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ABSTRACT 
 

 HOW ARE CLIMATE CHANGE IMPACTS ON HEALTH MODIFIED BY 
SOCIAL DETERMINANTS OF HEALTH IN SOUTHWESTERN UGANDA? 

 
Katherine E. Bishop-Williams    Advisors: 
University of Guelph, 2019     Dr. Sherilee L. Harper 
        Dr. Jan M. Sargeant 
 

Climate change can impact health outcomes, including acute respiratory 

infections (ARI), acute gastrointestinal illness (AGI), and malaria. These climate change 

impacts on health outcomes are often rooted in the social determinants of health and 

health inequities. This research explored how the social determinants of health and 

inequity influenced potential climate-health relationships for Indigenous peoples.  

A systematic search of the global literature was conducted to identify research 

that investigated how Indigenous identity modified associations of ARI with 

meteorological patterns or season. Twelve articles were identified: all articles described 

research conducted in middle or high-income countries (n=12 articles) and most articles 

identified ARI associations with meteorological parameters and/or season that were 

significantly different in magnitude and/or direction for Indigenous and non-Indigenous 

peoples (n=11 articles). To investigate associations of hospital admissions with 

meteorological parameters and season for Indigenous peoples in low-income countries, 

research was conducted in partnership with Bwindi Community Hospital (BCH) in 

Uganda. Associations between all-cause hospital admissions and meteorological 

parameters were estimated using multilevel, multivariable Poisson regression models. 

The most common diagnoses at BCH were ARI, AGI, and malaria. All-cause 

admissions increased during extremely warm temperatures. BCH data were then used to 

explore the effect of meteorological parameters on ARI for Bakiga and Indigenous 



Batwa peoples, using stratified Poisson regression models. The direction and magnitude 

of associations between temperature and admission counts for pneumonia differed for 

Bakiga and Indigenous Batwa. Finally, BCH data were used to explore the potential for 

under- or over-representation of Indigenous peoples in research examining associations 

of AGI and malaria hospital admissions with season. Logistic regression models with 

AGI or malaria as the dependent variable in the wet and dry season produced 

associations of different magnitudes or directions when models were built with hospital 

data compared to models that were built with questionnaire participant’s data. 

 The direction and magnitude of associations between health outcomes and 

meteorological patterns vary across social gradients in health. When associations between 

climate-sensitive health outcomes and meteorological parameters and/or season differ 

across social gradients, health-related climate change adaptation strategies, programs, and 

policies should be designed to be population specific, including for Indigenous peoples.  
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causes at Bwindi Community Hospital from 2011 to 2014. 

Table 3.2  Table comparing hospital admission rates during (a) wet and dry seasons 
by year from 2011 to 2014, and (b) years 2011 to 2014 by season, at 
Bwindi Community Hospital. 

Table 4.1 Multivariable Poisson regression models demonstrating the associations of 
independent variables with count ratios of pneumonia hospital admissions 
at Bwindi Community Hospital, Uganda (2011-2014), with meteorological 
parameters after controlling for confounders (i.e. season and year), and 
stratified by Batwa and Bakiga peoples with meteorological parameters 
after controlling for confounders. 

 
 



	 xix	

Table 5.1 Acute gastrointestinal illness (AGI) 2-week period prevalence calculated 
for all questionnaire participants and for questionnaire participants who 
self-reported hospital use (i.e. cases who would be captured in hospital 
datasets) at Bwindi Community Hospital (Kanungu District, Uganda) in 
July 2013 and April 2014, stratified by Indigenous identity and by age, 
sex, and distance to the hospital. 

Table 5.2 Malaria point prevalence calculated for all questionnaire participants and 
for questionnaire participants who self-reported hospital use (i.e. cases 
who would be captured in hospital datasets) at Bwindi Community 
Hospital (Kanungu District, Uganda) in July 2013 and April 2014, 
stratified by Indigenous identity and by age, sex, and distance to the 
hospital. 

Table 5.3 Outputs of multivariable logistic regression models demonstrating the 
associations of acute gastrointestinal illness (AGI) in two seasons in a 
questionnaire dataset from Kanungu District and a hospital dataset from 
Bwindi Community Hospital in Kanungu District, Uganda in July 2013 
and April 2014. 

Table 5.4  Outputs of multivariable logistic regression models demonstrating the 
associations of malaria in two seasons in a questionnaire dataset from 
Kanungu District and a hospital dataset from Bwindi Community Hospital 
in Kanungu District, Uganda in July 2013 and April 2014. 

Table 6.1  Strengths of the collaborative dissertation process in context of the 
EcoHealth Principles (EcoHealth content and framework, building from 
Charron 2012). 
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Statement of Positionality 
 

 I was raised in Hamilton, Ontario, on the traditional territory of the Haudensaunee 

and Anishaabeg. I was born of English, Scottish, and Welsh descent. I spent the 

formative years of my post-secondary education in Guelph, Ontario, on the traditional 

territory of the Attawandaron (Neutral). I now live in Simcoe, Ontario, on the traditional 

territory of the Haudensaunee and Anishnaabeg.  

 I have written this thesis from the position of a young, female, white, Christian, 

fourth-generation settler-Canadian, who was raised in an affluent, English-speaking 

family that prioritized my access to education. My positionality influenced the ways that I 

understood and interacted with this research.  

The work contained within this thesis was conducted in Kanungu District, 

Uganda, traditional territories of the Batwa and Bakiga, and more recently, other groups 

who have traditionally resided in different areas of Uganda. The Batwa traditionally 

inhabited the forestlands of Kanungu District, now, named Bwindi Impenetrable National 

Park. In as recently as my own lifetime, the forestlands were subject to designation as a 

protected site and the Batwa were forcibly evicted from their home and the source of 

their traditions and way of life. The Batwa now live in small settlements across Kanungu 

District, on lands that were traditionally home to the Bakiga.  

Kanungu District is primarily a smallholder-farming district where affluence is 

uncommon. My privilege as a visitor to the area, able to travel there from the other side 

of the world, influenced my view of this area and my experiences therein. I came to love 

and appreciate the beauty of the surroundings and spaces, experiencing these places with 

eyes of a visitor and traveller, and not as a resident who called Kanungu District home. In 

Kanungu District, the working language is typically Rakiga; however, many people speak 

varying amounts of English. The majority of staff at Bwindi Community Hospital spoke 

English, and the Hospital officially conducts business in English.  

My role in this research has been to investigate the impacts of climate change on 

health in this region. Specifically, I have attempted to explore the impacts of climate 

change on health among certain subgroups of the population: Indigenous, female, 

children and the elderly, and those who lived further from the hospital.  
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 The very act of being able to conduct research is a privilege for which I am deeply 

grateful. A number of opportunities aligned to bring me to a place where I have 

completed an undergraduate and Master’s degree and am in pursuit of a doctoral degree 

working with an internationally recognized research team with well-established 

connections to institutions, partners, and communities in Uganda. For many in Kanungu 

District, substantial financial barriers exist to accessing an education. My presence as a 

researcher and student attaining an advanced degree often positioned me in a place of 

privilege that was largely the result of circumstance. The process of attaining this degree 

further complicates my position as a researcher, because this work likely contributed, in 

some ways, to providing me additional privileges and socioeconomic status into the 

future.  

My privilege was amplified in many research situations in Kanungu District as a 

result of the colour of my skin. My presence as a foreigner was apparent everywhere that 

I went. My skin afforded me privileges from being able to quickly hail a Bota-Bota on 

the side of the road in Kampala to arranging meetings with administrators and officials 

who may have otherwise been too busy. The experience of being an outsider was 

relatively new to me; however, this type of ‘outsidedness’ did not exclude me but, rather, 

offered me opportunities not afforded to the general population.  

Kanungu District experienced a number of tensions between Indigenous and non-

Indigenous peoples as a result of the forced eviction of Batwa from the forestlands in the 

1990s. My position as a Settler-Canadian exists outside of these tensions, yet is somehow 

still relevant and connected. My settler-Canadian experiences and views of reconciliation 

and related movements at home in Canada influenced how I viewed and perceived 

interactions between the two population groups and how I noted and felt about them.  

The culture in Uganda functions, at least in part, on hierarchy and organization. 

As a female, my position was generally below that of a man with otherwise similar 

privileges. However, my position as a female researcher with white skin and an education 

from an affluent country meant that the hierarchy was sometimes less apparent. This was 

a space in which I needed to constantly navigate and ask for guidance from mentors.  

My identity as a Christian woman also influenced how I interacted with the 

community in Buhoma, particularly at the Hospital, and how I perceived my position in 
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this setting. I was afforded the opportunity to commune with hospital staff on Sundays; 

however, my position of faith was complicated by the tumultuous history of philanthropy, 

missions work, and voluntourism in the region. My identity is tied up in a series of 

characteristics that are often associated with being a ‘white saviour’1. Of course, my 

whiteness is one component of this, but so too are my affluent socioeconomic status and 

my identity as a person of Christian faith. White saviourism is directly linked to privilege 

in that acknowledging the white saviour complex requires the recognition of, and 

accepting the reality of, personal privilege and the circumstances that contributed to this. 

Nevertheless, while I recognized and acknowledged the reality of the white saviour 

complex, in some ways I inherently contributed to this ‘worldview’ as a young white 

woman working in Africa. In the context of this research, I have attempted to address my 

positionality and the way that it impacts my work by (i) reflexively contemplating my 

privilege and power in this place; (ii) attempting to spend an extended period of time 

developing meaningful relationships in the community, and returning to co-interpret 

findings to the extent that I have been able; and (iii) attempting to divert the spotlight 

away from my role or contributions, instead, where possible and applicable, aiming to 

share leadership capacities, and even take a ‘back-seat’ when appropriate.  

I am a different person at the culmination of this thesis than I was when I first embarked 

upon this journey. This research experience has informed my growth. Without the 

opportunities to learn from people with whom I worked, I would not approach the end of 

my doctoral dissertation as the person I am today. With this thesis, and with everything I 

have learned in this process, I intend to dedicate my life to the pursuit of equity, 

particularly in equity of access to healthcare and access to knowledge. I am deeply 

grateful for how the experiences I have gained throughout this degree have shaped my 

identity and informed my conceptualization of power and place. 

