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Abstract:

Climate change severely threatens global public health, with sub-Saharan Africa (SSA) projected
to experience profound impacts. This scoping review aimed to provide a comprehensive
overview of current research on climate change and its health implications in SSA while
identifying research gaps and outlining the necessary resources and policy interventions to
strengthen public health resilience in the region. Literature was retrieved from four databases
(PubMed, Scopus, Embase and Web of Science) using the keywords “climate change,” “health,”
and “sub-Saharan Africa”. A total of 7851 journal articles were identified from the initial search,
and after screening, 153 studies were included for review. The included studies were published
between January 2001 and August 2024. Although extensive studies have been conducted on
extreme heat (71 studies), drought (45 studies), extreme precipitation events (52 studies), and
flooding (34 studies), important themes such as air quality (10 studies), chemical water quality (8
studies) and natural disasters (8) have been understudied. Additionally, this scoping review
revealed a geographical gap in climate change and health studies, as only 24 out of 53 countries
in sub-Saharan Africa were represented. The key deficiencies identified include limited funding,
technological constraints, inadequate climate policies, and a lack of community-focused
adaptation plans. Moreover, this review highlights the urgent need for resilient healthcare
systems capable of addressing climate-related health risks effectively. Addressing these gaps is
essential for developing targeted strategies to mitigate climate change's health impacts and
increase resilience in SSA communities. This review aims to inform policymakers, researchers,
and stakeholders about critical areas requiring attention and investment by enhancing our
understanding of these challenges and gaps. Strengthening research capacities, fostering
collaboration, and implementing evidence-based policies are imperative steps toward achieving
sustainable health outcomes in the face of a changing climate in sub-Saharan Africa.
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75  Introduction
76  Climate change poses a significant and escalating threat to public health globally, with
77  particularly profound implications for vulnerable regions such as sub-Saharan Africa (SSA) and
78  other developing countries. Characterized by diverse climatic conditions and socioeconomic
79  challenges, SSA faces heightened susceptibility to the multifaceted impacts of climate change (1-
80 7). Extreme heatwaves, shifting precipitation patterns, increased flooding frequency and
81 intensity, and prolonged droughts directly influence health outcomes in the region (8—11). These
82  environmental shifts exacerbate existing health disparities and introduce new risks, impacting
83  the well-being of more than one billion people (12) in SSA.
84
85  Insub-Saharan Africa and other developing countries, the impact of climate change will be more
86  dire due to unaddressed structural and socioeconomic vulnerabilities, poor governance, and
87  inadequate supportive policies to address climate change and health issues. These unaddressed
88 issues have resulted in other challenges, including water insecurity, poor healthcare
89 infrastructure, a lag in research and training needed to address climate issues, and others (13—
90  15). For instance, in places with a high burden of diarrhea disease due to a lack of Water,
91  Sanitation, and Hygiene (WASH) services, climate change poses additional risks, as countries are
92  now facing more diarrhea diseases and, in some areas, cholera outbreaks, most of which are
93  attributed to climate change (2,16—20). Health conditions that are expected to be exacerbated in
94  addition to waterborne and water-related diseases include foodborne diseases, vectorborne
95 diseases, mental health, high morbidity and mortality due to heat stroke, malnutrition, and many
96  others associated with natural disasters. Some countries are already experiencing higher rates
97  than normal from malnutrition, diarrhea cholera, and vector-borne diseases such as dengue (21).
98 Inthese countries, we are already seeing overwhelmed healthcare systems that are not equipped
99  to address these public health challenges (14,22,23).
100
101  Although some African countries have developed plans for adaptation and mitigation strategies
102  as required by the UN (24), there is little evidence on whether and how these plans are
103  implemented. In addition, limited research has been conducted in SSA to guide country-specific
104  plans for adaptation and mitigation and other associated measures to address or reduce the
105  impact of climate change on health (25,26). Limited data is collected at the ground level to guide
106  some of these plans and interventions. Most plans and research approaches are based on
107  broader global perspectives (7,27—29). Given that SSA has unique challenges, research to guide
108  adaptation, mitigation, and resilience efforts must be unique and specific to the region, if not
109  country-specific. Given these challenges, SSA needs to scale up research, education, climate
110  change financing, and policy — all collectively, to move forward toward sustainable solutions for
111  long-term climate change resilience. Most importantly, there is a need to set a road map for
112 priorities to guide efforts, focusing on addressing challenges specific to the region.
113
114  Tounderstand the research that has been conducted to guide some of these efforts, this scoping
115  review was conducted to examine current research on climate change and health impacts, policy,
116  and to identify existing gaps in research and the need for policy-making to guide interventions to
117  improve public health, climate change resilience in Africa. This scoping review aims to improve
118  our understanding of where SSA is conducting research to generate specific data to address the
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119  complex challenges related to health outcomes due to climate change. The specific research
120  questions guiding this review are as follows:

