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			Temperature extremes vary across Africa. A continent-wide examination of the impacts of heat on health in Africa, and a synthesis of Africa-informed evidence is, however, lacking. A systematic review of articles published in peer-reviewed journals between January 1992 and April 2019 was conducted. To be eligible, articles had to be Africa-specific, in English, and focused on how heatwaves and high ambient temperatures affect morbidity and mortality. A secondary systematic analysis on policies and interventions comprising 17 studies was also conducted, and the findings synthesised together with those of the 20 primary studies. Eleven studies showed that high ambient temperatures and heat waves are linked with increased mortality rates in Africa. These linkages are characterised by complex, linear and non-linear (J or U) relationships. Eight of the nine primary studies of morbidity outcome reported that an increase in temperature was accompanied by raised disease incidence. Children and the elderly were the population groups most vulnerable to extreme heat exposure. Location-specific interventions and policy suggestions include developing early warning systems, creating heat-health plans, changing housing conditions and implementing heat-health awareness campaigns. In summary, this review demonstrates that, while heat-health relationships in Africa are complex, extreme temperatures are associated with high mortality and morbidity, especially amongst vulnerable populations. As temperatures increase across Africa, there is an urgent need to develop heat-health plans and implement interventions. Future studies must document intervention effectiveness and quantify the costs of action and inaction on extreme heat-related mortality and morbidity. 

			Significance:

			•Empirical evidence shows that the relationship between heat and human health is complex in the African context. This complexity has implications for the development of interventions and policies for heat-health on the continent. 

			•This review is important for African policymakers, practitioners and others who support Africa’s adaptation to climate change. Through this review, a compendium of Africa-specific and relevant empirical information is aggregated and made readily available to various interested and affected parties.
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			Introduction

			Heatwaves and high ambient temperatures affect human health.1,2 Biological, environmental, medical, socio-behavioural and geographical factors influence how extreme heat exposure affects morbidity and mortality.3 The sub-groups most vulnerable to extreme temperatures include infants, the elderly, persons living with disabilities, persons on chronic medications, pregnant persons and outdoor workers.4-8 Extreme heat-related diseases and deaths disproportionately affect the poor.9 

			Studies set in Africa which provide continent-specific insights on the effects and association between extreme temperatures on health are essential for planning actions to increase resilience, as well as programmes and policies for heat-health adaptation and mitigation.10 The majority of studies on the relationship between extreme heat exposure, and morbidity and mortality have been carried out in high-income countries.11-13 There are thus major gaps in knowledge about the effects of heatwaves on health outcomes among different sub-groups in low- and middle-income countries.11,14-17 The few existing studies that address this topic in Africa largely focus on other continents and include selected African countries usually as an add-on. For example, Campbell et al.18 undertook a review of global evidence which included no studies on Africa but generalised the conclusion from other continents to Africa. Green et al.13 found few studies on Africa relative to other continents and observed that there are more studies on cities such as Brisbane and Phoenix than there are on cities in Africa. 

			To date, review studies examining Africa-wide effects and association between extreme heat events and high ambient temperatures on morbidity and mortality are lacking. Yet, observed climate trends show considerable increases in near surface temperatures over most parts of Africa in the past 50 to 100 years, with minimum temperatures warming rapidly relative to maximum temperatures.19 In addition, future climate projections show that temperatures in Africa will rise much faster than the global average.9 

			The main objectives of this article were thus to provide an Africa-wide systematic review of evidence on the effects and association between heatwaves and high ambient temperatures on morbidity and mortality, to summarise the population groups most vulnerable to extreme heat exposure, and to explore the suggested heat-health interventions and policies to protect people on the African continent. 
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			Methods

			Scope of review

			We conducted a systematic review of published peer-reviewed literature on the effects of extreme heat events and high ambient temperatures on morbidity and mortality in Africa. An adapted, realist review method was used. A realist review or synthesis broadly falls under systematic reviews. It takes a systematic approach to reviewing and synthesising available evidence.20 A realist review attempts to provide answers to complex issues21 by seeking detailed explanations of the issues22. It aims to provide practice and policy relevant evidence through a determination of what works in what circumstances, and for which particular persons, and why or how it works. It includes qualitative critical analyses which provide for depth rather than breadth.23 

			While the general principles of systematic reviews include ‘the need for clear question(s), the need for transparency of methods and the use of wide-ranging, comprehensive searches to reduce the effects of publication bias’24, a realist review encompasses tighter inclusion and exclusion criteria, and a smaller number of articles relative to other approaches25. A realist review is applicable for ‘complex interventions where evidence of effect may be lacking’26.

