disease (chronic obstructive pulmonary disease and asthma); and diabetes [7].
NCDs are responsible for much of the world’s disease burden, accounting, approximately, for
71% of all global deaths, which has significant economic and social implications [8]. The
World Health Organization (WHO), for instance, has projected that surveillance and manage-
ment of NCDs could cost the global economy up to US$47 trillion by 2030 [9]. Other studies
have also suggested that NCDs are the leading cause of medical impoverishment, dispropor-
tionately clustered in the LMICs [10, 11].

There is a marked intersection between globalization and climate change in relation to
health, which necessitates a comprehensive understanding of their individual and or synergis-
tic impacts on NCDs. For instance, globalization, notably through increased industrialization
and global trade, has been implicated in the heightened frequency and severity of climate
change events, especially through the emission of greenhouse gases [12-15]. Such climate
change events, like floods and droughts, have adversely affected agricultural practices, compro-
mised food security, and inducted population displacements, thereby exposing affected indi-
viduals to communicable diseases and diet-related NCDs [12, 16]. Conversely, climate change
events have also influenced the temporal and spatial dimensions of globalization, particularly
in the context of food demand, and the evolving landscape of global supply chains [17]. Specif-
ically, extreme climate events, which have led to decreased availability of locally cultivated
foods, have prompted the globalization of high-energy dense foods under the pretext of pro-
viding food aid to affected populations [18]. This has consequently impacted the food system,
including changes in dietary behaviors that are detrimental to human health [18-21].

Climate change and globalization are inherently tied to the increasing risk factors and prev-
alence of NCDs [22]. For instance, the tendency for rising temperatures to increase the inci-
dence of CVDs among populations with pre-existing health conditions has been well
documented [23]. Eze and colleagues, in their systematic review and meta-analyses of the asso-
ciation between ambient air pollution and diabetes mellitus in the context of Europe and
North America, have argued that ambient air pollution can directly influence the prevalence of
NCDs [24]. Allen-Scott et al. [25] also argued that while globalization has led to increased
access to medical technologies, it has also indirectly contributed to unhealthy lifestyle changes
and behaviors that have increased and still have the potential to increase the risks for NCDs.
This argument has been collaborated by the World Health Organization (WHO). Essentially,
the WHO has acknowledged that the globalization of unhealthy lifestyles has increased the
burden of NCDs worldwide particularly due to the spread and consumption of processed
foods and increased sedentary lifestyles [5].

Increasing frequency and severity of climate change events can worsen the already weak-
ened health systems and healthcare delivery in Africa, with potential direct and or indirect
consequences on NCD conditions [26]). Such circumstances may be intense within the context
of the increasing health burden of communicable diseases such as HIV/AIDS and COVID-19
[20, 27] and the unpredictable reoccurrences of Ebola outbreaks in the African continent [28].
Severe drought incidences are often related to human migration and displacement and have
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also been linked to the spread of infectious diseases to new areas [29]. For instance, during the
Mozambican drought of 1991-1992, an estimated 1.3 million people were forced to seek refuge
in urban areas of neighboring countries [30]. Zimbabwe also experienced an outbreak of chol-
era after an influx of these refugees from Mozambique, building up large refugee camps with
limited resources to promote good health [31].

While the above discussions give some important insights about how climate change and
globalization have and could directly or indirectly impact NCDs, comprehensive research that
explores how they individually or jointly impact NCDs is limited in the context of Africa.
Thus, our aim in this review is to contribute to the existing literature by providing additional
insights into the impact of climate change and or globalization on human health, specifically
NCDs. Findings from this review will contribute to the discussions on climate change, globali-
zation, and health, and has the potential to inform the development of effective policy and
public health interventions aimed at mitigating the effects of climate change and or globaliza-
tion as drivers of NCD burden in Africa. The review is presented in six sections, starting with
the introduction; section 2 covers the methods used in the review, including the search for rel-
evant literature and the criteria for inclusion and exclusion. Section 3 presents the data abstrac-
tion and analysis/synthesis process. Section 4 presents the results from the review, highlighting
the general characteristics of the included literature, and discusses the major pathways that
emerged from the review. Section 5 discusses the key findings, while the limitations and con-
clusion are presented in Section 6.

2. Methods
2.1 Search strategy

We conducted a comprehensive literature search in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) [32]. The literature searches were
conducted in eight electronic databases—Web of Science, PubMed, Scopus, Global Health
Library, Science Direct, Medline, ProQuest, and Google Scholar. We also conducted reference
checking in some of the studies retrieved from these databases for relevant additional studies.
The most recent search for potential studies from the above databases was conducted on 2™
April, 2023. For the main search, a Boolean search, using a combination of “AND” and “OR”,
was utilized in the search process. The first author (AS) conducted the search using the search
terms “non-communicable diseases”, “noncommunicable diseases”, “climate change”,
“NCDs”, “globalization” and “environmental change”. The search was grouped into four cate-
gories—NCDs, Climate Change and NCDs, Globalization and NCDs, and Environmental
Change and NCDs (see S1 Table)—and the number of studies identified from each search cat-
egory was recorded, as shown in Fig 1.