121

122 1. What are the geographic and thematic gaps in SSA’s climate change and health research,
123 and how do these gaps affect our understanding of the region's climate-induced health
124 outcomes and vulnerabilities?

125 2. How do extreme weather events, such as heatwaves, droughts, and floods, interact with
126 social determinants of health to influence health vulnerabilities and outcomes?

127 3. What practical solutions and community-based adaptation strategies can be developed
128 and implemented to address air quality, water quality, and extreme heat, enhancing
129 resilience and mitigating health impacts ?

130 4. How are climate change and health studies funded?

131

132 Methods

133 A scoping review was conducted on PubMed, Embase, Web of Science and Scopus using the
134 keywords “climate change,” “health,” and “sub-Saharan Africa” and imported to Covidence (30)
135  tostreamline and facilitate the review. The Covidence software follows the PRISMA approach for
136  scoping review (Figure 1). Climate change impacts relevant to sub-Saharan Africa include
137  extreme heat, food security, microbial and chemical water quality, flooding, and drought. A total
138  of 7851 journal articles were identified using the keywords and inclusion criteria. No white
139  papers, gray literature, review papers, or other sources were included. Papers were included if
140  they (a) addressed the conceptualization of climate change in sub-Saharan Africa, (b) explored
141  the impacts of climate change on health outcomes, (c) focused on relevant climate change
142  impacts, including water quality, flooding, and drought and other health outcomes (d) were
143  published between January 1, 2001, and August 1, 2024, and (d) were written in English. On the
144  other hand, papers were excluded if they were not from the sub-Saharan Africa region or if they
145  mentioned climate change impacts not relevant to the African context (e.g., changes in snowmelt
146  or wildfires). Of the 7851 identified studies, 921 were duplicates, and 6628 were excluded
147  because they did not meet the inclusion criteria. A total of 302 studies were screened for
148  eligibility. Of the 302 studies, 149 were excluded; 53 were reviews, 2 were animal health
149  research, 44 were malaria research, 23 were opinion pieces and correspondences, and 27 studies
150 had the wrong geographical settings, study design or outcomes. In total, 153 studies were
151 included for review (Figure 1). The screening of studies was conducted by two people, to
152  minimize biases resulting from a single reviewer.

153

154  Theincluded articles were thematically grouped to explore the various impacts of climate change
155 in sub-Saharan Africa identified in the literature. Additionally, the literature was examined to
156 identify the health outcomes associated with these impacts of climate change. The studies were
157  further categorized thematically into the following groups: highlighting research needs,
158  informing science, providing solutions and knowledge to combat climate impacts, highlighting
159  policy needs, and identifying resource needs. Additionally, countries, where previous climate
160  change and health studies were conducted, were visualized on a heatmap, providing insight into
161  which countries have been studied extensively and where significant gaps in information exist.
162  These thematic groupings enabled a comprehensive understanding of how climate change
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163  affects the region and its inhabitants. By categorizing the literature in this way, we could pinpoint
164  specific gaps in research and policy that need to be addressed. The map further highlighted
165 underresearched regions, emphasizing the need for more focused studies in those areas.
166  Furthermore, the analysis helped to identify practical solutions and resources that can be
167  mobilized to mitigate the adverse effects of climate change on health outcomes in sub-Saharan
168  Africa. This approach ensures that the findings contribute to academic knowledge and provide
169  actionable insights for policymakers, researchers, and practitioners working to combat climate
170  change and its impacts on public health.