			Rather than applying all the core features of the realist review method in their entirety, here we used an adapted realist synthesis. We retained the core features of a realist review, including developing a set of guiding questions and strict inclusion and exclusion criteria as well as conducting a wide-ranging and comprehensive search to minimise bias. However, instead of responding to the question of what works, our adapted realist review mainly responds to questions of effect and association between heat and heatwaves and human health. 

			Our adaptation of the realist review method is in agreement with Petticrew24 who argues that systematic reviews should evolve from answering simple questions to respond to complex phenomena. We further undertook a secondary analysis of published data with less strict inclusion and exclusion criteria to examine policy and practice suggestions – something uncommon in realist synthesis. We considered the adapted realist review method most suitable to explore the complex subject of extreme heat-health relationships in data-scarce African settings. 

			In line with the adapted realist method, the following four background questions guided the review process: (1) What is the association between heatwaves and high ambient temperatures and morbidity and mortality in Africa? (2) What are the effects of extreme heat events and high ambient temperatures on specific population groups in Africa? (3) What are the suggested interventions to reduce morbidity and mortality from heatwaves and high ambient temperatures in Africa? Finally, (4) what are the policy propositions suggested to deal with heatwaves and high ambient temperature related morbidity and mortality? This study was approved by the Human Research Ethics Committee (Non-Medical) of the University of the Witwatersrand (protocol number H18/11/18). Although this review addresses heat exposure and human morbidity and mortality, we are not diminishing the major importance of heat impacts on morbidity and mortality in other animals and plants, which warrant equal attention. 
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			Search strategy 

			Africa-focused, peer-reviewed studies published between 1 January 1992 and 30 April 2019 were reviewed. Reviewed studies focused on the effects and association between heatwaves and high ambient temperatures on morbidity and mortality in Africa. The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were followed.27 A topic search using the ‘advanced search’ option was performed within the Web of Knowledge, Scopus and PubMed electronic databases and applied the following phrases: Extreme heat events and mortality in Africa; Extreme heat events and morbidity in Africa; Heatwaves and mortality in Africa; Heatwaves and morbidity in Africa; High ambient temperatures and mortality in Africa; and High ambient temperatures and morbidity in Africa. 

			Eligibility criteria

			All article titles and abstracts arising from the literature search were manually screened based on the inclusion and exclusion criteria presented in Table 1. Where the article titles and abstracts proved inadequate to determine relevance or eligibility, the full-text article was retrieved and assessed. 
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			Table 1:	Inclusion and exclusion criteria for systematic literature review

			
				
					
					
				
				
					
							
							Inclusion criteria

						
							
							Exclusion criteria

						
					

					
							
							Articles published in English only

						
							
							Articles published in languages other than English

						
					

					
							
							Articles published from 1 January 1992 to 30 April 2019

						
							
							Articles published prior to 1992 and after 1 May 2019

						
					

					
							
							Peer-reviewed published articles with full-text access

						
							
							Meetings, comments, abstracts, and inaccessible full-text articles

						
					

					
							
							Articles whose focus was an African country, African countries or an 
African location

						
							
							Global studies (not focused on Africa)

						
					

					
							
							Articles whose main exposure of interest was extreme heat events (heatwaves) and high ambient temperatures

						
							
							Articles whose main exposure of interest was not heatwaves or high ambient temperatures

						
					

					
							
							Articles in which non-vector morbidity and mortality in human populations was analysed

						
							
							Articles on vector-caused human morbidity and mortality 

						
					

				
			