 
																																																								
1 My understanding of the white savior complex has been shaped by a number of voices. In particular, I have deeply valued the 
podcast series Failed Missionary: White Saviour (Parts 1-3) by Corey Pigg; the blog Barbie Saviour by Emily Worrall; and several 
articles discussed at a Climate Change and Global Health Research Group lab retreat in 2015.  
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Statement of Work 
 

 The research within this thesis contributes to the larger goals of the Indigenous 

Health Adaptation to Climate Change (IHACC) Project (www.ihacc.ca). The IHACC 

Project is founded on a long-standing partnership of communities, healthcare providers, 

non-governmental organizations, governments, and universities that was initiated in 

2010. The Project aimed to examine the health effects of climate change and identify and 

evaluate adaptation needs in Indigenous communities in Southwestern Uganda, 

Amazonian Peru, and Arctic Canada (Figure 0.1). The IHACC Project began its second 

phase (2017) during my doctoral studies, alongside many of the same partners and some 

new partners with shared goals and values. 

 

Figure 0.1. Map of the research locations for Indigenous Health Adaptation to Climate 

Change Research Project with photographs of the community locations.   
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 The IHACC Program is conducted under EcoHealth and global health equity 

frameworks. As such, the ethical protocols and research priorities of each project or sub-

project are collaboratively and iteratively discussed and developed alongside co-

researchers at the community and regional levels. The ethical protocols developed with 

community partners can be found online (www.ihacc.ca/ethics1/). The work in this thesis 

was formally approved by the administration at Bwindi Community Hospital and the 

Research Ethics Boards at the University of Guelph, McGill University, and the 

University of Alberta.  

 Funding for the IHACC Program Phase One (2011-2016) primarily came from a 

collaborative grant held by the members of my advisory committee (and others) funded 

by the International Development Research Centre (IDRC), Canadian Institutes for 

Health Research (CIHR), National Sciences and Engineering Council (NSERC), and 

Social Sciences and Humanities Research Council (SSHRC). Now, in Phase Two, the 

IHACC Program is primarily funded by a grant held by the members of my advisory 

committee (and others) funded by CIHR. Numerous other contributors have supported 

my involvement in the work of IHACC, with monetary funds and in-kind support over 

the years. In particular, funding to support my involvement in the IHACC Program was 

supplemented by funds from the Ontario Veterinary College and the Ontario Graduate 

Scholarship Program. Several travel grants supported my thesis work: a Graduate Travel 

Student Allowance Award, Latornell Graduate Travel Scholarships (4), a Collaborative 

Arctic Seminars in Epidemiology Course Award, a Community of Practice in Ecosystem 

Approaches to Health Field Course Award, and a University of Guelph Graduate Student 

Association Travel Award. My work was also supported by a number of conference 

awards: Arctic Change Poster Award (2nd Place), International Symposium for Safety and 

Health in Aboriginal and Rural Populations Oral Award (1st Place), and a Population 

Medicine Graduate Student Award of Excellence.  

 A comprehensive and renowned team of scientists from around the world lead the 

IHACC Program. The IHACC Project Management Committee consists of Drs. Sherilee 

Harper (Canada), Lea Berrang-Ford (United Kingdom), James Ford (United Kingdom), 

Shuiab Lwasa (Uganda), Didacus Namanya (Uganda), Victoria Edge (Canada), Cesar 

Carcamo (Peru), Patricia Garcia (Peru), and Mark New (South Africa), alongside a 
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number of other collaborators to the regional and knowledge synthesis teams (available 

online at www.ihacc.ca/investigators/). The Program Coordinator, Carlee Wright, leads 

program and research management.  

 The work in this thesis contributes to the goals of the IHACC Program. This 

thesis was conducted in in Kanungu District, in rural Southwestern Uganda. In addition 

to the Project Management Committee, this work was conducted in collaboration with 

community partners and a team of researchers. These partnerships pre-date my work with 

IHACC and were established by the Project Management Committee and nurtured by 

former Team Members. Community partners of IHACC in Kanungu District, Uganda 

during my thesis research were Bwindi Community Hospital, Batwa and Bakiga 

communities, and the Batwa Development Program, and a national-level partnership with 

the Uganda Ministry of Health. The IHACC Research Team maintains a positive working 

relationship with the Government of Kanungu District. Members of the IHACC Research 

Team in Uganda that I worked with are: Sabastian Twesigomwe and Grace Asaaria 

(Kanungu District-based Research Assistants); Dr. Birungi Mutuhunga (Bwindi 

Community Hospital); Mr. Didacus Namanya (Uganda Ministry of Health), Dr. Shuaib 

Lwasa (Makerere University), Dr. Lea Berrang-Ford (University of Leeds), Dr. Sherilee 

Harper (University of Alberta and University of Guelph) (Research Team Leads); and 

Bianca van Bavel, Kaitlin Patterson-Landry, Vivienne Steele, Nia King, Julia Bryson, 

Mackenzie Wilson, Sierra Clark, Sarah MacVicar, Sarah Syer, Teddy Kisembo, Jessica 

Helwig, Steven Lam, Triphine Ainembabazi, Martin Kigozi, and Emilinah Namaganda 

(Student Researchers).  

 As part of IHACC data collection in 2015, I worked with research partners at 

Bwindi Community Hospital in Uganda. I conducted scoping discussions and informal 

explorations to identify the interests and needs of the community partners for future 

research. As a result of several conversations and an iterative process, begun in 2015 and 

continued through to the end of the dissertation phase, we identified research questions 

that informed the basis of this thesis. The research questions were refined with the 

guidance of my doctoral supervisory committee, Drs. Sherilee Harper, Jan Sargeant, Lea 

Berrang-Ford, Victoria Edge, Ashlee Cunsolo, and Shuaib Lwasa, as well as the larger 

IHACC Project Management Committee.  
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 Research partners, IHACC Research Team Members, and my supervisory 

committee members contributed in numerous ways to the research chapters of this thesis 

(Chapter 2-5). Details of contributions of authors to the research chapters are provided 

below. I wrote Chapters 1 and 6 of this thesis dissertation with guidance and editing from 

my supervisory committee.  

 

Chapter 2: 
(a) A protocol for a systematic literature review: comparing the impact of seasonal and 

meteorological parameters on acute respiratory infections in Indigenous and non-

Indigenous peoples 

	

Published as: Bishop-Williams KE, Sargeant J, Berrang-Ford L, Edge VE, Cunsolo A, 

Harper SL. (2017) A protocol for a systematic literature review: Comparing the impact of 

seasonal and meteorological parameters on acute respiratory infections in Indigenous and 

non-Indigenous peoples. BMC Systematic Reviews 6(1), 19. 

 

This protocol was designed and conceptualized alongside my doctoral supervisory 

committee in recognition that a review of the literature prior to initiating the work in this 

thesis would be valuable and in response to my interests in developing skills in 

systematic literature reviews as part of my doctoral degree.  

I drafted the initial protocol with feedback from my committee about design and 

conduct. I worked with University of Guelph librarian Ali Verluis to identify the 

appropriate databases and develop the search strings. Each of the authors listed on this 

protocol contributed to the conceptual framing of the paper and provided insightful 

comments and edits before approving the final version. I managed the edits and prepared 

the manuscript for registration in the International Prospective Register of Systematic 

Reviews (PROSPERO, #38051) and for publication. I also managed the revisions from 

reviewers and handled proofs with Dr. Sherilee Harper.  

I shared findings from this work as a poster at one international conference and 

several local conferences.  
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 (b) Implications of climate change on acute respiratory infections for Indigenous 

peoples: a systematic review 

 

Authorship: Bishop-Williams KE, Sargeant J, Berrang-Ford L, Kargbo Y, Edge VE, 

Cunsolo A, Lwasa S, IHACC Research Team, Harper SL. Prepared for submission to: 

International Journal of Public Health. 

 

This study follows from the published protocol that precedes it. Details of 

contributions to study design and development are available above as part of the 

Statement of Work for Chapter 2a. 

I conducted the systematic search of the literature and collected all citations from 

the databases that may be relevant to our search. Julia Bryson provided support for 

collection of some articles. Yeabu Kargbo and I independently reviewed titles and 

abstracts, then full articles and met regularly to discuss any conflicts. Next, Yeabu 

Kargbo and I independently extracted data from included articles and met to discuss any 

discrepancies. I conducted the analysis of data and wrote the first draft of the literature 

review manuscript under the supervision of Drs. Harper and Sargeant. Each author 

provided insightful comments and edits before approving the final version contained in 

this thesis. I managed the edits and prepared the manuscript for submission to the journal.  

 

Chapter 3: 
Understanding weather and hospital admissions patterns to inform climate change 

adaptation strategies in the healthcare sector in Uganda 

 

Published as: Bishop-Williams KE, Berrang-Ford L, Sargeant J, Pearl DL, Lwasa S, 

Namanya DB, Edge VE, Cunsolo A, IHACC Research Team, Bwindi Community 

Hospital, Huang Y, Ford J, Garcia P, Harper SL. (2018) Understanding weather and 

hospital admissions patterns to inform climate change adaptation strategies in the 

healthcare sector in Uganda. International Journal of Environmental Research 

and Public Health, Special issue: "Climate change and human health” (15)11, 2402.  
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 This project was initially conceptualized by members of the IHACC Project 

Management Committee and refined in conversation with research partners at Bwindi 

Community Hospital. In 2015 in Uganda, I managed conversations with research partners 

about the direction and aims of this research. In particular, Bwindi Community Hospital 

Executive Director, Dr. Birungi Mutuhunga contributed to the development of goals for 

this project.  

 I collected hospital admission record data for this project, while supervising 

research assistant Vivienne Steele (former IHACC Uganda Team Member: Research 

Assistant, and then MSc Student) in 2015. I worked with Bwindi Community Hospital 

staff Bob Mbabazi and Shallon Akampurira, who both contributed to data collection 

processes. Grace Asaasira (IHACC Uganda Research Assistant) provided logistical 

support as needed during data collection. I cleaned the hospital admission record data for 

use in this project.  

 Meteorological data were collected and downscaled to Kanungu District by Dr. Yi 

Huang at McGill University. I managed the merge of health records data with 

meteorological data.  

 Analytical protocols for this research were co-developed by my doctoral 

supervisory committee and me. I conducted analysis under the supervision of Dr. Sherilee 

Harper.  