2.2 Eligibility criteria

2.2.1 Type of studies and context. Our electronic searches were limited to peer-reviewed
and original research conducted in English. The inclusion criteria required the studies to be
focused on either climate change, globalization or environmental change or a combination of
them and their relationship with non-communicable diseases (NCDs) in the context of Africa.
We excluded non-English studies as the authors do not speak or understand these languages
and do not want to misinterpret or misrepresent these studies. Systematic review papers as
well as studies that were conducted outside the African continent were excluded. However,
where a review was identified, the eligible studies in the review was extracted and included
individually. No restrictions were put on the year of publication of the studies or studies pub-
lished in any specific peer-reviewed journal.
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Fig 1. Number of studies identified from the search categories.

https://doi.org/10.1371/journal.pone.0297393.9001

2.2.2 Population and outcome of interest. We considered all population groups, as were
discussed in the original studies. The outcomes of interest included the direct or indirect influ-
ence of climate change or globalization on NCDs in Africa. In this regard, and to help ensure
that the systematic review process would be manageable in scope, a decision was made to limit
the studies to only those that demonstrated evidence of relationship between ‘climate change
and NCDs’ or ‘globalization and NCDs’, or a combination of globalization, climate/environ-
mental change and NCDs and the measured dependent variables of the studies. Thus, any
studies that discussed the real or the potential influence of climate change or globalization on
the risk factors for NCDs (e.g., physical inactivity, increased smoking, and alcohol intake, etc.)
were included in the final review.

2.3 Study selection

Selection of the eligible studies was conducted following a four-step process. Firstly, a single
reviewer (AS) screened and imported the full citations of the identified studies into Covidence.
Secondly, titles and the abstracts of the imported studies were screened by two reviewers (AS
and JK) to determine if such studies should be included based on the inclusion criteria estab-
lished for this review. The third stage involved cross-checking of the eligible studies for full-
text review. This stage was conducted by a third reviewer to help minimize potential selection
and inclusion bias by the first two reviewers. The fourth stage involved full-text screening to
select studies meeting the inclusion criteria. Two reviewers (AS and JK) screened the studies
and a cross-checked done by a third reviewer (LB) as an additional measure to reduce inclu-
sion bias in the final step [33]. Using a standardized pre-extraction form, all the eligible studies
were extracted. The extracted studies were imported into EndNote (v21) for the final review.

2.4 Data extraction

A standardized evidence table was developed and trialed with the first 2-3 articles to ensure it
is robust enough to comprehensively capture all relevant data to answer the review questions.
Data about the author(s), year of publication of the study, the specific country in which the
study was conducted, the focus of the study, the study design or type of data used, the key find-
ings, as well as implications of the findings for future NCD research were extracted from each
study. The data extraction was carried out by the first reviewer (AS) and cross-checked by a
second reviewer (JK) to ensure consistency and transparency in the process. At all points
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where discrepancies arose, all reviewers were involved in resolving them before the extraction
continued.

2.5 Data synthesis

A narrative synthesis approach was employed for the analysis of the included studies. Our
analysis procedure followed the framework suggested by Popay et al. [34] for the conduct of
narrative synthesis and systematic reviews. The main outcomes of interest were analyzed using
tables, figures, and texts, highlighting the mechanisms between climate change or globalization
and NCDs in Africa. The geographical locations of all the included studies were captured. This
was followed by summarizing and reporting the key characteristics of each study in an evi-
dence table. Subsequently, the major pathways between climate change or globalization and
NCDs that emerged from the review were reported and discussed comprehensively.

2.6 Methodological quality assessment

The methodological quality of the included studies was assessed using the critical appraisal
tools for analytical cross-sectional studies and qualitative research proposed by the Joanna
Briggs Institute (JBI) [35, 36]. These tools were employed due to the cross-sectional design and
qualitative nature of the reviewed studies. The quality assessment was considered appropriate
for minimizing potential bias (see S2 and S3 Tables).

The first author (AS) carried out the quality assessment and the results were subsequently
verified by all authors. In sync with the JIB’s checklist, the quality assessment for each study
was based largely on the clarity of inclusion and exclusion criteria, adequate description of the
participants and the setting of the study, statement of strategies adopted to deal with con-
founding factors and the use of appropriate statistical analysis method.

3. Results

The results are organized into two broad sections. The first section reports findings from the
search outcome and the characteristics of the studies included in the systematic review. The

second section focuses on the relationship between globalization and or climate change and

NCDs.

3.1 Search outcome

A total of 13864 studies were identified from the eight electronic databases, as shown in Fig 2.
The following details were retained for each study: paper title, authors, journal name, volume
and issue number, page numbers, and the abstract.

Of the 13864 studies identified, 9649 studies were removed as duplicates by a match of the
titles. Another 3820 studies were excluded after the title and abstract screening for relevance,
leaving 395 studies for full-text review. After the full-text review, 368 studies were further
excluded for not meeting the inclusion criteria. Finally, 27 studies met the full eligibility crite-
ria and were retained for further assessment.

3.2 Characteristics of the included studies

In-depth characteristics of the included studies are shown in Table 1. As earlier mentioned in
Section 2.4, Table 1 highlights the author(s), country of research, year of publication, study
design, key findings, and implications of the findings of each study for future NCD research.
The studies were published between 1996 and 2023. The studies covered 10 specific countries
in 27 different locations: Cameroon [37], Ethiopia [38-40]); Kenya [19, 41-43], Namibia [20],
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Nigeria [27, 44], Senegal [45, 46], Sierra Leone [28], South Africa [47-50], Tanzania [51] and
Uganda [52]. Four of the studies were generic, focusing on sub-Saharan Africa [53-56], while
one study focused on multiple countries, specifically Cameroon, Kenya, Nigeria, and South
Africa [15].