			We also reviewed the reference lists of the retrieved full-text articles. From these lists, relevant references aligned to the inclusion criteria not initially identified were extracted and added. We included both qualitative and quantitative studies. 
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			Data extraction

			The first author extracted data using a standardised data collection form. The variables for data extraction included inter alia: the country or location of study; year of study; study design; study setting; study aims; study population; study outcome measures; geographical and temperature units (lags, temperature units); and results and conclusion of the study. Emphasis was placed on estimates of association (i.e. relative risk, attributable risk or percentage increase in morbidity and mortality) and effects on study population, especially sub-groups (by gender, age, cause of death, among others) obtained from tables, text descriptions and any other supplementary materials. The co-authors moderated the data extraction, resolved any differences, and provided any additional publications not located by the first author. 

			Synthesis of results and risk of bias 

			We collated extracted data and reviewed it using thematic analysis. In order to stress important points, we provide a synthesis of key results of some individual studies. 

			Additional secondary analyses of published data

			We undertook an additional, secondary analysis encompassing global studies and Africa-specific studies that did not meet the review criteria, but where authors had suggested potential interventions and policies. For quality reasons, grey literature was excluded, and only peer-reviewed published literature was included in this additional policy-focused secondary analysis. For these studies, we outline the reported variables and summarise the interventions and policies suggested. While the studies did not meet all the study inclusion criteria, they nevertheless provided key insights (Supplementary table 1). The inclusion of the additional literature broadened the literature base from which we drew our findings. Supplementary table 1 shows the 17 reviewed articles included in the secondary analysis.
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			Results

			Study selection and study characteristics

			A flow diagram (Figure 1) shows the study selection informed by the inclusion and exclusion criteria. 

			[image: ]

			Figure 1:	Flow diagram of the study selection strategy.
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			The study characteristics and findings for the 20 primary studies that were included in the review are summarised in Supplementary table 2. Based on the United Nations geoscheme classification of African sub-regions, the largest number of primary studies were set in the Southern Africa region (n=7), made up of six studies in South Africa and one in Botswana. There were six studies in Eastern Africa, with two in Kenya, two in Tanzania and one each in Mozambique and Zambia. Five studies were set in Western Africa, with two in Burkina Faso, two in Ghana and one in Senegal. Only one study in Cameroon was done in the Central (Middle) Africa region. Most studies were published between 2016 and 2019 (inclusive). The years in which data were collected in the primary studies ranged from 1974 to 2015. 

			Most studies (n=15) applied time-series methodology. The primary studies covered rural and urban areas of Africa and were either location specific, multi-location or nationwide. Among the primary studies, 11 adjusted for both seasonality and lag effect, 3 adjusted for seasonality but not lag effect, 4 adjusted for lag effect and not seasonality, and 2 did not report whether they adjusted for seasonality or lag effect. Several studies estimated the relative risk of association between daily mean temperature and daily mortality using lag strata. 

			Temperature data, including data sources

			Diverse temperature measurements were used in the studies, including daily minimum and maximum temperatures, daily mean temperature, monthly mean temperature, and apparent air temperature (also called Tapp). Most studies (n=17) focused on high ambient temperature, with only three assessing extreme heat events (heatwaves). Most temperature data were gathered from in-country National Meteorological and Hydrological Services, including those affiliated to the World Meteorological Organization. The National Meteorological and Hydrological Services providing temperature data were located in the study area or in close proximity. Some studies supplemented or combined in-country temperature data with those from external sources such as the National Oceanic and Atmospheric Administration of the United States of America, South Africa’s Agriculture Research Council, the Climate Research Unit of the University of East Anglia, United Kingdom, and the Royal Netherlands Meteorological Institute’s Climate Explorer website. 

			Health outcome measures 

			Of the 20 primary studies, 10 focused on mortality, 9 on morbidity and 1 covered both outcomes. Studies of mortality outcomes reported on all-cause mortality, as well as disease-specific mortality such as cardiovascular mortality. Most studies with mortality as an outcome measure ascertained cause of death through verbal autopsy questionnaires. Studies of morbidity outcome examined cholera and Ebola virus outbreaks (n=3), diarrhoea (n=4), acute respiratory infections (n=1) and cardiovascular diseases (n=1), among others. 