 Interpretation of findings of this research was an iterative process. In applying the 

EcoHealth framework, knowledge to action was vital. In 2018, I discussed the findings of 

the research and explored the interpretations and implications with partners in Uganda. I 

met with staff from Bwindi Community Hospital to discuss the findings, investigating the 

possible ways that these findings could be directly relevant to adaptation planning at the 

Hospital. In Uganda, I also met with community members, representatives from the sub-

county and District level governments, and non-governmental organizations in a large 

workshop-style meeting to further explore the implications and application of the 

findings. The conversations at these meetings informed the framing of the paper, and 

particularly the discussion section of the manuscript.  
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 I wrote the first draft of this manuscript. Each author provided insightful 

comments and edits before approving the final version of the manuscript. I managed the 

edits and prepared the manuscript for publication. I also managed the revisions from 

reviewers and handled proofs under the guidance of Dr. Sherilee Harper. 

 The results of this research have been shared as presentations at an international 

conference and at local conferences. I prepared a one-page handout that summarizes the 

findings of this research for dissemination at in-person meetings and an Infographic that 

was used to summarize the results for easy sharing on social media. The results of this 

research were also profiled in an Infographic developed by Katheryn Churchill of the 

Centre for Public Health and Zoonoses at the University of Guelph.  

 

Chapter 4: 
Acute respiratory infections, weather patterns, and Indigenous peoples in Southwestern 

Uganda 

 

Authorship: Bishop-Williams KE, Berrang-Ford L, Sargeant J, Lwasa S, Edge VE, 

Namanya DB, Cunsolo A, Bwindi Community Hospital, IHACC Research Team,   

Huang Y, Harper SL. Prepared for submission to: Social Science and Medicine Public 

Health 

 

 My doctoral supervisory committee and I conceptualized this project. The project 

goals were refined by the goals of the IHACC Project with insights from the Project 

Management Committee and the Bwindi Community Hospital.  

Hospital admission data and meteorological data from Chapter 3 were used for 

this project. I cleaned and managed the data as needed to meet the project objectives.  

I drafted the analytical protocols for this research. My doctoral supervisory 

committee members provided feedback and guidance based on the analytical protocols 

and then I conducted the analysis of data for this project with the guidance of Dr. Sherilee 

Harper. As in Chapter 3, the meteorological data were downscaled by Dr. Yi Huang.  

I shared the preliminary findings from this project alongside the findings of 

Chapter 3 in Uganda in 2018. Therefore, interpretation and application of the findings 
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was done collaboratively with hospital staff, community members, non-governmental 

partners, and government representatives. The insights that co-researchers shared 

informed the manuscript. 

I wrote the first draft of the manuscript of this research. The draft of the 

manuscript was edited according to comments and revisions from co-authors. The entire 

authorship team approved the final version of the manuscript. I managed the edits and 

prepared the manuscript for submission for review and publication. 

 I prepared a poster that summarizes the findings from this research that was used 

for dissemination at international and local conferences. I prepared a one-page handout 

that summarizes the findings of this research for use at in-person meetings.  

 

Chapter 5: 
Exploring representativeness in hospital data for climate-health research in Uganda 

 

Authorship: Bishop-Williams KE, Berrang-Ford L, Sargeant J, Edge VE, Lwasa S, 

Namanya DB, Cunsolo A, Bwindi Community Hospital, IHACC Research Team, Harper 

SL. Prepared for submission to: International Journal of Public Health. 

 

 The final research project of this thesis was iteratively conceptualized in 

conversations with my supervisory committee and members of the IHACC Project 

Management Committee. This research contributes to a larger conversation, where we 

believe that epidemiologists have a role to play in advancing climate-health research.  

 Hospital admission records and meteorological data were collected as per the 

Statement of Work for Chapters 3 and 4. Community health data were collected by 

IHACC Uganda Research Assistants, IHACC Uganda Regional Team Members, and the 

IHACC Project Management Committee during two community survey periods in July 

2013 and April 2014. Drs. Berrang-Ford, Harper, and Lwasa and Mr. Namanya 

developed the survey design and protocols, and supervised survey administration. A 

complete list of the team of individuals who contributed to the community survey 

administration is available in the Acknowledgements section of Chapter 5. Community 

survey data was entered by Blanaid Donnelly, Sierra Clark, and Margot Charrette, and 



	 xxxiii	

data management was conducted by Kaitlin Patterson-Landry. I conducted further data 

management needed to meet the objectives of this study. 

 I drafted the initial analytical protocols for this research. The protocols were 

iteratively informed by input from my doctoral supervisory committee. I conducted the 

analyses under the supervision of Dr. Sherilee Harper. 

 I wrote the first draft of this manuscript. Dr. Alexandra Sawatzky designed figures 

in this chapter, based on my concepts. All authors provided edits before approving the 

manuscript. I managed the edits and prepared the manuscript for submission	



	 xxxiv	

Statement About Photography 
 

 This thesis includes a number of photographs taken during my research in Uganda 

from January to March, 2015 and in July 2018. Unless otherwise stated, I took the 

photos. 

   

 

 
Photo credit: Adam Ellenthal 

	



	 1	

 
Chapter 1: 

 Introduction, literature review,  

research frameworks, and  
dissertation objectives 

	
	

	
	
	
	
 



	 2	

Chapter 1 

Introduction, Literature Review,  

Research Frameworks, and Dissertation Objectives 
 

Climate change is a shift in the Earth’s long-term meteorological systems 

characterized by increasing global temperatures, changing precipitation patterns, 

increased frequency and intensity of severe storms, and changing seasonal patterns [1-4]. 

The progression of climate change threatens the health of populations around the world, 

presenting public health agencies and practitioners with substantial challenges for the 

future [4, 5]. Despite the undeniably negative impacts of climate change [1-4, 6], there is 

capacity for health systems, and for the public health sector more broadly, to adapt to the 

changes in health outcomes and patterns of diseases that are likely to result from a 

changing climate [7-19]. Adaptation to the health impacts of climate change involves the 

intentional adjustment of behaviours, policies, and programs to account for changing 

climatic conditions that reduce harms and/or exploit potential benefits for human good [3, 

11, 14, 17].  

 Climate change impacts on public health have been referred to as both the greatest 

challenge [5] and opportunity [20] of our time. The impacts of climate change, 

particularly on health, are inequitable, resulting in health disparities across social 

gradients and geographies [5, 6, 8, 10]; women, children, low-income families, and 

Indigenous peoples are often at an increased risk for negative climate-health impacts [5, 

6, 8, 10]. However, despite these inequities, these populations are often extremely 

adaptive and resilient to the potential negative impacts of climate change [6, 21]. Given 

the disparate and unequivocally negative overall impacts of climate change on global 

populations, this literature review aims to: (i) introduce key concepts (e.g. climate 

change, climate-health, and climate-health research) applied in this dissertation; and (ii) 

review, summarize, and synthesize the current literature on climate change impacts on 

human health globally and in Uganda.  
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1.1 Climate Change and Health 
1.1.1 Climate Change and Health Presents a Complex Problem 
 Complex problems are characterized by the diverse points of view and objectives 

that must be incorporated into any solution to the problem [22-24]. Climate change 

impacts on health represents a complex problem [22-25]: different groups and individuals 

approach the problem with divergent knowledges and paradigms [26]. Adding to the 

complexity of the issue, the full scope and impacts of climate change-related problems 

are presently unknown, although climate-health knowledge is constantly growing [1, 4]. 

Further, challenges concerning the relative size and measurement of the benefits and 

drawbacks of actions [22-24] intended to minimize climate effects on health outcomes [8, 

10] complicate discussions of what constitutes appropriate adaptation strategies. As is the 

case for complex problems, solutions for climate-health issues are also complicated, 

requiring systemic thinking with an iterative approach [18, 22-24, 27, 28]. Iterative 

solutions are particularly important as the criteria that define climate-health action 

successes are constantly being reimagined and vary across sectors [24]. Although the 

science on climate change impacts on health is mounting [1-4, 8], addressing climate-

health impacts will require consideration of contextual complexity around the whole of 

the issue, and actions should be both informative and implementable.  

 

1.1.2 Climate Change Impacts on Health 
Climatic and seasonal variability are primarily characterized by changes in 

temperature and precipitation [4, 30, 31], and are a product of decreasing stability of 

long-term meteorological norms [30, 31]. Temperature changes are measured at surface, 

atmospheric, and ocean levels, and are all characterized by warming trends [4, 32]. The 

magnitude and direction in precipitation changes (i.e. rainfall and snow) are localized [4], 

but global precipitation trends are characterized by increasing variability and extremes 

over the past several decades [4, 30]. Further, extreme meteorological observations are 

increasingly prevalent in climates around the world [2], including increases in the 

frequency and intensity of powerful storms such as hurricanes, typhoons, heat waves, 

floods, and ice storms [2, 33, 34]. Indirect effects of climate change are far-reaching and 
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include biodiversity loss, air and water contamination, and melting polar ice and 

permafrost [2, 4, 35]. Additionally, there are social impacts of climate change, which 

include impacts of agricultural losses as well as changes to food security, water 

availability, political tensions and conflict, and health outcomes [1-4, 8, 10, 30, 36, 37].  

 The current and future negative impacts of climate change on health are 

substantial [1, 2, 5, 6, 20, 30, 38], and could conceivably be “catastrophic” [30]. There 

are several different pathways by which climate change can impact human health [6, 39]. 

Climate change can exacerbate existing health problems; for example, cardiovascular 

conditions and respiratory diseases [8]. In addition, changes in climate can alter pathogen 

survival rates as well as lead to increases in the survival or range of vectors, such as 

malaria-carrying mosquitoes [40], or Lyme Disease-carrying ticks [41]. Further, indirect 

social changes can increase the vulnerability of different populations to disease by 

reducing food and water security and/or safety, reducing air quality, increasing injury 

rates, and threatening mental health [5, 6, 8, 30, 42, 43]. Further, climate-health impacts 

can be both acute or chronic (i.e. accumulating over time) [39]. The negative impacts of 

climate change on health are substantial [6, 8, 30] and far outweigh any small, positive 

localized impacts that have previously been reported [44]. Although climate change 

causes a variety of direct environmental effects, such as rising temperatures and increased 

storm intensity [4, 30], many indirect health effects (e.g. heat stroke, cardiovascular 

disease) have been attributed to changes in temperature and/or precipitation [6]. 

Therefore, climate change impacts on health are typically related to changing 

mechanisms of the changing meteorological parameters [3-6, 8, 10, 30].  