171
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225  Results

226  The majority of the studies published on climate change and health in sub-Saharan Africa
227  between 2001 and August 2024 focused on extreme heat (71 studies), drought (45 studies),
228  extreme precipitation events (52 studies) and flooding (34 studies). Additionally, a moderate
229  number of studies have focused on infectious diseases (24 studies) and microbial water quality
230 (23 studies). For almost 24 years, only 10 studies have been published on climate change and air
231  quality (7 studies), chemical water quality (8) and natural disasters (8) (Table 1).

232

233 Table 1. Climate Change Impacts in sub-Saharan Africa Identified by Past Studies

Climate Impact n Studies

Air Quality 10 (31-40)

Drought 45 (2,14,33,39,41-80)

Extreme Heat 71 (4,10,11,14,18,19,32,36,37,39,40,43,49,53,56,57,59-61,68—
70,73,77,78,81-126)

Extreme Precipitation 52 (4,14,18,19,34,36,37,39,40,43,45,48,53,56—

59,64,65,70,72,73,77,78,80,81,83,85,88,95,99,100,108—
110,112,114,117,121,122,124-135)

Flooding 34 (2,2,4,8,14,19,40,45,53,57-61,64,65,68—
71,73,77,80,83,87,88,98,99,121,126,130,136-139)

Microbial Water quality | 23 (20,40,92,112,126,128,129,131,138,140-154)

Infectious Diseases 23 (1,11,14,72,73,91,92,122,131,141,146,154-164)

Chemical Water quality | 8 (40,140,142,144,145,148,149,165)

Natural Disasters 8 (8,16,59,60,64,73,98,125)

234

235  Of the 153 publications reviewed, 20 of the publications discussed and highlighted research
236  needs, 58 studies informed science by providing insight into climate trends and impacts, and 15
237  studies highlighted policy; 43 publications discussed specific solutions and knowledge to help
238  mitigate the impact of climate change on health and resource needs. Additionally, eleven studies
239  explored multiple themes (Table 2).

240

241  Table 2. Research Categories and Number of Studies in Identified Categories from Previous
242 Studies in Sub-Saharan Africa

n References
Highlight research 20 (19,35,45,54,62,67—69,71,86,88,90,91,94-96,103,106,127,132)
needs
Informs science - 58 (1,4,8,11,33,37-
Provides insight for 39,43,51,56,60,70,72,74,75,79,98,99,102,104,105,108-116,119—-
climate trends and 122,124,129-131,133-136,139,146,148-150,152-154,158,162~
impacts 164,166,167)
Provides solution and 43 (16,31,40,40,42,44,46,50,58,61,63—
knowledge to combat 67,78,78,81,84,85,87,97,100,107,117,117,125,125,128,141—-
climate impacts 145,147,151,151,155,157,160,168-170)
Highlights policy needs | 15 (14,34,53,57,59,93,101,118,123,137,156,159,171)
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Highlights resources 6 (41,55,77,83,126,172)
needs

Multiple Categories in a single study

Highlight research 31(32,92,161)

needs; Highlights policy

needs

Highlights policy needs: | 1 | (20)
Highlights resources
needs

Informs science - 2 | (48,80)
Provides insight for
climate trends and
impacts; Highlights
resources needs
Informs science - 2 | (73,76)
Provides insight for
climate trends and
impacts; Highlights
policy

Provides solution and 11(2)
knowledge to combat
climate impacts;
Highlights policy needs
Provides solution and 1| (140)
knowledge to combat
climate impacts;
Highlights policy needs;
Highlights resources
needs

Provides solution and 1|(36,47)
knowledge to combat
climate impacts;
Informs the state of
climate science in Africa

243

244 With a particular focus on climate change and health, previous studies have focused on different
245  health outcomes associated with a changing climate. Some of the major health outcomes
246  included water, sanitation and hygiene issues (n=57), food security and malnutrition (n=40),
247  physical illness (n=32) and health risks associated with pathogens (n=26). The remaining 53
248  articles highlighted the impact of climate change on health, specifically on health issues such as
249  loss of livelihood due to natural disasters, climate induced displacement, mental health, gender-
250  based violence, HIV and death (Table 3).