			Population groups examined

			Most studies examined heat effects on specific age groups. The age categories were typically 0–4 years; 5–19 years; 20–49 years; 50–59 years and, 60 years and above. One study did not follow this age categorisation and its categories were from 40–64 years and then 65 years and above.28 Four studies included only children or adolescents aged ≤18 years.29-32 
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			Synthesis of key findings

			(1) Extreme heat exposure and morbidity and mortality in Africa

			Taking all the evidence together, it is clear that the association between extreme heat exposure and mortality in Africa is complex and varies considerably across settings (Supplementary table 2). Two studies found a linear association between high ambient temperatures and mortality.33,34 Three studies found a non-linear relationship.11,35,36 Three studies found a U-shaped relationship between heat exposure and mortality.11,33,37 One reported a J-shaped temperature–mortality association for all-ages mortality and a U-shape for under-five mortality.36 Most studies reported associations between temperature and all-cause mortality, but four described heat impacts on mortality related to non-communicable diseases such as cardiovascular disease. 

			Eight of the nine studies on temperature–morbidity relationships showed positive associations, that is, an increase in temperature resulted in an increased incidence of the conditions assessed. For example, a study reported that incidences of diarrhoea, respiratory infection, asthma, meningitis and malaria increased with an increase in temperature.30 Six studies reported that rates of diarrhoeal diseases increased at higher temperatures, including two studies on cholera. Studies of morbidity outcome commonly pointed out that increased minimum temperature affects the prevalence of diseases in Africa. One study on heat and Ebola virus outbreaks found an association with cold, but not hot temperatures. 

			(2) Effects on population sub-groups

			Most studies (n=11) whose outcome measure was mortality analysed the effects of extreme heat events and high ambient temperature on given population groups by age and gender (Supplementary table 2). The studies found that infants, children and young adolescents as well as the elderly (0–4 years; 5–12 years; 13–19 years and 50 years and above, respectively) were most vulnerable to deaths associated with exposure to extreme heat. In addition, higher mortality was found amongst male individuals than female individuals in one study assessing heat impacts on mortality from non-communicable diseases in Ghana. 

			Few studies of morbidity outcome analysed the effects of extreme heat events or high ambient temperature on population sub-groups. In one example, a study found increased incidences of diarrhoea, respiratory infections and malaria, particularly among male children compared to female children.30 Two studies observed increased ambient temperatures were linked with increased diarrhoeal incidence among children under five years.31,32 One study noted increased acute respiratory infections among children aged 18 years and younger.29 

			(3) Suggested interventions 

			Although we combined primary and secondary analysis results to elaborate the heat-health interventions focused on African localities, 21 out of the 37 studies explicitly offered Africa-appropriate suggestions, as shown in Table 2. 
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			Table 2:	Suggested interventions from reviewed literature

			
				
					
					
				
				
					
							
							Author/s (year)

						
							
							Summary of suggested intervention

						
					

				
				
					
							
							Amegah et al.42
(2016)

						
							
							It is necessary to invest in meteorological services and strengthen health information systems to guarantee timely, up-to-date, and reliable data. It is also important to characterise the groups vulnerable to heat and develop plans to strengthen resilience in these groups. Profiling of socio-economic differentials in the temperature-health relationships must inform preventative actions. 

						
					

					
							
							Dukić et al.38
(2012)

						
							
							Interventions aimed at reducing temperature, dust, smoke and carbon dioxide exposure or increasing relative humidity and ventilation via some household intervention mechanism may reduce the public health burden of meningitis outbreaks, especially during large outbreaks. 

						
					

					
							
							Trærup et al.39
(2011)

						
							
							There is need for health education to raise awareness of cholera in Tanzania. Furthermore, disease surveillance, early diagnosis and treatment are essential. It is necessary to implement programmes that improve access to clear water and sanitation. 