The regional—Central, Eastern, Northern, Sothern and Western—distribution of these
countries is shown in Fig 3. The studies used both primary [19, 20, 28, 37, 39, 40, 42, 45, 46, 50,
51, 57] and secondary datasets [19, 38, 43, 44, 47-49, 52], drawn from cross-sectional surveys
using structured and semi-structured questionnaire instruments (e.g., focus group discussions
and in-depth interviews) [19, 20, 28, 37, 39, 40, 42, 45, 46, 51, 57] as well as national datasets
such as the NCDs risk survey data of Uganda for 2014 [52]; the Urban Kenya demographic,
anthropometric, and bio-medical data [19], the Kenyan STEP 2015 survey data [58] and the
South African National Income Dynamics Study (NIDS) wave 5 of 2017 data [47]. Predomi-
nantly, the studies employed both qualitative [27, 37, 44, 48, 53-56, 59, 60] and quantitative
[15, 19, 20, 28, 38-40, 42, 43, 45-47, 49-52, 57] approaches in the analyses of the datasets,
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Table 1. Characteristics of included studies.

A. CROSS-SECTIONAL (QUANTITATIVE STUDIES)

Domain Citation | Country/ Focus of the Study Key Findings Implication for NCDs/Research Need
Region
Globalization | [47] South Africa | Prevalence and contextual More migrants (19.81%) than non-migrants Need for increased education and
Correlates of NCDs in (16.69%) reported prevalence of NCDs. awareness about NCDs, to change
Migrants and Non-migrants lifestyles about smoking and physical
Populations inactivity.
Globalization | [57] Kenya Patterns of unhealthful dietary, | Prevalence of unhealthful behaviors varied Need for enhanced childhood obesity
PA and sleep behaviors. significantly by age, gender, school income prevention measures in Kenya and
levels, city, and frequency of consumption of | neighboring countries.
restaurant foods.
Globalization | [19] Kenya Effects of purchasing food in | Purchasing food in supermarkets had an Effects of supermarkets on nutrition and
supermarkets on NCDs increased probability of being obese, and a health can mainly be ascribed to changes
higher likelihood of suffering from pre- in the composition of people’s food
diabetes. choices.
Globalization | [42] Kenya Behavioral risk factors of One out of five of people in the urban slum Comprehensive & differentiated
common NCDs slum dwellers. | settings of Nairobi had co-occurrence of NCD | approaches needed for effective NCD
risk factors. prevention.
Globalization | [52] Uganda Alcohol use among adults and | High level of alcohol use causes alcohol-use- The need to control the intensive intake
NCDs. related NCDs. of alcohol to reduce the prevalence of
NCDs.
Globalization | [20] Namibia Dietary patterns and NCDs. High uptake levels of starch-sugar—oil diets are | Context specific interventions required to
associated with diabetes. address dietary related NCDs.
Globalization | [38] Ethiopia Diet-related behaviors & Dietary behavior contributes significantly to Multisectoral interventions are required
NCDs. NCD burdens. Intakes of diet low in fruits and | to effectively mitigate the burden of
vegetables and high in sodium are the leading | NCDs.
dietary risks.
Globalization | [39] Ethiopia NCDs and associated factors Overall, 95.8% of the participants had at least | The need for lifestyle modification and
among working adults. one of the five risk factors of NCDs. comprehensive NCDs prevention
programs.
Globalization | [43] Kenya Dietary risk factors for NCDs. | Prevalence of high reported dietary salt intake | Further research is necessary to
and sugar associated with NCDs. understand the knowledge: practice
mismatch on unhealthy diets.
Globalization | [45] Senegal NCDs and Risk Factors The risk of high cholesterol was 2.42 in the 35— | Intervention for the prevention of NCDs
44 age group and 2.86 in the 45-60 age group | and enhance health promotion is needed.
in comparison with the 25-34 age group. 32%
were classified as having stage 2 chronic
kidney.
Globalization | [48] South Africa | Food consumption Real food expenditure on certain foods Reducing the cost of access to nutritious
expenditure & NCDs exacerbates the burden of diet related NCDs. | foods for the prevention of NCDs may be
useful.
Globalization | [46] Senegal Red meat consumption & High consumption of red meat increases the The need for educational intervention on
NCDs risks for NCDs. the controlled use of meaty (proceed
meat) foods.
Climate [49] South Africa | Migration, Urban living and Migration negatively affects women’s health The need for further interrogation of the
change NCDS. through higher blood pressure (BP). ways in which migration and urban living
are structured by gender in LMICs.
Globalization | [28] Sierra Leone | Ebola and NCDs Comprehensive reporting of NCDs was The need to put in adequate measure to
suboptimal and declined during the Ebola ensure that epidemics such Ebola do not
epidemic. unduly overburden the severity of NCDs.
Globalization | [50] South Africa | Risk factors for NCDs and The HCWP was associated with clinically Intervention to promote the making of
association with the 'Healthy | significant reductions in behavioral, metabolic, | health-friendly decisions at workplaces
choices at work’ program. and psychosocial risk factors for NCDs. may be useful for the prevention of
NCDs.
Globalization | [15] (Cameroon, | Globalization processes, the Higher profit margins on processed foods have | Further research may be needed to
Kenya, food environment, and dietary | promoted the creation of ‘obesogenic’ enhance the understanding of the impacts
Nigeria, health outcomes in SSA. environments. of globalization processes on dietary
and South health outcomes in SSA.
Africa)
(Continued)
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Table 1. (Continued)

Among NCDs, hypertension exhibited the
strongest clustering within neighborhoods
followed by chronic kidney disease (CKD),
obesity and glucose impairment.

B. QUALITATIVE STUDIES

Globalization | [51] Tanzania Neighborhood clustering of
NCDs.

Domain Citation | Country/ Focus of the Study

Region

Climate [53] Sub-Saharan | Impact of climate change and

change Africa urbanization in Africa

Globalization | [54] General Global Environmental Change
(GEC)
and NCD Risks

Climate [55] General Global climate change impacts

change NCDs.