251
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252 Table 3. Climate Change and Health Issues in sub-Saharan Africa Identified by Past Studies

Climate Change n | Studies
Impact
WASH issues 57 | (1,2,11,14,16,18-

20,33,37,39,42,43,53,54,61,65,68,83,87,97,112,117,122,124,125,127~-
132,138,140,142-147,149,151,152,154,161,167,170)

Food 40 | (4,11,14,32,33,40,41,44,46-48,50-53,55-58,61,62,65-68,70—

5ecurity/|\/|a|nutrition 72,77,79,83,91,106,134,142,145,150,166,168,172)

Loss of livelihood 8 (45,46,63,69,78,83,136,166)

Death 15 | (10,35,81,88,89,91,93,94,102,103,111,113,115,119,123)

Other pathogens 26 | (14,32,37,53,62,65,68,83,85,87,91,92,109,110,114,121,128,130,133,145-
147,153,156,164)

Physical illnesses 32 | (1,11,33,38,39,42,49,78,84-87,89,99,101,103-
105,107,108,116,123,125,130,137,142,145,156,163,166,173)

Climate-induced 6 | (55,57,59,62,64,73)

displacement
Mental health (not 13 | (11,14,32,41,45,55,60,87,98,137,139,142,166)
limited to anxiety
and depression)

Social determinant of | 7 (8,45,83,118,120,136,142)
health (including but
not limited to social

identity, attachment
to place, safety, well-

being)

Gender-based 2 (8,57)
violence

HIV/Aids 2 | (76,99)

253

254 This scoping review also examined specific countries in sub-Saharan Africa where climate change
255  and health research originated. The findings were visualized on a map of Africa, with color coding
256  from 4 to 24 studies, where a dark hue represents countries with more research and a lighter hue
257  indicates countries with fewer studies (Figure 2). Countries shown in gray represent those with
258  no published studies on climate change and health between 2001 and August 2024 that fit our
259  criteria. The map shows that most of the studies were conducted in South and East Africa, with
260  South Africa and Kenya having 24 and 22 published studies, respectively, followed by Ghana (14),
261  Tanzania (10), and Burkina Faso (9). Twenty-six studies included in this study were large scale
262  studies conducted across multiple SSA countries. Only 24 out of 53 countries in sub-Saharan
263  Africa have published studies on climate change and health over the past 24 years and 15
264  countries had less than 5 published studies on climate change and human health (Supplemental
265 Table 1).

266

267

268
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269
270

271  Figure 2. Map showing Number of Climate Change and Health Studies From Countries in sub-
272  Saharan Africa Since 2001

273

274  Research funding sources were also a focus of this study. Of the studies considered, 45% (n= 69)
275  were funded by external grants, while 55% (n=83) were self-funded by researchers, declared as
276  “no external funding” in research publication (Figure 3). Of the 45% (n= 69) of the research
277  funded by external grants, 88.4% (n=61) were grants provided by international agencies across
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278  North America, Europe and Asia, including but not limited to DAAD, the Wellcome Trust, the
279  Taiwan Ministry of Science and Technology Grant, the World Health Organization, the United
280  States National Science Foundation, the Public Health Agency of Canada, the National Institutes
281 of Health, the Rockefeller Foundation, the International Climate Change Information and
282  Research Programme and Commonwealth. Funding was also provided by universities in the
283  Global North, such as the University of Guelph. Only seven studies (11.6%) were funded through
284  local funding provided by government agencies of sub-Saharan countries; four of those were
285  provided by the South African Medical Research Council, one was a grant from Fundo Nacional de
286  Investigacdo (FNI) in Mozambique, one was a grant from the Ethiopian Institute of Water
287  Resources and one from the African Climate Change Fellowship Program (ACCFP).

288

289
290
External funding
provided (n=69)
45% No external
funding (n=84)
55%
2901
292 Figure 3. How are climate studies funded in sub-Saharan Africa?
293

294  Additionally, this study explored the impact of climate change on vulnerability and the health of
295  vulnerable groups (Supplemental Figure 1). Among the studies reviewed, 38 did not consider
296  vulnerability in their research. Of those who did, 29 focused exclusively on children, while 19
297  addressed children along with other vulnerable groups, such as elderly individuals, pregnant
298  women, disabled individuals, low-income groups, and immunocompromised individuals. Two
299  studies exclusively focused on immunocompromised groups, nine studies specifically examined
300 gendered vulnerabilities, with eight focusing on women and one on men. Three studies
301 investigated the impacts of climate change on the elderly population, and an additional two
302 investigated the effects on impoverished populations. Three studies focused on pregnant women
303  and two studies focused on mining workers. Finally, one study examined the impacts of climate
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304 change on the health of internally displaced populations and on local and indigenous
305 communities.