						
					

					
							
							Oloukoi et al.44
(2014)

						
							
							It is important to take urgent action to provide corrective and preventative adaptation measures to combat climate-health risks in Oke-Ogun region. Primary prevention interventions include providing access to safe drinking water, while secondary prevention entails strengthening disease surveillance programmes and early response to disease outbreaks. Supply of medical personnel and systematising improved hygiene behaviour at household level is important as both a preventative and corrective intervention. 

						
					

					
							
							McMichael et al.35
(2008) 

						
							
							It is essential to minimise unplanned rapid urban development because this has adverse effects on sanitation, air pollution and housing, which affect population vulnerability to extremes of heat exposure. It may be important to develop heat-health warning systems. 

						
					

					
							
							Grace et al.53
(2012)

						
							
							Considering that there is an association between malnutrition and water source, malnutrition and floor type and malnutrition and education in Kenya, it is important to invest in improved water delivery infrastructure to reduce malnutrition. Because climate change can increase child stunting rates, investments must be made to ensure all households have access to culturally relevant and nutritional food. 

						
					

					
							
							Bandyopadhyay et al.54 
(2012)

						
							
							To reduce diarrhoea, it is important to reduce water shortages, promote handwashing, and improve access to toilets and better health services, especially among poor households in Africa. Early warning systems that facilitate a preventative approach are important. It is also important to develop spatial disease maps that show the prevalence of diarrhoea by region and to identify areas where the risk of diarrhoea from water scarcity and elevated temperature is high. 

						
					

					
							
							Green et al.13
(2019)

						
							
							It is imperative to improve meteorological and health data, especially heat-health data systems by deploying low-cost sensors in low-income countries. Conditional cash transfers can be an intervention to reduce population vulnerability to heat exposure. Heatwave early warning systems must be developed. Research on actions that reduce mortality during heatwaves is essential. 

						
					

					
							
							MacVicar et al.15
(2017)

						
							
							In rural Uganda, it may be important to provide individuals in the third trimester of pregnancy with additional nutritional resources, especially during the dry season. It is also important to monitor changes in seasonal temperature and provide targeted nutritional interventions for those who are pregnant during the ‘hot’ season. 

						
					

					
							
							Azongo et al.11
(2012)

						
							
							Improve ventilation and sleeping arrangements during hot weather conditions. 

						
					

					
							
							Thompson et al.30
(2012) 

						
							
							Climate-health responses for children should happen at the family, community, local municipality, NGO and international agency levels. Awareness campaigns on health care of children must be emphasised. Children’s healthcare delivery must be improved. As poor health outcomes among children are related to poverty, job creation is important. Good environmental practices must be practices in communities including regular environmental sanitation. Environmental education programmes must be implemented, including those focusing on preventing wild veld fires. Tree planting campaigns must also be carried out in communities. Stakeholders, especially women and children, must be involved in child health programmes and awareness of climate change impacts raised in communities. 

						
					

					
							
							Alexander et al.55
(2013)

						
							
							Locally applied interventions that are sustainable must include socio-cultural considerations into public health planning. 

						
					

					
							
							Heunis et al.43
(1995)

						
							
							It is important to issue early warning weather forecasts to susceptible sectors of the population. 

						
					

					
							
							Tchidjou et al.29
(2010)

						
							
							The high frequency of hospitalisation from acute respiratory infections suggests that influenza vaccination campaigns should be implemented, considering the seasonality in Cameroon.

						
					

					
							
							Reyburn et al.41
(2011) 

						
							
							It is important to create an early warning system for cholera in Zanzibar because this will give public health authorities time to mobilise staff and equipment to respond to an outbreak. An early warning system can facilitate mass oral cholera vaccination. 

						
					

					
							
							Fernández et al.56 
(2009)

						
							
							A cholera early warning system is imperative for sub-Saharan Africa. 

						
					

					
							
							Ng et al.45
(2014) 

						
							
							Support in case detection and reporting on Ebola virus outbreak countries must be supported. Also, longitudinal serological and virological surveillance studies must be implemented to better understand Ebola virus transmission patterns. 

						
					

					
							
							Bunker et al.57
(2017)

						
							
							It is important to develop early preventive measures to curb heat-associated non-communicable disease deaths in Nouna, Burkina Faso. 