Globalization | [44] Nigeria Burden of NCDs) &
globalization.

Globalization | [48] South Africa | Food consumption
expenditure & NCDs

Globalization | [59] Africa Transitioning food
environments and diets of
African migrants

Globalization | [27] Nigeria Prevalence & knowledge of
NCDs.

Globalization | [37] Cameroon Urbanization, Risk Profiles for
Non-NCDs.

Climate [60] Sub-Saharan | Climate change and NCDs

change Africa

Globalization | [56] General Environmental roots of NCDs

and the epigenetic impacts of
globalization.

https://doi.org/10.1371/journal.pone.0297393.t001

Key Findings

Climate change and urbanization are putting
additional pressure on unplanned urban food
systems across Sub-Saharan Africa.

Risk Factors for global GEC Influence NCD
risk through a range of mechanisms.

Chronic disease risks are likely to increase with
climate change and related increase in
malnutrition, and extreme weather events.

The burden of NCDs is on the rise in Nigeria
due to various forces of globalization

Real food expenditure on certain foods
exacerbates the burden of diet related NCDs.

Dietary practices of African migrants are not
homogenous.

Overall, 99.3% of respondents had at least one
behavioral risk factor. Behavioral risk factors
for NCDs were prevalent among
undergraduates.

Urbanization was associated with a less active
lifestyle and a dietary pattern that was higher
in fat and lower in fruit and vegetable intake.

Burden of NCDs is associated with climate
changed induced urbanization in SSA.

Epigenetic modifications related to
globalization is associated with patterns of
NCDs.

The results may help inform the design of
future community-based studies
examining NCDs.

Implication for NCDs/Research Need

Need for research to further understand
the link between climate change,
urbanization, and fast-food retailing.

Need for further research on the direct
and in-direct impact of GEC on NCDs

Further research needed to guide the
monitoring of the health impacts of
climate change on NCDs

Efforts should be targeted at
strengthening health systems to address
NCD prevalence.

Reducing the cost of access to nutritious
foods for the prevention of NCDs may be
useful.

There is the need to recognize the
heterogeneity of the dietary practices of
African migrants.

Need to enhance knowledge and
understanding about NCDs.

The need to identify children with
unfavorable risk profiles to modify their
behavior towards minimizing the burden
of NCDs.

Urgent need for climate sensitive NCD
indicators in SSA policies, adaptation
plans.

Interventions are required to address the

negative contribution of globalization on
NCDs.

focusing on the influence of climate change [49, 53, 55, 60] and globalization [15, 19, 20, 27,

28, 37-40, 42-48, 50-52, 54, 56, 57, 59] related factors on NCDs prevalence in Africa.
Together, the studies had a large pool of participants, ranging from 119 [37] (in Cameroon)

to over 28055 [47] (in South Africa) participants, consisting of both males and females, aged

between 10 and 70+ years. NCD risk factors varied across socio-demographic attributes, sug-
gesting that people living in the highest wealth quintile are more likely to have higher preva-
lence of NCDs such as type II diabetes compared to other cohorts [58]. The significant risk
factors for NCDs identified from the studies include physical inactivity [37, 50], tobacco smok-
ing and harmful alcohol consumption [37, 50, 52]), overweight [57], obesity [51, 57] and raised
blood pressures [51, 61].
The methodological quality assessment of the included studies is also shown in S2 Table.

Overall, the assessment revealed a moderate risk of bias but did not provide strong evidence to
doubt the results reported. Importantly, the objectives that underpinned the studies were
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clearly stated as well as descriptions of the study populations and how the samples were drawn.
In each study, a reasonable proportion of the eligible population was recruited using scientifi-
cally rigorous methods of sample selection process guided by sound inclusion and exclusion
criteria. Also, different statistical analysis methods were employed to identify and account for
the influence of single or multiple potential confounders [45, 46, 51]. However, some of the
studies [28, 42, 47, 50] did not clearly state how confounders were identified and how they
were accounted for in their analysis, which may have moderately biased the findings of the
studies. Likewise, the cross-sectional nature of the included studies did not allow sufficient
time to assess the causal relationships between the risk factors for NCDs and the prevalence of
NCDs among the samples. Essentially, most of the studies [19, 20, 28, 37, 39, 40, 42, 45, 46, 51,
57] relied on one-time retrospective self-report of the participants using a questionnaire,
which made it difficult to discern the accuracy of the reports.

3.3 The climate change, globalization and NCDs nexus

The Intergovernmental Panel on Climate Change (IPCC) defines climate change as ‘a change
in the state of the climate measured by changes in the mean or the variability of its properties,
which may persist for a long period of time’ [62] [p.120]. Globalization, on the other hand, is

arguably a term that is still subject to different views in terms of its meaning and influence on

PLOS ONE | https://doi.org/10.1371/journal.pone.0297393  February 23, 2024 9/22


https://doi.org/10.1371/journal.pone.0297393.g003
https://doi.org/10.1371/journal.pone.0297393

PLOS ONE

Climate change, globalization and non-communicable diseases in Africa

human life [19]. Nonetheless, globalization is generally considered as a phenomenon that

involves the spatial restructuring of relatively free and smoother trans-border movement of
goods and services [63], and as a socio-cultural process, involving the diffusion of cultural ide-
ologies and sensitivities [19]. This understanding suggests the concept of globalization as syn-
onymous with Westernization, considering that globalization has been at the forefront of the
adoption of Western ways of living, especially within the context of changing dietary lifestyles
and socio-cultural behaviors [20, 38].