306

307  This research also explored the various adaptation strategies proposed to mitigate climate
308 change impacts on SSA, as suggested by the authors of the included studies. Thirty-seven studies
309  (24%) had no proposed adaptation strategies. Adaptation strategies were grouped into themes
310 including technology gaps, policy modifications, community-focused adaptation plans, climate
311 preparedness programs and the need for funding. The majority of studies proposed a
312  community-focused adaptation plan and the inclusion of local context in climate intervention
313 (n=37, 24%) as the most effective adaptation strategy to help residents of SSA minimize the
314  impacts of climate change. Improved technology was the second highest proposed adaptation
315  strategy suggested by the studies reviewed (n=32, 21%), and the authors proposed technological
316 improvements such as early warning systems, remote sensing, robust meteorological
317  technologies, water treatment systems, vaccination, disease surveillance systems, energy-saving
318 air conditioning, and climate-smart agricultural technologies. A total of 16% (n=25) of the studies
319 discussed inadequate local funding as a significant barrier to climate change adaptation and
320 proposed an increased budget for climate-related concerns. Similarly, an additional 16% (n=25)
321 of the studies highlighted the need for climate preparedness programs among citizens,
322  government officials and health workers. Finally, 13% (n=20) of the studies further describe policy
323  modification, specifically suggesting holistic and concerted efforts by individuals, multiple
324  government agencies working together and donor agencies in the fight against climate change
325  and resulting health impacts.

326

327  Discussion

328

329  The impact of climate change is already apparent in SSA, as the research reviewed in this study
330 indicates that regions is already being affected by drought (33,47,63,91), extreme heat
331 (9,84,88,90,94,166) and microbial and chemical water quality issues, leading to infectious
332  diseases such as cholera and diarrhea outbreaks as a result of compounding climate extremes on
333  water access and quality (9,16,87,138,143,149,174). Additionally, there have been reports of
334  natural disasters, such as floods (8,68,137,149) and cyclones (16), all contributing to negative
335  health outcomes in addition to economic costs.

336

337 The intensified climate events on the continent are leading to several physical, mental and
338 emotional health impacts. Most of the studies in this review focused on WASH issues, food
339  security, physical illnesses such as heat exhaustion, and pathogen infections such as cholera and
340  malnutrition. However, the social, emotional and mental aspects of climate change have been
341 relatively understudied. Loss of livelihood due to the impact of floods, extreme temperature and
342 drought on agricultural, resource-based occupation and outdoor informal economies has been
343  reported in a few studies in the sub-Saharan African context (83,136). Loss of livelihood is often
344  intertwined with disrupted community ties, loss of identity, climate-induced displacement,
345 climate anxiety, depression and gender-based violence (55,57,59,83,166). Therefore, climate
346  changeis leading to cascading outcomes affecting all aspects of health and wellness in the region.
347
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348  There is an urgent need for accelerated climate change research in Africa, home to more than 1
349  billion people and experiencing rapid population growth. Despite the critical need for solutions,
350  only 43 of the publications reviewed in this study discussed specific strategies and knowledge to
351 mitigate the impact of climate change on health. These publications included contributions to
352  new research, evaluations of existing mitigation efforts, and insights into issues unique to the
353  continent, such as lack of access to basic services and nutrition. Several studies have provided
354  specific mitigations, considerations, and recommendations. For example, a study in Ethiopia
355 examined childhood diarrhea, finding a high incidence at the beginning of dry seasons (43). Other
356  studies have addressed climate-specific issues such as extreme temperatures, precipitation, and
357  mortality and proposed mitigation steps to reduce hospital admissions, morbidity, and mortality
358 (81,84,85), including within-hospital settings. The challenges related to water, sanitation, and
359  hygiene (WASH) were also highlighted, with some studies identifying opportunities for
360 integrating climate adaptation into WASH development planning (2). The findings and
361 recommendations from these studies could be implemented in other regions facing similar
362 challenges. Research on water burdens and gender inequalities has emphasized specific
363  strategies for reducing these disparities (42). Overall, these studies offer valuable insights and
364 recommendations that are specific to the region, that can be applied to mitigate the impact of
365 climate change on health across SSA.