						
					

					
							
							Horn et al.40
(2018) 

						
							
							Increasing access to oral rehydration in local health centres and increasing education on appropriate use and handling of water and on sanitation practices can help reduce transmission of diarrhoeal pathogens and consequently the outbreaks of diarrhoea diseases in some areas in Mozambique. Furthermore, an early warning system for conditions that favour diarrhoea disease should be developed.

						
					

					
							
							Thiam et al.32
(2017)

						
							
							There is a need for effective preventive measures to reduce the high burden of diarrhoea in the health district of Mbour, Senegal. Health intervention programmes in the cold dry season and in the rainy season focusing on morbidity control and prevention should be launched, particularly in urban settings where diarrhoea is most common, to reduce the incidence of diarrhoea in this context of climatic variability.

						
					

					
							
							Scovronick and Armstrong14
(2012)

						
							
							Interventions must focus on redesigning human settlements in informal settlements. 

						
					

					
							
							Egondi et al.36
(2012)

						
							
							The fact that children and the elderly are susceptible to weather mortality signifies the need for weather-mortality efforts such as proper housing and clothing.

						
					

					
							
							Egondi et al.58
(2015)

						
							
							It is important to create better targeted awareness campaigns to reduce the health burden from temperature exposure.
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			Table 2 shows that a few studies suggested either preventative or treatment-related interventions at individual, household and community levels.30,32,38 Although most studies were location specific, most of the suggestions made were likely to be applicable to other similar localities. Several individual- and household-level preventative interventions were identified, such as increased educational campaigns aimed at raising awareness about the effects and association between extreme heat events and human health.29,30,39 Another example is seasonal forecast-based vaccination campaigns aimed at reducing hospital admissions from acute respiratory infection and reducing exposure to extreme temperature particularly among vulnerable groups such as young children and the elderly.11,29 

			Importantly, because there is a high mortality associated with meningitis during the dry season in the meningitis belt in Africa, the main suggestions were to redesign housing structures so that they have proper ventilation, to change sleeping arrangements as well as to reduce dust, smoke and carbon dioxide exposure.38 It is worth noting that better ventilation may not necessarily mean providing air conditioning in the African context but constructing structures with larger and well-positioned windows and doors, for example.14 In order to reduce smoke at household level, cooking stoves with better combustion properties were suggested.38

			A community-level preventative measure suggested was the proper allocation of resources, especially to guarantee that vulnerable persons are protected against the effects of extreme heat. This suggestion was focused on governments as well as other persons with authority to distribute resources in Africa. In fact, reviewed studies focusing on South Africa – where there are extensive informal settlements – generally pointed out that informal settlements must be replaced, and new heat-adapted housing structures should be developed.14 The same study pointed out that traditional, round thatch huts – especially in the rural areas of Africa – should also be modified for adaptation to extreme heat events and high ambient temperatures.14 

			Studies focused on diarrhoea and cholera incidences suggested the importance of strengthening household and community interventions for preventing weather-induced diarrhoea and cholera diseases in Africa.32,39-41 One study pointed out the potential benefits of conditional cash transfers to deal with vulnerability related to heat exposure12, while another alluded to the use of clothing suitable to hot climates36.

			Early warning system interventions were suggested several times, to ensure that the African populace is informed of impending extreme heat events before they occur.13,35,40-43 While being informed may not directly translate to action, early warning systems might enable the populations that will be affected by exposure to extreme heat to prepare in advance. This suggestion implicitly calls for the strengthening of climate information services for health on the continent. The few reviewed studies offering policy suggestions posited that better climate data are essential for better health-focused responses. Indeed, quality data from all relevant stakeholders and actors are essential for heat-health planning efforts required. Surveillance systems were suggested in several studies reviewed.39,44,45 
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			(4) Suggested policies

			Few studies proffered concrete policy suggestions useful for extreme heat-health policymaking in Africa. Only nine out of 37 studies gave some explicit policy suggestions, as shown in Table 3.