NCDs, emerged from the review. As presented in Fig 4, these pathways are: (a) food

Three major pathways, through which climate change and or globalization interact with
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Fig 4. Relationship between climate change, globalization and NCDs.
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Table 2. An overview of climate change, globalization and NCD discourse.

Key Domain Citation Country(ies) Type of NCD(s) linkage Potential linkage with NCDs
Climate change, food | [53, 55, 60] General (Sub-Sahara Africa), Reduced food production and affordability of Obesity/undernutrition (malnutrition),
production & South Africa nutritious food; crop failure, food systems and type-2 diabetes, cardiovascular disease,
nutrition nutrition insecurity. etc.
Globalization & [37, 53, 56, General (Sub-Saharan Africa) | Increased sedentary lifestyles, reduced active Overweight, obesity, raised blood
urbanization 60] Cameroon lifestyle/physical activity, increased intake of diet | pressures, type-2 diabetes,

rich in fat, lower intake of fruit and vegetables, cardiovascular disease, etc.

slums, stress, exposure to communicable diseases.
Globalization & [15, 19, 20, General (Sub-Saharan Africa), | Increasing prevalence of unhealthy dietary Higher BMI, probability of being obese,
transformation of food | 38, 44, 48, 53, | Cameroon, Kenya, Nigeria, behaviors (consumption of fast foods, alcohol, higher likelihood of pre-diabetes, raised
systems 57, 59] and South Africa, Namibia, smoking, etc.), popularity of supermarkets blood pressures, type-2 diabetes, cancer.

Ethiopia, (changes in the composition of people’s food etc.

https://doi.org/10.1371/journal.pone.0297393.t002

choices, etc.).

production and nutrition (b) urbanization; and (c) transformation of food systems. An over-
view of these pathways is presented in Table 2 while each pathway is discussed comprehen-
sively in the next three sub-sections, respectively.

3.3.1 Climate change and food production and nutrition pathway. The issue of climate
change and its impact on food production is increasingly recognized, not only in Africa, but
also in different parts of the world [63]. In the context of this study, some [53, 55, 60] have dis-
cussed the influence of climate change on NCDs, through how climate change events affect
food production, leading to food insecurity, increasing incidence of malnutrition and foreign
food retailing. For instance, in 2007, the Intergovernmental Panel on Climate Change (IPCC)
hinted that in about 50 years, agricultural productivity in Africa may decline by up to 12%, due
to climate change effects [64]. In the context of Tanzania, Rowhani and colleagues also
reported that by 2050, the projected increase of 2°C will reduce the average production of rice,
sorghum and maize, which are major staple foods for most Africans, by 7.6%, 8.8% and 13%,
respectively [65].

Although the occurrences of climate change events are not limited to Africa, Africa seems
to be the embodiment of the vulnerability of climate change effects [66] as the continent con-
tinues to disproportionately receive the negative impacts of climate change-induced natural
disasters [12]. For instance, between 1991 and 2021, Africa consistently recorded warming
trends in temperatures, with an annual increase of about +0.3°C, higher than the average
recorded (+0.2°C) for the period between 1961 and 1990 [67]. This led to about 34% reduction
in agricultural productivity in Africa, which was markedly higher than any other region’s since
1961 [67]. Projections are suggesting that, if nothing is done, this trend may continue to hit
most parts of Africa with further negative outcomes on food security, nutrition and health
[68]. Consequently, it is argued that the current and the projected outlook of African climatic
conditions may undermine the continent’s ability to achieve its targets of the Sustainable
Development Goals (SDGs), target 3.4 (i.e., to reduce by one-third premature mortality from
NCDs by 2030) [11].

The included studies have reported that droughts, for example, have been a leading cause of
livelihood destruction in Africa for some time now. Drought is generally used to describe a
prolonged period of dryness due to high temperatures and low rainfall [69]. Like most natural
disasters, droughts are not unique to Africa, and several other countries outside Africa have
also experienced droughts at one point in time or the other. However, Africa has historically
witnessed several episodes of prolonged and extreme droughts across the continent, bringing
about food insecurity, health disparity, morbidity, and mortality [70, 71].
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For example, Qu and colleagues reported that, between 2010 and 2011, countries that are
commonly referred to as the Horn of Africa (HOA)—Djibouti, Eritrea, Ethiopia, and Somalia
—simultaneously experienced severe droughts, which led to severe degrees of food insecurity,
famine, malnutrition and loss of several lives [72]. Similarly, approximately 3.7 and 2.6 million
people in South Africa and Madagascar, respectively, were affected by droughts in 2019 [14,
73], which all led to severe food shortages, and consequently famine. The Western Cape of
South Africa also experienced severe droughts during the period between 2015 and 2018 [74].
Such events caused dams to dry significantly, affecting the livelihoods of about 3.7 million peo-
ple [13]. Ishumael and Godwell [75] also reported how communal farmers in Zimbabwe were
exposed to unfamiliar drought conditions that increased their vulnerability to food insecurity
and poverty. In projected terms, Habtemariam et al., [76] have argued that, by 2030, climate
change-induced droughts may negatively affect small-scale farming activities more progres-
sively than presently being experienced in Ethiopia. Increasing frequency and severity of
drought, as a climate change outcome, has many health implications [70, 71]. As shown in Fig
4, drought can negatively affect crop production [75]. In many parts of Africa, low crops, and
vegetable production due to droughts have caused food shortages and led food prices to rise,
potentially increasing reliance on processed foods [65, 77, 78]. Similarly, during droughts, live-
stock raised for food can become malnourished and can even die in severe cases [79], poten-
tially increasing the risk for NCDs due to limited access to essential food nutrients.