366

367 This review revealed existing gaps and opportunities in climate research in SSA. First, geographic
368  disparities exist, with some countries being more studied than others. This disparity can lead to
369 an incomplete understanding of what is needed for the continent or country-specific
370 interventions. Even in countries where research has been conducted, authors have
371 acknowledged the need for more primary climate data to promote data-driven decision-making.
372  (14,71,171). Expanding research efforts to include understudied countries can provide a more
373  comprehensive understanding of climate change and health impact across SSA, ensuring that
374  attention is given to those most impacted by climate change and the opportunity to learn from
375 each other.

376  Some considerations need to be considered when discussing climate change solutions for SSA.
377  For instance, we need to integrate and discuss social determinants of health as we think of
378  climate change and health. Only five studies highlighted or discussed the associations between
379  health, social determinants of health, and climate change (8,45,83,136,142). However, it is well
380  understood that the work a person does, where people live, their educational level, and income
381 level all play a role in determining health (175). More research is needed to account for climate
382  change as a determinant of health, especially since developing countries will be impacted the
383  most. Additionally, there are only a few studies on how climate change leads to gender-based
384  violence. However, relationships between climate change, loss of livelihood, feelings of
385  emasculation and gender-based violence have been reported in sub-Saharan Africa (8,57). Many
386  studies have not adequately considered the vulnerability of different population groups with an
387 intersectional lens. Although a good number of studies mentioned vulnerable groups such as
388 children, pregnant women and elderly people, most of the reviewed papers mentioned only
389  vulnerability in passing, and 38 studies did not consider vulnerability at all in their research. More
390 comprehensive research is needed to focus on community heterogeneity and intersectionality
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391 among the most affected groups. Therefore, while the physical impact of climate change has
392  been relatively well studied in certain countries of sub-Saharan Africa, there is a need for more
393  research on the interconnections between climate change and socioeconomic wellness
394  indicators.

395

396  Further, while some climate themes have been extensively studied, others have been less studied
397  and require further attention in sub-Saharan Africa. Of the 302 published articles assessed for
398 eligibility, 44 were specific to malaria research. This was one of the largest groups for research,
399  followed by WASH (57). Rightfully, malaria research has been ongoing for a long time and is well-
400 established (176). However, there is a lack of research in other areas of climate change and
401 health, such as extreme heat, natural disasters, and air pollution. For instance, only 10 studies
402  highlighted research related to air pollution (31-37) and two specifically related to climate
403  change and cardiovascular diseases (34,42). This is a significant finding, mainly since the Lancet
404  Global Burden of Disease (2016) reported that 33% of the global burden of stroke is attributed
405  to environmental factors such as air pollution and lead exposure (177). This study also revealed
406  that air pollution has emerged as a significant contributor to the global burden of stroke in low-
407  and middle-income countries (LMIC) (177). Climate change is expected to increase drought and
408  air pollution in some regions of the world, including SSA (21). Despite this significance, research
409 inthis area is almost nonexistent and requires urgent attention.

410

411 A few other studies offer concrete pathways and recommendations on what countries need to
412  focus on and prioritize to reduce the impact of climate change. Technological advancement was
413  one of the most common emerging themes from the included studies, although implementing
414  the suggested technologies might be far-fetched in SSA landscapes. For example, in areas where
415 infectious diseases are a concern, authors recommend focusing on early warning signs, disease
416  forecasting, and climate disaster mitigation (14,71) to strengthen public health systems to cope
417  with and reduce climate change impacts. However, it is difficult in developing countries to focus
418 on early warning systems or disease forecasting when basic solutions for preventing diseases,
419  such as access to safe and clean water or sanitation, are still lacking.

420

421 For instance, without the additional burden of intensified climate impacts, current water and
422  sanitation infrastructure or healthcare infrastructure is inadequate to protect public health
423 (2,17,19,127,143). Some countries are already experiencing preventable waterborne diseases
424  that could be addressed by having adequate water and sanitation infrastructure. Some examples
425 include the cholera outbreak in Tanzania in 2023, ongoing in 2024, and another in June 2024 in
426  Nigeria (16,18,178-180), both attributed to climate change. In addition, lack of technologies and
427  inadequate electricity coverage create barriers to implementing other simple solutions to combat
428  extreme heat conditions (166) and a lack of improved agricultural technologies to combat food
429  insecurity(4). For example, irrigation systems are creating vulnerabilities further intensified by
430  climate change. The continent must catch up to address current poor living conditions and, at
431  the same time, accelerate the research needed to move to the 21 century to address climate
432  change issues.