			Three of these studies implicitly pointed out the importance of developing heat-health plans in Africa.14,35,44 However, not much detail was provided on the content and implementation of such plans. The cautionary advice provided was, as Africa comprises widely diverse localities, developing a ‘one-size-fits-all’ heat plan could be ineffective. The findings of Scott et al.46 on urban heat islands in Nairobi were informative as they emphasised location-specific factors when assessing morbidity and mortality in Africa, particularly demonstrating that studies with large spatial coverage might not accurately illuminate the range of heat-morbidity and -mortality relationships. Rather, more localised heat plans should be an imperative. 

			Another key suggestion is for authorities to formulate policies that target vulnerable populations that would be affected by exposure to extreme temperatures.30 Heat plans must explicitly outline the different levels and categories of vulnerability in the communities they cover.35 Therefore, data that explicitly delineate vulnerable populations are essential for crafting an effective heat plan. 
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			Table 3:	Key policy suggestions from reviewed literature

			
				
					
					
				
				
					
							
							Author/s (year)

						
							
							Summary of key policy suggestion

						
					

					
							
							Amegah et al.42 

							(2016)

						
							
							Sub-Saharan African governments must take urgent steps to remove the bottlenecks to accessing institutional data for research. 

						
					

					
							
							Trærup et al.39 

							(2011)

						
							
							Integrated socio-economic, climate and health policies that facilitate provision of clean water and sanitation may reduce the costs of responding to outbreaks of cholera in Tanzania. 

						
					

					
							
							Oloukoi et al.44

							(2014)

						
							
							Considering that local populations of Oke-Ogun region of Nigeria use indigenous therapy encompassing use of herbs and ash for residential vaccination against measles in particular, the incorporation of indigenous knowledge into climate change policies may lead to creation of effective adaptation strategies that are cost effective, participatory and sustainable. Policies that promote integration of health outcomes into development policies, especially focusing on prevention of ill-health are imperative. Policies that promote involvement of various stakeholders and facilitate information sharing on the health impacts of climate change are necessary for Nigeria and Africa. 

						
					

					
							
							McMichael 
et al.35 

							(2008)

						
							
							Effective preventive or adaptive policies based on an understanding of demographic, social and ecological determinants, and sensitivities of the response pattern of the population of concern are important.

						
					

					
							
							Bandyopadhyay et al.54

							(2012)

						
							
							Policies that improve nutritional status, sanitation, and parental education and provide better access to health services are important to safeguard against diarrhoea. 

						
					

					
							
							Green et al.13 

							(2019)

						
							
							It is imperative to create policies that promote health networks for heat-health research and invest financial and human resources in these. 

						
					

					
							
							Scovronick and Armstrong14

							(2012)

						
							
							To deal with heat, it is imperative to develop a development policy that prioritises replacement of informal housing compared to one that emphasises replacement of traditional dwellings in South Africa. 

						
					

					
							
							Thompson 
et al.30 

							(2012)

						
							
							It is important to create climate-health policies with a focus on children. The municipalities in Limpopo must provide the necessary legislative and administrative framework for good environmental practices such as regular environmental sanitation. It is important to create policies to reduce deforestation and soil erosion, especially in high-density areas of uneven terrain. Policies for mapping disaster risk areas and plans to target these areas must be developed.

						
					

					
							
							Alexander et al.55

							(2013)

						
							
							Locally acceptable and culturally appropriate public health strategies for reducing population vulnerability to climate change related diarrhoea disease must be developed. 
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			Discussion

			This review summarises the evidence published between January 1992 and April 2019 on the effects of extreme heat events and high ambient temperatures on mortality and morbidity in Africa. To our knowledge, this is the most up-to-date Africa-focused systematic review on this subject, notwithstanding the existence of other studies that have included African countries in reviews that cover studies across the globe.13,47 A previous review focused on countries in sub-Saharan Africa and excluded studies in North Africa42, and a more recent study included only 10 studies from Africa among many studies from other continents13. 

			The general pattern among studies that explored the heat-health relationship in Africa was exclusionary (limited in coverage) and non-exhaustive (referencing the continent in passing). Our review encompassed 20 primary studies and 17 secondary studies, and importantly highlighted Africa-specific nuances on mortality and morbidity arising from extreme heat exposure. This review underscores the fact that Africa has particular climatic and population health features that demand a focused and thorough exploration. 