Another key issue of climate change in Africa is rising temperatures in urban areas, which
have presented unusual records of heat waves in the continent. Temperatures in the African
continent have been warming at a faster pace than the world’s mean surface temperature [80].
For example, the annual average temperature for the year 2020 was 1.19°C above average,
making 2020 the fourth warmest year in the African continent since the last century (precisely
since 1910) [81]. It is forecasted that, towards the end of the 21*' century, temperatures in
extensive parts of Africa may exceed 2°C of the expected average warming [82]. The effects
include reduced agricultural productivity, lower dietary diversity, and higher food prices [83],
putting people at higher risk of many NCDs [84].

Severe heat waves adversely affect agriculture activities, crop production and nutrition
intake [82, 85] and public infrastructure development and management, which are all essential
for promoting the prevention of NCDs [86-88]. Africa is relatively more vulnerable to heat-
waves mainly because of its limited adaptation expertise exacerbated by ineffective institutional
structures to effectively manage the outcomes of heatwaves [89]. Heat stress causes accelerated
blood circulation and heart rate, and changes in blood pressure levels., which can lead to insuf-
ficient cardiac output to fulfill the thermoregulatory needs of the human body [90]. Excessive
temperatures can worsen the health status of individuals suffering from diabetes because their
skin’s blood flow and sweating responses are lower compared to that of healthy individuals
during heat exposure; also, excessive heat can be detrimental to an individual’s glycemic con-
trol, leading to glycemic shocks [91].

3.3.2 Globalization and urbanization pathway. The pathway between globalization and
urbanization on NCDs was captured through the indirect influence of migration (intra- and
inter-national) on human health [92, 93]. Migration is associated with both benefits and
harms. Migration may supply low-cost labor for host countries or cities and remittances from
emigrant workers can be essential sources of income for many people [92]. Some have also
argued that urban living through migration may improve the health conditions of people living
with NCDs through enhanced access to better health services including access to essential and
beneficial health information [94]. On the contrary, migration is conceived to be an underly-
ing determinant of NCDs as it is commonly associated with increased exposure to behaviors
that contribute to the tendency of becoming more prone to NCDs [95].
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The studies argue that in the context of Africa, immigration has induced the formation of
slum, leading to overcrowding, stress, and exposure to communicable and non-communicable
diseases and urban food environments, as immigrants are often forced to sleep in crowded
rooms with limited access to quality water and hygiene services in their neighborhoods [27,
42]. Thus, urban living significantly influences the exposure of migrants to the risk factors of
NCDs such as poor dietary changes [20, 38, 59], increased smoking and alcohol consumption
and stressful living conditions [43]. Cities also tend to be devoid of green and open space for
outdoor physical activity, coupled with higher prevalence of crime, violence, and threat on
human life [50].

Pheiffer [49], for instance, examined the influence of internal migration and urban living
on the risk factor for NCDs in the context of South Africa. The author found that internal
migration and urbanization continue to be pervasive demographic and socioeconomic phe-
nomena that shape the daily living circumstances of South Africans. They also found that
while urban residence appeared to convey a health advantage when men reside in urban areas
compared with rural places, there was no evidence of an urban health advantage among
women. Instead, migration negatively affected women’s health through higher blood pressure
(BP). Earlier, Proctor et al., [37] examined the risk profiles for NCDs in rural and urban school
children in the Republic of Cameroon. They found that physical activity among rural children
was more than twice that of urban children. Also, they found that rural children consumed
fewer foods containing fat and more fruits and vegetables relative to their counterparts in
urban areas. Their overall conclusion was that urbanization was associated with a less active
lifestyle and dietary pattern that was higher in fat and lower in fruit and vegetable intake.
Ajaero et al,, [47] posited that changing lifestyles were also associated with migration and
urbanization and led to increased reported levels of stress and reduced physical activity levels.

3.3.3 Globalization and transformation of food systems. The second pathway through
which globalization impacts NCDs is reflected in the way it contributes to changing food sys-
tems in Africa. Food transformation is the shift in dietary patterns that influences human
health [96]. While several factors are noted to be underpinning food shifts, climate change and
globalization are at the forefront [18, 55]. One of the central shifts that has occurred in the
global food system is the increasing disappearance of fresh food markets in most parts of
Africa and traditional fruit trees [41]. Most African countries, for instance, are fast becoming
flooded with multinational and regional supermarkets. Thus, purchasing food from supermar-
kets has also been spreading across capital cities to rural areas in Africa [19, 20]. Some scholars,
e.g., [21], are of the view that development in the fast-food industry in the developed world has
led to the shifting pattern of dietary behavior in the developing world, especially in Africa. For
instance, Coca-Cola products are now sold in over 200 countries around the world, while the
records of fast-food restaurants such as KFC, McDonald’s, Pizza Hut, and Kentucky’s Fried
Chicken restaurants, are also increasing in most parts of Africa [15, 97].

Various studies suggest that, in relation to dietary behavior, as the transition from reliance
on the ability to produce food to reliance on the ability to purchase food increases, people eat
what is available and cheap. To some extent, this has led the global fast-food industry to bring
to African markets energy-dense products that are nutritionally poor but attractively priced
and marketed [20, 37, 38]. In the context of Kenya, Demmler et al., [19] investigated the
impact of supermarket food purchases on nutrition related NCDs, focusing on the direct effect
on people’s BMI, as well as on health indicators such as fasting blood glucose (FBG), blood
pressure (BP), and the metabolic syndrome. The authors found that supermarkets and their
food sales strategies seem to have directly affected people’s health, suggesting that, in addition
to increasing overweight and obesity, supermarkets contributed to nutrition related NCDs.
Modernization in the food retail sector is typically associated with changes in the types of
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foods offered, prices, packaging sizes, and shopping atmosphere. Remarkably, more prevalent
than it was in the past four decades or so, food consumers in urban Africa now buy their foods
in supermarkets but not from traditional retail stores [98, 99].