 

1.1.2 Climate Change Impacts on Health and Meteorological Data 
This dissertation research investigated associations between meteorological 

parameters and climate-sensitive diseases in the context of climate change, but did not 

explicitly investigate climate-health associations, due to the required passage of time 

needed for this (i.e. climate is measured over decades or longer). This use of 

meteorological parameters as proxies for climatic parameters is common for climate-

health research. Climate-health research conducted with meteorological data draws from 
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observations and conclusions from meteorological-health associations and discusses the 

possible implications of continued meteorological trends on health. 	

 

1.2 Climate-Sensitive Health Outcomes Globally 
 Climate-sensitive diseases are influenced by changing climatic parameters; this is 

most obviously seen with infectious diseases [45-47], such as acute respiratory infections 

(ARI), acute gastrointestinal illness (AGI), and malaria [37, 40, 48, 49]. Changes in the 

rates and ranges of climate-sensitive infections may be a major consequence of climate 

change [5, 6, 8, 30, 47]. Much of the research on climate-sensitive diseases focuses on 

associations between these diseases and meteorological parameters under a climate 

change lens [8, 45], rather than assessing climate-health associations that require decades 

of meteorological observation. When considering the epidemiological triad (i.e. host, 

agent, and environment [50]), climate-sensitive diseases are typically influenced by 

climate at all three points [45]. For example, meteorological changes may weaken the 

immune system of a host to acute respiratory infections and increase the viability of the 

agent in the environment.  

 

1.2.1 Acute Respiratory Infections (ARI) 
 Usually, ARI refers to acute infections with coughing as a primary symptom [51, 

52]. Globally, ARIs cause a large burden of ill health [53-56], affecting up to 336 million 

people annually [57]; this burden is expected to increase by different amounts regionally 

as a result of climate change. Warming temperatures, floods, and droughts influence air 

quality, causing or exacerbating respiratory illnesses [6, 8, 30, 58].  

Increased temperatures can lead to heightened levels of ground-level ozone and 

increased circulation of particulate matter (e.g. PM10, PM2.5) [58], both of which may 

worsen respiratory disease outcomes. Additionally, increased temperatures may be 

partially responsible for the increased allergen load in the air in many temperate climates 

[6, 58], leading to increased presentation of symptoms for chronic conditions such as 

asthma, chronic obstructive pulmonary disease, and tuberculosis [6, 58]. Temperature 

increases are also associated with increases in rates of pneumonia [59] and general ARI 

[60]. Increased temperatures coupled with droughts increase the risk of forest fires [6, 58, 
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61], which negatively impact respiratory health via smoke production [61, 62], and also 

by triggering dust storms in dry areas [6, 63].  

Additionally, climate change may result in increased instances of flooding, which 

can lead to mold production in the built environment. Some molds are an irritant for the 

general population, but may be especially harmful for those with existing allergic and 

asthmatic conditions [63]. Flooding has also been linked to increases in rates of both 

upper ARI and lower ARI as a result of altered pathogen reproduction and survival [63]. 

Precipitation increases are associated with increased risks and rates of respiratory 

syncytial virus [64], whereas precipitation decreases are associated with higher risks and 

rates of coughing [61, 65, 66]; both precipitation increases and decreases are associated 

with higher rates of pneumonia and other respiratory infections [61, 67]. Further, 

precipitation changes influence humidity levels in the air, which can exacerbate 

respiratory illnesses [62]. The associations between meteorological parameters and the 

rates and severities of these infections are not always consistent: the associations between 

pneumonia and precipitation levels changes depending on the location of study [61, 68]. 

Similar localized patterns also occur for other types of ARI, such as respiratory syncytial 

virus [69].  

 

1.2.2 Water-borne and Food-borne Diseases  
Climate change impacts both the quantity and quality of water resources [6, 30, 

63, 70]. Declining water sanitation is one of the greatest global health threats resulting 

from climate change [8, 71]. Water resources are influenced by several climatic 

phenomena such as temperature, precipitation rates, and the frequency and severity of 

extreme weather events [5, 6, 30]. Temperature changes influence rates of evaporation in 

the water cycle which can lead to decreased water security, increased salinization of 

available water, and decreased water quality [30, 72]. Increasing temperatures can also 

lead to increased pathogen survival in water sources [30] and to increased risks of toxic 

algal blooms in drinking water sources [39]. Severe weather events such as floods can 

influence water quantity as excess water flowing through a system alters the water cycle 

[72]. Further, water quality can be reduced by flood-related runoff, which may be 

contaminated by agricultural waste, sewage, or pollutants [70, 73]. Droughts can also 
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influence water quality: as the flow rate of surface water slows, the rate of replication for 

some pathogens may increase, ultimately increasing the pathogen load in the water [30, 

73]. Reduced water availability associated with droughts can threaten water security, by 

impairing crop irrigation and increasing the risk of fires; insufficient drinking water leads 

to dehydration and related health concerns [30].  

Climate change also increases the risk of food contamination [1, 3, 74]. Previous 

studies have identified associations between climate change-related variables and 

increases in chemical contamination of food due to changing growing practices that 

increase greenhouse gas emissions, increased mercury accumulation in seafood as a result 

of flooded land run-off, increased pathogen and pests in food as pathogens multiply 

faster, and new or increased ranges of food-borne pathogens due to meteorological 

changes [75]. Although it appears that overall the rates of food-borne diseases may 

increase with climate change, the magnitude of associations with various meteorological 

parameters vary by pathogen [76]. For example, salmonellosis, vibriosis, E. coli 

O157:H7, and campylobacteriosis associations were measured with several 

meteorological parameters: while all four infectious were positively associated with 

temperature, precipitation, and humidity in this study, associations differed in magnitude 

[76].   

Acute gastrointestinal illness (AGI), including diarrhea and vomiting, is a 

common result of water- and food-borne diseases. Specifically, AGI refers to acute 

episodes of diarrhea and/or vomiting that are not caused by medication, alcohol, 

pregnancy, or a chronic condition [77, 78]. AGI is one of the leading causes of morbidity 

globally [56, 79]. Changes in temperature and precipitation levels have been associated 

with increases in AGI around the world [46, 80-86]. The associations between 

meteorological parameters and AGI vary geographically [83], and due to the regionalized 

associations between meteorological parameters and AGI rates, the overall impact of 

climate change on the global AGI burden is difficult to accurately estimate [76, 86]. 

 

1.2.3 Vector-borne Diseases and Malaria  
Increased temperatures and precipitation influence the survival of many 

pathogens and the lifecycle of the vectors that carry them [6, 30, 87]. Changes to vector 
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habitats represent a critical impact of climate change on the spread of infectious diseases 

[30]. Climate change is projected to shift the geographical range of many vectors, 

including mosquitoes and ticks [6, 30, 87-90]. Range changes may include vectors 

appearing at higher altitudes and latitudes, or vectors may disappear from some areas that 

become too warm for their survival or reproductive cycles [6, 30, 88]. In addition, 

droughts may cause the pooling of water due to the decreased water flow in a space, 

which provides an ideal habitat for the growth of some vectors [6, 8, 30, 39]. The actual 

and potential effects of droughts on infectious disease rates have led some authors to 

suggest that droughts are more dangerous to human health than flooding [30], despite the 

acute and more direct dangers of flooding such as drowning risks and infrastructure 

failure, mental health impacts, and disease transmission after flooding [2].  

 Malaria is a vector-borne disease carried by the Anopheles mosquito in tropical 

climates [30], which causes intense fevers and headaches [40, 65]. Malaria causes a 

considerable disease burden globally [30, 79], resulting in as many as 500 million cases 

annually and one to three million deaths annually around the world [91]. The malaria 

vector (i.e. the Anopheles mosquito) is sensitive to changes in temperature and 

precipitation [40]. Weather-malaria associations indicate primarily increasing disease 

rates [6, 8, 45, 46, 89] related to increases in vector reproduction in warm, moist 

conditions and an increasing range of the malaria vector due to climate change [30, 70, 

88-90].  

 

1.2.4 Climate Change Impacts on Healthcare Use and Access 
 Climate change, by way of changes in meteorological parameters, influences use 

of healthcare facilities, observable in changing trends in healthcare facilities globally [6, 

48, 93, 114], and is expected to lead to increased use of healthcare facilities in many 

regions [6]. Healthcare facility use typically peaks during heat waves [93, 96-99], and 

temperature increases more generally are associated with heightened healthcare 

attendance for cholera [115], malaria [116], pneumonia [59], and general ARI [60], 

among other health outcomes. Increased precipitation is positively associated with 

healthcare attendance for hypertension/cardiovascular conditions [117-119], pneumonia 

[68], malnutrition [68, 81], diarrhea [81], respiratory syncytial virus [64], and chronic 
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respiratory conditions [119], whereas decreased precipitation has been associated with 

admissions for coughing [61, 65, 66], pneumonia [61], and asthma [61].  

Climate change also impacts access to healthcare services [48, 81, 120-124], by 

influencing those factors that can vary with weather or season, including household 

income, road quality, available time to access care, available services, wait times for care, 

and rurality [81, 120-124]. Scientists have deemed adaptation as one of the most 

important and viable climate-health protecting mechanisms for potential for increases in 

healthcare use due to climate change [6, 8, 11]. Climate change adaptation for healthcare 

facilities may take many forms, including early warning systems for negative climate-

health outcomes (e.g. heat stress) or policy updates that address changing climate-health 

needs [6, 8, 10-12, 17]. 	

	
1.3 Climate-Health Impacts Across Social Gradients  
 Social gradients in health refers to an inequitable distribution of health within a 

population. Patterns of health and disease among populations are stratified by the 

distributions of the social determinants of health, and the associated influence that those 

distributions have on health outcomes and health equity [125-129]. Social gradients in 

health influence the ways that an individual or group is impacted by climate change [36, 

125, 126]. Women, children, the poor, and Indigenous peoples often face greater health 

challenges than others, which sometimes makes them especially vulnerable to the impacts 

of climate change [3, 6, 8, 125, 126].  

 Climate change often negatively impacts populations living in low-income 

countries more severely than populations in middle- or high-income countries, and these 

discrepancies are likely to be maintained or exacerbated by climate change [6, 8, 30, 36]. 