433
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434  In tandem with inadequate climate policies, a lack of funding was also identified as limiting
435  climate change research progress in SSA. In the present study, more than half of the studies
436  reviewed were self-funded by researchers. The large amount of self-funded research highlights
437  the financial constraints researchers face, which can limit the scope, scale, and depth of their
438  studies, ultimately hindering the development of comprehensive climate change mitigation and
439  adaptation strategies. Additionally, only seven of the 153 selected studies were funded by local
440  governmental agencies, revealing a much deeper systemic issue about the perceived relevance
441  of climate change impacts in this region. Therefore, there is an urgent need for increased
442  investments in climate research (2,19,20,41,65,67,83). Funding climate research will help inform
443  climate decision-making and policies (71). There is also a lack of climate consideration in
444  government policies (2). To ensure that climate investment and increased funding reap the
445  maximum benefits, there is a need for multiagency collaboration between government agencies
446  toinform policies that achieve economic, environmental, social and health justice (45,173). Local
447  residents and external donor agencies should also be included in climate strategizing to ensure
448  maximum benefits (99). Addressing these limitations through enhanced funding, comprehensive
449  policies, and inclusive collaboration will be pivotal for effectively mitigating the impacts of
450  climate change in SSA.

451  Even with limited resources, countries can strategize and prioritize actions towards climate
452  change. One thing is evident: the issue is not a lack of understanding of the urgency to address
453  climate change. Studies evaluating climate change perception in various African countries have
454  shown that most of the population is familiar with climate change and have experienced it to
455  some exten(14,59,63,64,67,181). However, there is insufficient data due to technological and
456  resource limitations to provide tailored interventions at the community and national, and lack of
457  national policies. For instance, in Zimbabwe, following the devastation caused by Cyclone Ida,
458  natural disasters exposed another problem—food insecurity. A study of 19 health facilities
459  conducted after Cyclone Ida revealed that 94% of the facilities were not equipped to address
460  malnutrition, either due to lack of proper training, inadequate staffing, or failure to follow proper
461  protocols(66). With climate change, areas with limited resources will be most affected, and there
462 is a need for adequate systems to address climate change and health issues. Therefore,
463  community-focused adaptation plans are necessary, taking into account the strengths and
464  vulnerabilities of individual communities and countries. These details can only be revealed
465  through community-level or national research, which is often obscured by large-resolution,
466  aggregated datasets produced by major development agencies.

467

468 There is also a dire need to build capacity for health sector personnel through climate
469  preparedness programs that integrate climate resilience into public health systems. Educational
470  and research institutions can offer expertise in addressing regional or national climate change
471  solutions. These programs should focus on enhancing the ability of healthcare infrastructure to
472  withstand climate-related events and training healthcare professionals to respond effectively to
473  climate-induced health issues (6,21,53,64,130,150,182). Additionally, community-based
474  interventions are essential for educating and empowering local populations on climate-related
475  health risks and adaptive practices. Incorporating climate education in formal and informal places
476  of learning in communities, has shown to increase ability to identify vulnerability and build
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477  adaptive capacity (53,60). These climate education programs may include utilizing traditional
478  knowledge to inform strategies to reduce individual- and community-level vulnerabilities,
479  improve infrastructure, create multiple climate-resilient income streams, and address the
480 intersectional vulnerabilities that climate change exposes (60). Due to the large population of
481 young people in Africa, strategies targeting young people are paramount (59). Educational
482  programs may also target improved monitoring and surveillance systems (14,171) to fill the data
483  gap and improve data-driven decision-making. These efforts will ensure that public health
484  systems are resilient, adaptive, and equipped to protect the well-being of all individuals,
485  especially the most vulnerable populations.