The above findings have been corroborated in other studies, providing additional evidence
that traditional diets are being abandoned in favor of a more Western diet in both urban and
rural Africa [20, 45]. Kazembe et al., [20], for instance, investigated the relationship between
dietary patterns and NCDs in Windhoek, Namibia based on data from a cross-sectional ran-
dom sample of 863 households. The authors identified three major dietary patterns: starch-
sugar—oil, fruits—vegetables, and meat-fish, which explained more than 43% of the variation in
food consumption. They observed that high uptake levels of starch-sugar-oil diets were asso-
ciated with diabetes and increased heart problems. The prevalence of diabetes and hyperten-
sion differed significantly with household dietary diversity. Both were more common in
households with higher dietary diversity, which is likely a function of higher levels of con-
sumption of sugars and processed foods [100].

Relatedly, the studies also discussed the globalization of the beverage/tobacco industry in
Africa and its associated impacts on NCD risk factors. In the context of Nigeria, Maiyaki and
Garbati, [44] argued that globalization has created an enabling environment for expansion of
both alcohol and tobacco markets, potentially influencing the creation of a growing culture
that associates consumption of such products with high social status. Motuma et al., [39] in the
context of Ethiopia, and Kabwama [52] in the context of Uganda also acknowledged the phe-
nomenon. These authors argued that increasingly exposing vulnerable populations, especially
the youth, to alcohol and tobacco consumption, has the potential of expanding the base of
NCD epidemic in Africa [44].

4. Discussions

This review aimed to document the pathways through which climate change and or globaliza-
tion influence non-communicable diseases (NCDs) in Africa. In general, we found that the
impacts of climate change and or globalization on NCDs are mainly indirect, acting through
different pathways that influence the prevalence and the burden of NCDs in Africa. Specifi-
cally, three pathways emerged from the review, suggesting that while climate change indirectly
influenced NCDs through reduction in food production and the intake of nutritious foods in
the African continent, globalization influenced NCDs through urbanization and the transfor-
mation of food systems.

The studies have demonstrated that in the last three decades, there has been an accelerated
change in the diets and lifestyles of populations around the African continent. This evolution
is mainly linked to the pressures of urbanization and the growing globalization of traditional
food systems [46]. The findings from the studies showed that the patterns of food consumption
in Africa have tremendously changed from the consumption of local foods from traditional
food markets to the consumption of foreign foods from supermarkets, which have relatively
higher energy density and are generally rich in saturated fat, salt, and sugar, with less unrefined
carbohydrates [19].

The consumption of meat, for instance, was identified in most of the studies as an aspect of
the dietary pattern that has changed over the years, being a primary risk factor for NCDs [19,
20, 46, 57]. Previous studies have argued that, although meat makes up only about 10% of
global food mass and energy, it delivers most of the vitamins needed by humans [101, 102].
However, what has been observed in this study is an increased consumption of red/processed
meat. Wolk’s [103] study, for instance, revealed that the consumption of red meat (100 g/day)
and processed meat (50 g/day) was associated with an increased risk of diabetes, coronary
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heart disease and stroke. This finding collaborates with findings from some recent studies such
as the study of Giromini and Givens, [102]. Giromini and Givens have advanced evidence to
suggest that the consumption of red or processed meat, as opposed to white meat, is associated
with increased risks of cardiovascular diseases (CVDs) and cancer. Similarly, in their study of
the determinants of intention to Consume Dibiterie Meat towards the Risks of NCDs in the
Dakar Region of Senegal, Orou Seko et al., [46] also observed a transition from consuming tra-
ditional foods to foreign foods, which were previously not common in Senegal. The authors
attributed such transition to an observed increase in the pattern of out-of-home consumption,
particularly in working-class neighborhoods, and in the development of collective catering
workshops called “dibiterie”. Dibiteries offer braised sheep meat that is particularly popular
and anchored in the eating habits of populations more exposed to the risk of NCDs [46].

Changes in job and labor culture over the last four decades have also been marked as
aspects of the sociocultural fabric of Africans that have had some influence on NCDs in Africa.
Hence, the reported lifestyle and associated risk factors for NCDs in most of the studies were
generally attributed to such transformations. For instance, in the context of Ethiopia, Yosef
[40] assessed the prevalence and associated factors of chronic NCDs involving 422 cross-coun-
try truck drivers. The author found an overall prevalence of NCDs among the participants to
be 28.5%. This finding is in line with previous studies, e.g., [104, 105], which have also argued
that truck driving is a job that exposes drivers to more risk factors for NCDs than other jobs.
While driving is not an entirely new development in Africa, driving trucks for long hours
across cities and countries is a relatively recent development due to the influence of the globali-
zation of goods and services. Driving for long hours, as a professional occupation, is a typical
sedentary behavior that can be considered a recent socio-cultural practice in most parts of
Africa. Indirectly, the workplace environment shapes employees’ health and safety, influences
their health behaviors through physical and psycho-social mechanisms and can influence the
risk of developing NCDs [50]. Occupational psychosocial stress factors such as high workload
(e.g., driving for long hours), psychological demands and lack of social support, are all associ-
ated with employees’ health and psychological well-being [106]. Therefore, it is not entirely
surprising that the transformation of the sociocultural environment, including dietary pat-
terns, has been discussed in the included studies as contributing to the prevalence of NCDs in
Africa.