Although populations from low-income countries typically contributed the least to 

climate change (i.e. produced the least greenhouse gas emissions) [4], regional burdens of 

chronic and infectious diseases, injury, and mortality related to climate change are 

generally higher in those countries [6]. There are several reasons for the inequity in 

climate-health impacts related to income: climate-health protective measures (e.g. health 

insurance) can be expensive, and so protective measures may be inaccessible in low-

income countries, which can lead to a “protection gap” between low- and higher-income 
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areas [130]; high-income countries often use economic privilege to systematically shift 

the burden of climate change to lower-income countries [130], and climate-related 

disasters are costly, increasing the probability that low-income countries have not fully 

rebuilt before the next disaster [2]. Moreover, a number of related issues, such as 

underdeveloped or deteriorating sanitation infrastructure, a lack of access to healthcare, 

less resilient healthcare systems, a lack of access to sufficient quality and quantity of food 

and water, an increased prevalence of armed conflict, and reduced financial capacity for 

health promotion, are more likely to be present in low-income countries than in higher-

income countries, and all are likely to exacerbate underlying disease issues affected by 

climate change [6, 15, 16, 19, 130, 131]. 

 Indigenous peoples often face additional health challenges compared to non-

Indigenous populations [132-134], which are often rooted in the social determinants of 

health, including systematically reduced access to health services, and culturally 

inappropriate health targets or interventions (i.e. targets determined for the non-

Indigenous population) [134]. Specifically, the burden of climate-sensitive diseases is 

often higher among Indigenous populations than non-Indigenous populations [37, 40, 65, 

102-104, 135-141]. As a result of these health inequities, Indigenous peoples have been 

typically characterized in the literature as vulnerable to climate change [6, 8, 35, 142], 

although this characterization often occurs without consideration of population 

geographies and diversities or unique adaptive capacities [142]. Specifically, some 

populations may have unique adaptive capacities whereby the actions taken are 

particularly effective to reduce some risks or gain some opportunities from climate 

change [142].  

 

1.3.1 Climate-Health Impacts in Uganda 
 Uganda is a small, land-locked, equatorial country in East Africa [143]. Uganda 

has several large lakes including Lake Victoria, as well as large savannah regions and 

massive thick forests, all of which cause substantial variation in local climate-zones 

[143]. Climate data in Uganda provide evidence that climate change is already occurring 

[31, 143, 144]: mean annual temperatures have risen by more than 1°C since 1960; the 
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frequency of hot days is increasing, and of cold days is decreasing; and precipitation is 

more variable than historical patterns [31, 144].  

 Climate change impacts on health are also apparent in Uganda [48, 65, 145, 146], 

which is in line with observations that climate-health impacts are already more evident 

and occurring more quickly in low-income countries [6, 8, 30, 36]. Burdens of climate-

sensitive diseases such as ARI [53, 56, 147], AGI [56, 135, 136], and malaria [40, 138, 

148], among others [102-104, 139, 145], are already higher in Uganda than high-income 

countries, and are likely to increase as climate change progresses.    

 Social gradients in health vary across Uganda [135]. One particularly climate-

susceptible population are the Indigenous Batwa [65], who live in rural southwestern 

Uganda. Approximately 900 Batwa live in Kanungu District, following eviction from 

their ancestral forest homelands in recent decades. The transition to life outside of the 

forest has been difficult, and has been exacerbated by social exclusion and racism, 

resulting in wide social gradients in health. Among the Batwa, rates of climate-sensitive 

diseases are significantly higher compared to non-Indigenous Bakiga peoples living in 

the same region [40, 65, 102-104, 135, 136, 139]. Social gradients in health influenced 

the initial burden of disease in this population, and will continue to influence the ways in 

which climate change might impact their health in the future [36].  

 

1.4 Climate-Health Research  
 Climate-health research is an emerging [5, 6, 8, 10, 39, 42, 43, 70, 149-151] and 

important field of study [6, 8, 42], that contributes to society’s understanding of the 

impacts of climate change on humans and to a humanized (i.e. a social-health science 

approach) understanding of climate projections for the general population. Important 

goals of climate-health research include understanding associations between climate 

change and health, and identifying effective adaptation options. Climate-health research 

is fundamental to help inform and prepare populations and systems for future climate 

change impacts and to protect and promote health [6, 8, 42]. The importance of climate-

health research is increasingly recognized [6, 8]; however, climate-health impacts are still 

not as well understood as climate change impacts on the environment [6, 70], resulting in 

substantial knowledge gaps [70].  
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 The 2018 United States Climate and Health Assessment [39] described future 

climate-health risks as a function of three key values: (i) baseline rate of a health impact; 

(ii)  anticipated change in climate exposures; and (iii) the exposure-response function. 

The baseline rate of a health impact refers to the amount of disease in a population before 

any change [6, 8, 17, 39, 42, 70, 150], so that scientists are able to measure changes in 

health statuses due to climate change [39]. Using climate models, climate scenarios can 

be projected to estimate health risks [39]. The exposure-response function is the 

mathematical model for the reaction of a disease to climate, allowing climate-health 

researchers to project future impacts on the healthcare system [39], attempting to address 

existing climate-health knowledge.  

 

1.4.1 Benefits and Limitations of Climate Change and Health Research 
The new prominence of climate-health research has led to research findings that 

constitute some of the greatest strengths of climate-health research: an enriched climate-

health knowledge base, the establishment of a baseline of global health statuses, and the 

development of adaptation measures to promote health in changing climates [6, 11, 14]. 

Although these benefits may be straightforward and implicit, it is worth explicitly noting 

the value of these benefits, which contributes to the prominence and overall value of 

conducting this type of research. As this knowledge flourishes and baseline associations 

between climatic parameters and health become more clear, monitoring of future health 

trends will be more fruitful and complete [39].  

One limitation of climate-health research is the lack of reliable and accessible 

long-term climate data for some regions [6, 39]. Much of the available research uses 

meteorological data, where associations are then extrapolated and interpreted in the 

context of climate [6, 94]. Further, climate variability (i.e. the short-term fluctuations in 

meteorological parameters) must be separated from climate change in both the analysis 

and interpretation of findings [152].  

 Climate-health research is further complicated by the fact that environmental 

variables are only one determinant of health [38, 127]; albeit, this determinant of health 

often provides the foundation for many other determinants of health. Personal health 

choices, environment [39, 70], and socioeconomic factors all influence health [6, 126, 
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127], and separating the individual impacts of each of these factors on an individual’s 

health status is challenging. Also, individual emotional, physiological, and psychological 

responses to climatic stimuli are unique, which complicates the identification of broader 

climate effects on health [94]. To address these challenges, scholars may control for these 

relationships via modeling or mixed-methods, although these methods are not perfect for 

detangling the environmental variables from other disease predictors [153, 154].  

 Effect modification refers to the change in the association between an 

independent and dependent variable when another variable is altered or introduced [153, 

155]. Therefore, effect modification may result in the impacts of climatic stimuli 

differing across social gradients of health [59, 139, 153, 155-159]. Effect modification 

may demonstrate how changes in the magnitude and/or direction of associations can be 

described by variability in social gradients of health, and can be explored by stratifying 

models or introducing an interaction term [153, 154].  

 There also exist methodological limitations that contribute to gaps in the climate-

health literature and to difficulties in closing those gaps [70, 152]. These limitations can 

be divided into two key concerns: (i) modeling of future uncertainties is difficult and 

imperfect [39, 70, 160]; and (ii) models incompletely control for complexities in the 

relationships between health and climate by missing contextual factors [48, 153, 160]. 

Further, many climate change models are developed post-hoc, inferring causality from 

correlations that are not well-established [152].  

 In epidemiology, discussions abound about the impacts of non-representative 

sample populations [170-175]. For example, study respondents (i.e. participants) are 

often different than non-respondents [161-166], and in research that uses hospital 

datasets, hospital attenders are also different from non-attenders [167-169].  It is less 

clear what implications poor representativeness may have on climate-health research. 

Since climate-health research commonly uses hospital datasets [37, 60, 67, 176, 177], it is 

possible that climate-health research is subject to a systemic selection bias (i.e. where 

participants in a study are systematically different than non-participants) due to the 

design of the research and the available data.  
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1.5 Research Frameworks 
To contribute to the goals of climate-health research and fill existing knowledge 

gaps, a series of relevant research frameworks were used in this dissertation research. 

Frameworks refer to the guiding ideas and principles of a research project, and provide a 

conceptual point from which to understand the problem and potential solutions [178-

181]. Careful consideration of both frameworks and the methods employed within those 

frameworks is important throughout the research process [181].  

 This dissertation was guided by research principles that focus on equity and 

respect. In particular, the frameworks that informed this research were: climate change 

adaptation and risk; climate resilient health systems (CRHS); EcoHealth; and social and 

ecological determinants of health (SDoH and EDoH, respectively). A broad perspective 

of health equity was central to all of these frameworks. The objective of global health 

equity is good health for all and a reduction in health disparities in accordance with key 

concepts of social justice (i.e. fairness across systems that serve the population) [182-

185]. Health inequity refers to the factors that violate fairness (i.e. provisions of sameness 

or access to equitable conditions) and human rights to health [128, 131, 182, 186-188], 

and is the outcome of years of disproportionate access to income, education, and goods 

caused by power imbalances over extended periods [128, 186]. These imbalances and 

inequities are likely to worsen climate-health outcomes [13, 125, 185]. Further, negative 

impacts of climate change on health are disproportionately distributed across populations 

[2, 5, 6, 8, 30, 42]. Therefore, health equity and power imbalances (i.e. the distributions 

of power) must be considered when developing research questions and study designs [2, 

5, 6, 8, 30, 42]. Without intentionally considering health equity implications for research 

questions and study designs, research actions may have inadvertent consequences that 

perpetuate these power imbalances by maintaining or exacerbating the distribution of 

power in a region.  

 

1.5.1 Climate Change Adaptation and Risk 
Climate change interventions involve mitigation or adaptation [3], which are 

central tenets of several international climate agreements such as the Kyoto Protocol 

[189] and the Paris Agreement [190]. Mitigation efforts aim to lower emissions enough to 
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stop or slow future climate change [191]; however, no amount of mitigation will halt 

future climate change [11]. Thus, adaptation is crucial to endure, minimize, or in some 

way capitalize on the impacts of climate change [11, 12, 16, 17, 19, 27, 43, 191].  