			Overall, the review confirmed the effects of extreme heat on mortality and morbidity in Africa. This finding is in line with previous related reviews in Africa and globally. For instance, a study reported the dominance of heat effects in studies conducted in sub-Saharan Africa, with heat-related mortality observed in Burkina Faso, Ghana and Kenya.47 Even though Green et al.13 included studies from other continents, they similarly point out that

			the vast majority of studies found a positive association between heat and morbidity and mortality, and only nine either found no association or a negative association between the heat exposure and the health outcome of interest. (p. 84) 

			Not many reviews provide unequivocal, continent-wide evidence on the effects of extreme heat exposure on mortality and morbidity. 
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			This review further points out that the association between extreme heat and mortality or morbidity is complex. Indeed, the heat-mortality and heat-morbidity relationships were found to be linear or non-linear, with the latter showing U- and J-shaped relationships. We suggest that the complexity in these relationships may result from the uneven geographic spatial distribution of climate elements and the epidemiological heterogeneity of the continent. The complex relationship found demands further research to explore other factors, including inter alia whether the methodology employed in the studies, the sub-populations investigated, and other independent variables directly or indirectly influence the relationship. 

			The evidence indicates that although extreme heat effects affect persons of all age groups, the African population groups most affected by exposure to extreme heat were infants (0–4 years), children (5–19 years) and the elderly (over 50 years). Similar findings have been reported in studies from South Asia where heat-mortality effects are more pronounced among children48-50, and in Latin America and China where heat-mortality effects were observed among the elderly51,52. 

			A few studies suggested some practical interventions and policies to deal with the effects of extreme heat events and high ambient temperatures in Africa. Many of these suggestions pertained to preventative and treatment interventions, as well as polices for early warning systems and heat-health plans. The suggested interventions and policies, however, lack depth and detail. More intervention and policy-oriented studies that focus on these study areas are needed. For studies to offer useful programme and policy suggestions, more Africa-specific intervention projects must be carried out. 

			There are some limitations to this review. The main limitation is that we did not evaluate the quality or potential biases of studies included in this review. Heterogeneity of included studies made it difficult to consider doing a meta-analysis for this review. The allocation of studies into those fitting primary or secondary analysis was not error-free. The general limitation of the adapted realist review method, which is that it may not be reproducible and transparent, applies to this review.26 Some key concepts with fluid definitions such as extreme heat and heatwaves were not explicitly defined, especially within the context of the continent which has predominantly warm/hot tropical and subtropical climates. In addition, the causal effects of heat impacts on health, for example, physiological or cardio-metabolic stress versus communicable diseases, were not fully explored. However, some of these concepts are complex to explain robustly without oversimplifying them and making erroneous attributions. These are areas for future studies to explore. 
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			Conclusion

			While there is a growing body of evidence suggesting that Africa will be disproportionately affected by climate change, the effects of extreme temperature changes on health on the continent have not been explored in detail to date. This systematic review established the effects and association between extreme heat and high ambient temperatures on mortality and morbidity in Africa and explored the population sub-groups most vulnerable. The evidence shows that the extreme heat-health relationship is complex and confirmed the effects of extreme temperature on mortality and morbidity, especially among children and the elderly.

			African countries have a substantial mortality and disease burden. It is imperative to reduce extreme temperature related deaths and diseases. Future climate projections show increased temperatures across many countries on the continent. Therefore, policy and programmatic measures that curb future heat-health mortality and morbidities are urgently needed. Research that explores the economic costs of proactively and reactively acting on heat-health morbidities and mortalities must be carried out to inform policymakers and practitioners. 

			Suggested interventions and policies to deal with the effects of exposure to extreme heat in Africa were also sought in the review. Unfortunately, only a few of the reviewed studies provided detailed heat-health policy and programme suggestions. Further intervention and policy-focused research is encouraged. Large-scale, Africa-specific transdisciplinary studies that examine extreme heat-health relationships at sub-regional or continental scales are recommended. 
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