Another significant influence of globalization on NCDs reported in some of the studies [27]
is the indirect influence of globalization on the spread of emerging and re-emerging infectious
diseases including COVID-19 in the African continent. It is believed that the impact of
COVID-19 would not have been such severe, but for the seamless possibility for people to
travel and for goods and services to be fast transported across borders. Apparently, the battle
against COVID-19 placed pressure on scarce resources, leading to an increased healthcare bur-
den for patients with NCDs as resources were repurposed for the acute problem of COVID-19
pandemic control [27]. Owopetu et al., [27] assessed the implications of COVID-19 and the
continuity of care for NCDs in sub-Saharan Africa. The authors found that in the context of
the COVID-19 pandemic, many people living with NCDs found accessing care more difficult.
They added that the majority of the available resources on the African subcontinent were
diverted to focus on the COVID-19 pandemic, thereby causing interruptions in care, compli-
cation in management, and drug pick-up, to the point of almost neglecting care for NCDs
[27]. Also, in many other countries in Africa, patients with single or multiple NCDs found
themselves with no or unpredictable/disrupted clinic follow-up visits for weeks or months and
drug pick-ups at some locations became inaccessible [107]. These constraints, combined with
an already resource-limited health system, led to increased morbidity and mortality for
patients with NCDs in the African region [27, 107].

PLOS ONE | https://doi.org/10.1371/journal.pone.0297393  February 23, 2024 15/22


https://doi.org/10.1371/journal.pone.0297393

PLOS ONE

Climate change, globalization and non-communicable diseases in Africa

In the context of Sierra Leone, Samba et al., [28] found another interesting way through
which globalization impacted the spread of the Ebola virus and how that in turn affected the
management of NCDs in the country. The aim was to describe reporting systems, monthly
attendances, and facility-based patterns of six NCDs, including hypertension, cardiovascular
diseases, diabetes, and peptic ulcer, in the pre-Ebola and during the Ebola virus disease out-
break periods. Overall, the authors observed a marked decline in the reporting of NCDs during
the Ebola period, with a monthly mean of 342 cases pre-Ebola and 164 during the Ebola out-
break. This observation is similar to Edelstein and colleagues’ [108] comments regarding how
the Ebola virus disease (EVD) influenced the risk for some communicable and non-communi-
cable diseases in Ebola-affected countries in Africa due to a decline in hospital attendance, and
or case reporting. Similarly, Samba and colleagues are of the view that, the downward report-
ing trends observed for most NCDs during the Ebola disease outbreak could be attributed to a
decrease in clinic attendance, as well as the closure and repurposing of some health facilities
for the Ebola response. It is also likely that the redeployment of skilled human resources and
the tragic deaths of healthcare workers due to Ebola worsened some NCD conditions.

5. Limitations and conclusion

This systematic review has several limitations that should be considered while acknowledging
the findings. First, we excluded non-English studies as the authors do not speak or understand
these other languages and do not want to misinterpret or misrepresent these studies. Thus, we
may have excluded some relevant studies published in other languages. Further, despite using
a comprehensive search strategy to complete our electronic search in eight electronic data-
bases, it is still likely we may have missed additional relevant articles that may have contributed
turther insights to our analysis. It is also important to state that a vast majority of the included
studies used cross-sectional survey data. While the studies have demonstrated sound theoreti-
cal bases for their study designs, we acknowledge that cross-sectional data do not provide
definitive assertions of causality. Thus, the arguments from the included studies may not be
unbiased of the true picture of NCDs and the interrelationships of NCDs with climate change
and or globalization in the context of Africa. Despite these limitations, we believe that we had
a strong scientific base supporting the inclusion of the studies reviewed in this paper.

In summary, the findings of this systematic review suggest that climate change and globali-
zation are undeniably at the forefront of the prevalence of NCDs, putting additional financial
and social anxiety on the containment of NCDs in Africa. Climate change negatively impacts
food production and nutrition through increasing frequency and severity of droughts, heat-
waves, rainstorms, floods, and other severe weather events that are not conducive to food pro-
duction for the African population. Globalization, on the other hand, induces transformation
in food and sociocultural systems and influences urbanization, leading to overcrowding, stress
levels, and the spread of communicable diseases, especially in urban Africa. The connection
between climate change and globalization is demonstrated in the way their direct and indirect
effects contribute to reducing expenditure on NCDs (due to a higher focus on communicable
diseases such as HIV/AIDs, Ebola, COVID-19, etc.), decreasing physical activity level and
decreasing the intake of local/nutritious foods. The review further suggests that the issues
influencing NCDs in Africa, through the forces of climate change and globalization, are com-
plex, and depend on several interrelated economic, social, cultural, and environmental factors.

Opverall, our review showed that there are more studies or literature on globalization and
NCDs linkage relative to the influence of climate change on NCDs. This indicates that in the
context of Africa, much research attention has not been given to the impact of climate change
on NCDs. Thus, while the health sector would have a major role to play in enabling further
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research and monitoring the impacts of climate change on NCDs, researchers would also need
to examine the specific pathways between global climate change and NCDs toward appropriate
interventions for the control of NCDs in Africa. It may also be useful for future studies to
explore the management practices that people afflicted with NCDs are employing to cope with
their conditions, as well as how they are adapting to the changing food systems and nutrition
under the influence of climate change and globalization [109]. In doing so, it may be essential
to recognize the pervasiveness of the economic, social, and political forces underpinning
human behavior about food choices and dietary behaviors for context-appropriate health-
related interventions [109].
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