 Climate adaptation for climate-health impacts refers to adjustments to actual or 

anticipated climate [2, 6], in ways that protect health from future harms or that attempt to 

exploit the benefits of change for health [4]. Adaptation research is characterized by 

actionable or interventional approaches (i.e. research that can be applied for real-world 

change) [11]. There is increasing evidence that the most effective way to adapt to climate 

change and protect health is to reduce short-term vulnerability and improve healthcare 

systems via programs such as health service planning and hygiene and vaccination 

programs [6, 11, 14, 17]. Adaptation that contributes to near-term development and 

reduced long-term vulnerability (i.e. by adjustments that decrease risk in these areas) is 

particularly effective at improving health equity [192]. Further, adaptation is 

complementary to other frameworks that can be applied in the pursuit of health equity 

[13]; by operating to improve the adaptive capacity of regions or groups that are 

systematically disadvantaged, adaptive programs contribute to health equity for 

development [3, 13]. 

 Adaptation can be categorized by prevention levels, analogous to the terms often 

used in the public health literature and in healthcare settings [11]. Primary prevention 

refers to the initial avoidance of disease, such as vaccination campaigns [154, 193]. When 

applied to climate-health, primary prevention refers to measures that abate climate 

impacts, such as improved urban designs that reduce the effects of increasing 

temperatures [11, 194]. In public health, secondary prevention refers to screening for 

disease to avoid or reduce adverse effects, such as cancer-screening, [193];  for climate-

health, the term refers to programs that reduce the impacts of climate change, such as 

early warning systems for specific climate risks, including high temperatures and their 

impacts on health [11]. Tertiary prevention typically refers to the avoidance of death or 

disability through the treatment of disease, for example through antibiotic treatments 

[193]. In the climate-health context, tertiary prevention includes measures such as 

cooling centers (i.e. where public buildings are open for free short-term visits to provide 

shelter from extreme heat) [11]. In addition, a zero-level prevention option (i.e. to prevent 
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the risk from occurring in the first place) - to mitigate climate change via greenhouse gas 

reductions - also exists [11]. A comprehensive response to climate change requires a 

combination of zero-order, primary, secondary, and tertiary prevention strategies to 

protect population health [2, 11]. 

 In climate-health research, the term ‘risk’ is used in the epidemiological sense to 

refer to the probability or likelihood of an event, considering the scale of the impacts of 

the event if it were to occur [4, 6]. Risk is intimately connected to the characteristics that 

influence an individual or community’s vulnerability, broadly and specific to climate 

change [195, 196], and risk reduction programs are also related to adaptation, as the goals 

are similar [197]. Risk in the context of climate change is typically characterized as a 

function of overall vulnerability, exposure to climate stimuli, and weather and climate 

hazards [2, 4]. Where under-development is the primary factor determining vulnerability 

and exposure components of overall climate risk, health equity and the SDoH are the 

primary factors determining vulnerability and exposure for risk of climate-sensitive 

health outcomes.  

 

1.5.2 Climate-Resilient Health Systems 
 The World Health Organization (WHO) identified six key building blocks of 

health systems [198], and then extended those to identify ten components of Climate-

Resilient Health Systems (CRHS) [7]. In order for a health system to be resilient to 

climate change impacts, WHO suggests that the following components must be present: 

(i) leadership and governance; (ii) health workforce; (iii) vulnerability, capacity, and 

adaptation assessment; (iv) integrated risk monitoring and early warning; (v) health and 

climate research; (vi) climate-resilient and sustainable technologies and infrastructure; 

(vii) management of environmental determinants of health; (viii) climate-informed health 

programs; (ix) emergency preparedness and management; and (x) climate and health 

financing (Figure 1.1) [7]. 
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Figure 1.1 Ten components that comprise the World Health Organization (WHO)’s 

framework for Climate Resilient Health Systems (CRHS), adapted from the WHO 

Operational Framework [7].  

 

 Briefly, the leadership and governance component refers to strategic planning and 

long-term relationship-building that encourages climate-relevant planning for health 

systems across sectors [7, 11, 14, 17, 18, 199]. The health workforce is an integral part of 

health resiliency, as the knowledge and support of health centre staff is critical to health 

protection and promotion in changing climates. Further, it is critical that healthcare 

workers are able to recognize climate-related risks in order to effectively respond to those 

risks as they occur [7, 11, 15, 48]. An assessment of current vulnerabilities, capacities, 

and opportunities for adaptation is necessary for the development of resilience and for the 

planning that is essential to increase the climate resiliency of health systems [3, 7, 200, 
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201]. Further, the assessment can be used to identify areas for risk monitoring and early 

warning systems in areas of particular risk or current adaptation deficits [7, 18, 48, 194, 

199, 200, 202-207]. Relatedly, such assessments can be used to determine the climate-

health research topics that are most relevant to different local contexts. Health systems 

rely on the availability of climate-resilient and sustainable technologies to implement 

monitoring and warning systems, as well as to provide the best care possible in the 

context of climate-related impacts on health [7, 18, 194, 208]. In addition, the integration 

of climate or meteorological parameters and socioeconomic conditions into health 

systems increases the resilience of health systems to climate change, particularly for 

climate-sensitive health outcomes, by providing information to the system that can be 

used to prepare for upcoming stresses on the system [7, 48, 194]. Preparing health 

systems for locally-relevant climate emergencies or disasters is also important for 

resiliency [7], as these events can have immediate and lasting impacts on the quality and 

quantity of care that a centre can provide to the community [2]. Finally, fiscal 

preparedness and responsibility for the increasing costs of climate-related healthcare can 

increase climate resiliency, particularly given the context of rising climate-related 

spending and growing rates of climate-sensitive diseases [7]. The CRHS framework was 

used to understand the application of all of the other health frameworks applied in this 

dissertation to climate-health research [7]. This intersectoral framework provides a 

platform on which this research can be planted and understood.  

 

1.5.3 EcoHealth 
 EcoHealth is a research paradigm broadly defined by methodological pluralism 

[209], and is rooted in values of fairness and equity [210-213]. EcoHealth is an ideal 

framework for climate-health investigations because it aims to improve health and 

promote climate resiliency and because EcoHealth can be used to more wholly consider 

the health components of a system that produce environmental impacts on health [210, 

214-217]. A series of guiding principles for the field of EcoHealth include: (i) systems 

thinking; (ii) transdisciplinarity; (iii) participation; (iv) sustainability; (v) social and 

gender equity; and (vi) knowledge to action [210]. Collectively, the principles are 
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relevant to and important for climate-health investigations [218] (see Appendix A for 

additional information).  

Systems thinking involves seeing the problem as part of a system [210, 213, 219, 

220], and is useful in understanding climate change issues because systems thinking 

provides a process for considering multiple drivers of climate change and the possibility 

of a variety of research outcomes or actions [140, 204, 221-223]. For example, when 

applying systems thinking to climate change, it is apparent that climate change exists in a 

system of finance, industry, and much more, which also influences the actions taken to 

combat climate change. Systems thinking can compliment the CRHS framework, 

particularly in assessments of the current state of the health system, where it is essential 

to recognize the other components of a system and the impacts each has on the health 

system [7]. Transdisciplinarity involves generations of research teams from within, 

across, and outside of academic boundaries [220, 224, 225] who value and respect other 

perspectives and forms of knowledge [226]. Climate change research would benefit from 

the application of transdisciplinarity, as it integrates the voices, experiences, and 

expertise of the community across sectors and disciplines, and provides a more nuanced 

understanding of climate impacts [227]. Climate change is a multi-dimensional problem 

that has political, economic, sociocultural, health, and environmental aspects; as a result, 

comprehensive plans to manage impacts of climate change require consideration of 

diverse sectors such as social sciences and humanities, environmental and physical 

sciences, health sciences, animal sciences, government, and more [7, 228]. Participation 

refers to the inclusion of research partners and members of communities affected by a 

research program in all phases of research [229]. Participation involves locally-rooted 

research designs, which increase the positive outcomes and benefits of the research for 

relevant communities [140, 228, 230]. Participation takes methodological cues from a 

variety of sources, including participatory action research and participatory rural 

appraisal [210, 231, 232]. For climate change, the purposeful integration of various 

knowledges (e.g. Traditional Knowledge) via participation in the research process is 

crucial to a holistic understanding of change and increasing climate resiliency [7, 140, 

141, 233-235]. Sustainability refers to both environmental sustainability (i.e. use of 

materials and actions that are beneficial to the environment or which do not produce 
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negative impacts on the environment) and project social sustainability (i.e. actions or 

interventions that can be maintained by communities when research projects end and 

research-related resources are withdrawn or used up) [210, 236], and requires that 

research programs and outputs broadly consider environmental impacts [237] and the 

availability of resources to maintain the project or program after the conclusion of the 

research [236, 238]. Without considering the environmental and social sustainability of a 

project, decisions for research and interventions may leave communities or population 

sub-groups worse off than before. Sustainability is an essential consideration for research 

projects in order to ensure that climate-health research does not perpetuate environmental 

degradation [9, 149], and to ensure that research generates solutions-oriented programs 

that are maintainable by local standards of long-term success [236]. Social and gender 

equity refers to the intentional design of research projects and programs for equity in 

context of relevant local social dynamics and power structures [187]. Social and gender 

equity considerations are important for climate-health research because climate change 

impacts populations differently, and so strategies to manage the impacts of climate 

change may require diverse designs for different communities [5, 6, 8, 30, 42]. Without 

considering social and gender equity, power disparities (e.g. men having power over 

women, rich having power over poor) may be reinforced within communities as an 

unintentional consequence of the research [187]. In context of social equity, people who 

are most negatively affected by climate change (e.g. women, the poor, children and the 

elderly) typically have limited power to improve their circumstances [6, 239], and often 

contributed the least to climate change by greenhouse gas emissions [239]. For example, 

individual contributions to climate change-causing greenhouse gas emissions in Africa 

are typically very low, yet climate change is already evident in many regions, and 

individuals in many countries in Africa experience poverty that prevents them from 

accessing services to adapt to climate change [31, 48, 65, 240]. Knowledge-to-action 

refers to the use of various knowledges to improve health outcomes [226], and hinges on 

the application of research findings for solutions to climate change-related health 

challenges [210, 226]. Knowledge-to-action involves respectful, bi-directional 

communication of research findings that creates space for dialogues concerning the 

strengths and limitations of the research [140, 226]. In climate-health research, multi-
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directional communication is essential for developing and identifying effective adaptation 

plans [241, 242]. In a CRHS, climate-health knowledge informs risk management, early 

warning systems, future research, and more [7].  