486

487  Conclusion and Recommendations

488  The scoping review of climate change and health research in sub-Saharan Africa from 2001 to
489  August 2024 reveals significant gaps and opportunities. Despite increasing recognition of climate
490 change impacts, the region remains underresearched, especially in areas beyond extreme heat,
491  drought, precipitation events, air quality, and flooding. This has left substantial gaps in
492  understanding the full spectrum of climate-induced health outcomes and the intersectional
493  vulnerabilities that various populations face. The reviewed studies predominantly originated
494  from South and East Africa, with South Africa, Kenya, and Ghana being the relatively most studied
495  countries. This leaves many nations with little to no climate health research, highlighting the
496  urgent need for more geographically diverse studies to develop a comprehensive understanding
497  of climate impacts in specific countries across the region. The limited funding and support for
498  climate change research in sub-Saharan Africa, with a significant reliance on self-funded studies,
499  further exacerbates these challenges. Increased investment from both international and local
500 sources is essential to support robust research initiatives. Additionally, the insufficient focus on
501 thesocial determinants of health and the mental, emotional, and social aspects of climate change
502  calls for a broader research agenda that integrates these critical dimensions.

503

504  Among other recommendations, and in terms of competing resources and disasters, SSA needs
505  tohave aclear map and priorities to build climate change resilience. There is a need to 1) conduct
506 research that is relevant to the continent to provide long-term solutions to address climate
507  changes, especially in water, air, and extreme heat; 2) accelerate building robust water and
508  energy infrastructure to bring the continent to the 215t century to help build climate change
509  resilience; 3) build resilient health systems and implement training programs for healthcare
510  professionals; 4) accelerate knowledge by building capacity and greening higher education to
511 produce leaders capable of understanding and providing solutions that are specific to their
512  regions; and 5) increase funding from both international donors and local governments to
513  support comprehensive climate and health research. Investments should focus on
514  underresearched countries and diverse climate health topics to ensure a holistic understanding
515  of climate impacts across the region; 6) community-based adaptation strategies should be
516  promoted, incorporating local knowledge and contexts to enhance resilience and adaptive
517  capacity at the grassroots level; and 7) a focus should be placed on vulnerable populations to
518 ensure that the specific needs and vulnerabilities of these groups are addressed; and 8)
519  monitoring and surveillance systems should be improved through investments in technological
520  advancements.
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521

522 In the short term, climate change needs to be framed as a threat to health and economic
523  development for the continent and, therefore, integrated into health policy and planning, and
524  other economic planning and budgets to facilitate funding for climate change actions.
525  Collaboration between governments, research institutions, and international agencies is
526  necessary to foster holistic policies addressing environmental, social, and health justice.
527  Enhancing the capacity of educational and research institutions to address regional and national
528 climate change solutions is crucial for equipping future generations to address climate
529  challenges. Research that addresses practical solutions for air quality, water quality, and extreme
530  heat should be prioritized, as these areas are critical for mitigating health impacts and improving
531  overall resilience to climate change.
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1271  Appendices

1272  Tables
1273  Table 1. Number of Studies on Climate Change and Health by Country in Sub-Saharan Africa
Country n | Studies
Burkina Faso |9 | (67,68,81,88,95,121,134,157,166)
Botswana 4 |(1,138)
Kenya 22 | (8,38,45,46,48,53,80,97,98,104,108,109,112,140,142,147,150,153,156,160,163,172)
South Africa | 24 | (4,10,14,18,32,34,36,37,40,65,84,93,94,107,110,111,115,124,139,143,148,163,167,170)
Mozambique | 2 | (16,129)
Tanzania 10 | (20,35,60,100,103,109,116,128,152,159)
Uganda 9 |(33,42,47,70,83,85,109,116,118)
Ghana 14 | (2,49,59,72,87,90,92,101,102,123,136,137,141,173)
Nigeria 5 1(39,77,117,130,151)
Cameroon 1 |(131)
Zimbabwe 6 |(66,69,96,113,125,158)
Ethiopia 6 |(43,51,62,79,149,169)
DR Congo 3 |(99,126,164)
Gambia 3 |(50,86,105)
Eswatini 1 | (44)
Zambia 2 | (63,154)
Madagascar |1 | (61)
Togo 1 |(31)
Central 1 |(89)
Africa
Sudan 1 |(114)
Senegal 2 |(132,135)
Lesotho 1 |(76)
Malawi 1 | (74)
Rwanda 1 |(78)
Study across | 26 | (11,19,52,55,56,58,73,75,82,89,91,106,119,120,127,133,144-146,155,161,162,168,171)
multiple
countries in
SSA
1274
1275
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