 

1.5.4 Social and Ecological Determinants of Health 
 The SDoH refer to variations in socio-demographic variables that influence health 

[127, 243] and the way that climate change impacts health [126, 127]. The SDoH are 

rooted in health equity theory and provide a platform for understanding how demographic 

characteristics influence health equity in context of climate change [186, 244]. The SDoH 

framework highlights the impacts of social, contextual, and political factors on health of 

individuals and communities [127, 244, 245], and the ways in which those factors may 

exacerbate the climate change experience for those with lower socioeconomic statuses 

[125, 126]. 

This thesis investigated whether social determinants of health, particularly 

Indigenous identity, may modify the relationship between seasonal or meteorological 

variables and health outcomes. For example, Indigenous scholars have identified 

Indigenous identity as a key determinant of health that encompasses several determinants 

(e.g. income, racism, colonial experiences), localized in place for the population being 

considered [132-135]. Given the localized contexts and diversity of Indigenous histories 

and cultures, Indigenous identity is more complicated and nuanced than other 

determinants of health, because there is not an inherent relationship of Indigenous 

identity with various health outcomes (i.e. Indigenous identity does not imply 

healthy/unhealthy populations, whereas higher income typically implies better health).  

There are many intermingling SDoH, including education, income, and gender 

[126, 127]. The WHO Commission on the Social Determinants of Health identified three 

primary components of a SDoH framework: (i) socioeconomic and political context; (ii) 

structural determinants of health inequity; and (iii) intermediary determinants of health 

[244]. For climate change and health, individual and community socioeconomic status 

and regional and global political context are relevant for health equity as systemic and 

structural health disparities (e.g. gendered or income-based disparities) may undermine 

health status in a changing climate [126, 246, 247].  
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 The EDoH refer to ecosystem variables and services that influence health [38], 

and include sufficient and clean air, water, and food [38]. The EDoH are an essential 

component of measurements of climate-health success [248]. The health of our 

environments and the ecosystems in which we exist directly affect human health, such as 

how climate change related temperature increases cause increased hospital admissions in 

some areas [38, 93]; however, incorporation of the EDoH into the SDoH is often 

insufficient to truly demonstrate the connectedness of the systems [249, 250]. Climate 

change threatens the EDoH in unprecedented magnitudes [38, 249], and the impacts of 

these threats may be unevenly experienced across social gradients. The EDoH framework 

calls for a more eco-social approach to research than previously developed frameworks, 

and practitioners of the EDoH increasingly call for recognition of environmental factors 

as a component of the SDoH [249, 251]. A series of health promotion actions specifically 

compatible with the EDoH were described as ‘active hope’ (i.e. health planning activities 

that focus on solutions-oriented thinking) and ‘rethinking development and economics’  

(i.e. re-evaluating economic priorities that may be detrimental to the environment and 

thus, to health) [38, 251], which are both valuable competencies for understanding the 

underlying causes of climate change impacts on health [251], and thus how climate 

change disproportionately negatively impacts some social groups. 

 

1.5.5 Using the Frameworks Together 
The frameworks that informed this research share important synergies for climate-

health research in the context of varying social gradients, and provide a more nuanced 

understanding and investigation of the issues surrounding climate change impacts on 

health, particularly for Indigenous peoples [247]. These frameworks share key values: 

respect, equity, and balanced power dynamics [13, 126-128, 182, 183, 209-211, 236, 250, 

252, 253], and can be applied together to increase climate resiliency for health systems by 

integrating these key values into the established framework [7]. Further, sustainability for 

both the environment and equitable social structures are common characteristics of the 

frameworks [210, 236, 254], as is a holistic approach to understanding both climate 

change and health [2, 7, 210, 253, 255, 256]. The application of these frameworks 

together co-informs the research approach used in this dissertation (Figure 1.2).  
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Figure 1.2 Connections between the various frameworks used in this dissertation, where the innermost circle includes the World Health Organization 

(WHO) Building Blocks for Health Systems [198], the middle ring includes the WHO Climate Resilient Health Systems (CRHS) Framework 

Components [7], and the outer ring references connections between the CRHS components and the other frameworks used in this dissertation: 

adaptation and risk, EcoHealth, and social and ecological determinants of health.  
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1.6 Study Rationale 
 To protect human health, systems must become increasingly climate resilient [7]. 

The WHO recommends several components of CRHS, to which this dissertation aims to 

contribute on a global scale (Chapter 2) and on a local scale at Bwindi Community 

Hospital (BCH) in Kanungu District, Uganda (Chapters 3-5). Specifically, this research 

was designed with the intention to contribute more broadly to the following goals, which 

compliment the CRHS framework: (i) strengthen leadership and government 

opportunities for local involvement in climate resilience at BCH; (ii) inform global and 

local health workforces about climate-health impacts across social gradients; (iii) assess 

current vulnerability to climate change at BCH; (iv) expand current climate-health 

knowledge on effect modification by Indigenous identity; (v) develop knowledge to 

action plans that are climate-resilient and locally sustainable; (vi) manage EDoH across 

social gradients at BCH; and (vii) contribute to the development of climate-informed 

health programmes in Kanungu District [7]. Therefore, this research aims to contribute to 

answering the larger question: How will climate change impacts on climate-sensitive 

disease outcomes vary for Indigenous peoples in Southwestern Uganda? 

 

1.7 Goals and Objectives 
The dissertation includes four primary research investigations related to the 

overarching dissertation goal, to understand how climate change impacts on health are 

modified by Indigenous identity in Southwestern Uganda and globally.   

The goal and objectives of each research chapter are as follows: 

A) A protocol for a systematic literature review: Comparing the impact of seasonal 

and meteorological parameters on acute respiratory infections in Indigenous and 

non-Indigenous peoples (Chapter 2.2) and Implications of climate change on 

acute respiratory infections for Indigenous peoples: a systematic review (Chapter 

2.3): This review aimed to understand how associations between season or 

meteorological factors and ARI for Indigenous and non-Indigenous peoples might 

be impacted globally 
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B) Understanding weather and hospital admissions patterns to inform climate 

change adaptation strategies in the healthcare sector in Uganda (Chapter 3): The 

goal of this study was to investigate associations between seasonal or 

meteorological parameters and hospital admission counts for all diagnoses in 

Kanungu District, Uganda.  

C) Acute respiratory infections, weather patterns, and Indigenous peoples in 

Southwestern Uganda (Chapter 4): was to explore how the magnitude and 

direction of associations between meteorological parameters and counts of ARI 

hospital admissions or counts of pneumonia hospital admissions might differ for 

Bakiga and Indigenous Batwa in rural southwestern Uganda.  

D) Exploring representativeness in hospital data for climate-health research in 

Uganda (Chapter 5): The goal of this research was to illustrate the implications of 

non-representativeness on research for climate-sensitive health outcomes using 

empirical data from a community questionnaire, comparing all participants to 

participants who self-reported disease and participants who self-reported hospital 

use in Kanungu District, Uganda.  

	
1.7.1 Framework Contributions to Knowledge to Action Processes 
 In July 2018, I met with members of the Indigenous Health Adaptation to Climate 

Change (IHACC) Research Team and discussed preliminary research findings with local 

collaborators. In Kampala, Uganda, the results were discussed with Dr. Shuaib Lwasa 

(IHACC Principal Investigator) and other members of the IHACC team at Makerere 

University. Dr. Lwasa provided insights and mentorship to help prepare me for the 

preliminary results discussions in Bwindi. Then, in Buhoma, Kanungu District, 

workshops were hosted at BCH to disseminate and discuss the results and key findings 

from this dissertation. In total, 68 staff members from BCH participated in the meeting. 

To facilitate discussion, summary handouts and materials were distributed to those in 

attendance and electronic copies of the files were made available through the hospital-

wide intranet. 

In addition, a workshop was organized to facilitate discussions with local 

communities regarding the emerging dissertation results. In total, 68 participants attended 
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this workshop, including representatives from local Indigenous communities, district and 

sub-county officials, hospital and nursing school staff, as well as non-governmental 

organizations and village health teams. The discussions brought together a diverse group 

of people and created a space for collaborators to interact directly with each other. 

Presentations covered preliminary results and key findings from several projects, 

including results from Chapters 3 and 4 of this dissertation. These project presentations 

were participatory sessions that included times for participants to break into smaller 

groups to discuss specific questions related to the interpretation and application of results 

in local contexts.  

Knowledge-to-action is important in both the EcoHealth and the CRHS 

frameworks. Both frameworks call for transdisciplinary and participatory collaborations 

with leadership and government, both rooted in local contexts. By investing in these 

activities, the research becomes more useful for those who most directly benefit from 

answers to the locally-driven research questions. Community members and hospital 

collaborators expressed interest in discussing the research results and providing feedback 

and interpretation of the findings, likely because the research questions were co-

developed and informed by local priorities [33]. The participatory workshops were 

designed to fulfill this interest and to receive feedback from local stakeholders that 

improved our understanding of the results within local contexts. 

	
1.7.2 Following the Road of this Dissertation 
 This dissertation is presented as manuscripts that are separate parts contributing to 

a greater whole. The manuscripts were written with the intention of being able to stand 

alone in the academic literature; each manuscript includes an introduction, methods, 

results, discussion, and conclusion.  

 While written to be useful and meaningful contributions to the scientific discourse 

independently, each has a place within this dissertation. To aid the reader in following the 

winding road through this dissertation, I have inserted a short preface at the front of each 

chapter. These prefaces serve as a checkpoint, to illustrate where you are in the greater 

journey, and as a point of clarification, for how the chapter fits within the roadmap. I 

encourage you to use these prefaces to orient yourself to the road ahead in each chapter.  
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The Impact of Seasonal and 

Meteorological Parameters on Acute 
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2.1 Situating this Chapter Within the Thesis Dissertation 
 

Climate change is undeniable and its impacts on human health are far-reaching and 

observable. Acute respiratory infections (ARI) are climate-sensitive diseases and include 

diseases that collectively cause substantial global morbidity and mortality. ARI includes 

diseases that cause coughing as a primary symptom, changing climates can cause shifts in 

seasonal patterns and meteorological parameters that are associated with rates of ARI. 

 

The rates and severity of ARI are often higher among certain populations, including 

Indigenous peoples. Since ARI are climate-sensitive diseases, the implications of changes 

to season or meteorological parameters that affect ARI rates might differ across social 

gradients in health.  

 

The research in this thesis begins with a systematic review of the global literature 

investigating the relationships between season or meteorological parameters and ARI for 

Indigenous and non-Indigenous populations. By comparing associations in Indigenous 

and non-Indigenous populations, we aimed to evaluate whether Indigenous identity 

modified the relationships between season or meteorological parameters and ARI.  

 

This chapter of my thesis dissertation is presented as two manuscripts, which were each 

submitted for publication. The first manuscript is the review protocol (Chapter 2.2), and 

the second manuscript contains the full systematic literature review (Chapter 2.3). By 

systematically synthesizing the literature on connections between climatic variables, ARI, 

and Indigenous identity, this thesis dissertation chapter contributes to answering the 

larger question: Are climate change impacts on health modified across social gradients 

within populations living in the same geographical region?  
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Chapter 2.2: A protocol for a systematic literature review: 

Comparing the impact of seasonal and meteorological 

parameters on acute respiratory infections in Indigenous and 

non-Indigenous peoples 

2.2.1 Abstract 

Background: 

Acute respiratory infections (ARI) are a leading cause of morbidity and mortality 

globally, and are often linked to seasonal and/or meteorological conditions. Globally, 

Indigenous peoples may experience a different burden of ARI compared to non-

Indigenous peoples. This protocol outlines our process for conducting a systematic 

review to investigate whether associations between ARI and seasonal or meteorological 

parameters differ between Indigenous and non-Indigenous groups residing in the same 

geographical region.   

Methods: 

A search string will be used to search PubMed®, CAB Abstracts/ CAB Direct©, and 

Science Citation Index® aggregator databases. Articles will be screened using inclusion/ 

exclusion criteria applied first at the title and abstract level, and then at the full article 

level by two independent reviewers. Articles maintained after full article screening will 

undergo risk of bias assessment and data will be extracted. Heterogeneity tests, meta-

analysis, and forest and funnel plots will be used to synthesize the results of eligible 

studies.  
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Discussion and Registration:  

This protocol paper describes our systematic review methods to identify and analyze 

relevant ARI, season, and meteorological literature with robust reporting. The results are 

intended to improve our understanding of potential associations between seasonal and 

meteorological parameters and ARI and, if identified, whether this association varies by 

place, population, or other characteristics. The protocol is registered in the PROSPERO 

database (#38051). 

 

Keywords: 

Systematic review protocol, Indigenous, health, season, meteorological parameters, 

respiratory infections, climate, weather 

 

2.2.2 Introduction 

Acute respiratory infections (ARI) contribute to a substantial global burden of 

morbidity and mortality [1-3]. An estimated 14.9 million children were hospitalized for 

ARI in 2010, of which, 265,000 died [3]. Defined as an acute infection with coughing as 

a symptom [4], ARI is often associated with meteorological parameters [1] and 

commonly varies by season [5].  For instance, ARI is commonly associated with 

temperature parameters, with increasing incidence during cold periods as a result of an 

individual’s exposure, susceptibility, and the infection type [6]. Furthermore, seasonal 

associations with ARI also have been identified; in some cases, these seasonal 

associations have been attributed to varying meteorological parameters and in other cases 

attributed to the pathogen’s own rhythmicity [6]. The associations between ARI and 
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meteorological parameters and season may be modified by social gradients of health [7-

9] and affected by type of livelihood [8, 10]. For instance, among Indigenous peoples, a 

strong connection to the land [11-13], resource based livelihoods [14, 15], interacting 

social determinants of health (i.e. housing, education) [9, 14, 16], and  the legacies of 

colonization [9] may modify the association between infections and meteorological and 

seasonal parameters [14]. Therefore, it is possible that there are differences in the 

association between weather variables and ARI amongst Indigenous and non-Indigenous 

communities. It is important to know if these associations differ between Indigenous and 

non-Indigenous communities to aid in better planning, resource allocation, and 

intervention strategies. This paper outlines a protocol for conducting a systematic review 

to investigate whether associations between ARI and seasonal or meteorological 

parameters differ between Indigenous and non-Indigenous groups residing in the same 

geographical region.  

 

2.2.3 Methods and Design 

This protocol, which outlines methods for the proposed systematic review, was 

designed in accordance with the Preferred Reporting Items for Systematic review and 

Meta-Analyses (PRISMA) Guidelines [17]. The protocol is registered in the PROSPERO 

database (#38051). The items of this protocol are presented in accordance with the 

PRISMA-P checklist (Appendix B) [18].  

2.2.3.1 Review Question 

This systematic review protocol outlines the procedures for a systematic literature 

review that is intended to answer the question: Is the association between seasonal or 
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meteorological parameters and ARI the same in Indigenous and non-Indigenous peoples 

who live in the same geographical region?  

The components of population, exposure, comparator, and outcome (PECO) are: 

Population: communities with Indigenous and non-Indigenous community members;  

Exposure: Indigenous identity;  

Comparator: non-Indigenous; and  

Outcome: association between seasonal or meteorological parameters and ARI. 

2.2.3.2 Study Designs Eligible  

All primary epidemiological observational study designs (i.e. cross-sectional, 

cohort, case-control studies) are eligible for inclusion (Table 2.2.1). Ecological studies 

will be eligible, as the population in a singular location should be equally exposed to 

seasonal or meteorological parameters. Experimental studies (i.e. intervention studies) 

will not be eligible, as the exposure (i.e. Indigenous identity) cannot be assigned. Further, 

reviews, commentaries, editorials, mathematical models, or other non-primary research 

articles will not be eligible, as these studies are not comparable with observational results. 
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Table 2.2.1. Inclusion and exclusion criteria for a systematic literature review 
investigating the impact of seasonal and meteorological parameters on acute respiratory 
infection in Indigenous and non-Indigenous peoples. 
 
Inclusion Exclusion 
The study is a primary epidemiological 
observational study design (cross-sectional, 
case-control, cohort, or ecological studies) 

The study is an experiment (i.e. 
interventional), review, commentary, 
editorial, mathematical model, or other 
non-primary research 

The research report exceeds 500 words The research report is less than 500 words 
The study’s population includes both 
Indigenous and non-Indigenous peoples 

The study’s population includes only 
Indigenous or only non-Indigenous peoples 

The study’s outcome is the association 
between ARI and seasonal or 
meteorological parameters 

The study’s outcome is something other 
than the association between ARI and 
seasonal or meteorological parameters 

The study provides sufficient 
epidemiological data to investigate the 
question of interest (i.e. two models 
representing the Indigenous and non-
Indigenous strata separately with the same 
seasonal or meteorological parameter in 
both models, producing two measures of 
association for which the ratio of odds 
ratios (ROR) can be calculated, or (ii) a 
model for an ARI outcome that includes 
Indigeneity and seasonal or meteorological 
parameter(s) as independent variables from 
which further calculations can be made) 

The study provides insufficient information 
to investigate the question of interest. 

The study presents unique results which 
have not been previously published, or is 
the most recent and comprehensive 
analysis of the data. 

The study which duplicates the results of a 
previous study  

ARI: Acute Respiratory Infection 
	

2.2.3.3 Participants Eligible 

Eligible study populations are those in which a portion of the population living in 

the same region is explicitly defined as Indigenous and a portion of the population is 

explicitly defined as non-Indigenous. This research builds from the United Nations 

Declaration of the Rights of Indigenous Peoples [13] understanding of the term 

Indigenous peoples, which states that an Indigenous person self-identifies as Indigenous; 
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has historical continuity with pre-colonial society; has a strong link to territory and 

natural resources; has a distinct social, economic, or political system; has a distinct 

language, culture, and/ or belief system; forms a non-dominant societal group; and/ or 

resolves to maintain and reproduce their ancestral environments and systems as 

distinctive peoples and societies.  

2.2.3.4 Exposures Eligible 

Indigenous identity is the only eligible exposure. The comparator group is a non-

Indigenous population living in the same region as the Indigenous population. 

2.2.3.5 Outcome Measures Eligible  

All eligible studies will present the association between ARI and weather variables. 

Eligible studies must investigate this association amongst both Indigenous and non-

Indigenous peoples living in the same region. The results can be presented in one of two 

eligible ways: (i) two models representing the Indigenous and non-Indigenous strata 

separately with the same seasonal or meteorological parameter in both models, producing 

two measures of association for which the ratio of odds ratios (ROR) can be calculated 

(i.e. ARI-exposure model for Indigenous peoples and ARI-exposure model for non-

Indigenous peoples); or (ii) a model for an ARI outcome that includes Indigenous identity 

and seasonal or meteorological parameter(s) as independent variables from which further 

calculations can be made (Figure 2.2.1). 
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Figure 2.2.1. Options for presentation of results in eligible studies, where Option 1 
represents a study presenting two models and Option 2 represents a study presenting one 
model. 

 
 
Legend: 
E+= Study exposure positive 
E-= Study exposure negative 
SE= Standard error 
β = Coefficient 
 

The case definition for ARI is an acute infection (i.e. less than 14 days duration, if 

duration is stated) with coughing as a primary symptom, with or without any 

accompanying symptoms. If duration is not provided in the case definition, the word 

“acute” will be sufficient for inclusion. The majority of ARI outcomes are anticipated to 

be respiratory syncytial virus, influenza, or pneumonia; however, studies reporting any 

ARI outcome are eligible. A diagnosis of ARI may include any symptomatic description 

that meets the case definition, a positive biological sample (e.g. swab), clinical diagnosis 

from a practitioner, or self-reported illness. Studies of non-infectious respiratory 

outcomes (e.g. asthma) are not eligible. 

Seasonal variables refers to a pattern (i.e. season) in meteorological parameters 

related to a predictable trend such as temperature, hours of sunlight, or total precipitation 
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that is repeated annually [19]. Meteorological parameters are defined as observable 

weather events, at a point in time, primarily consisting of temperature, precipitation, 

barometric pressure, humidity, sunlight, and the interactions between and variability of 

these parameters [20]. In this review, any study that has seasonal or meteorological 

parameters measured at two or more points in time, and where the points are 

meteorologically or seasonally contrasting (i.e. measured on two different dates or in two 

different seasons), will be eligible.   

2.2.3.6 Search Methods For The Identification Of Studies  

The search strategy comprises three main components: Indigenous communities 

(population and exposure terms); and association between seasonal or meteorological 

parameters and ARI (outcome terms; Table 2.2.2). Terms that will be used to identify 

Indigenous peoples globally are based on a series of umbrella terms for Indigenous used 

globally and throughout time, adapted from Bartlett et al. [21]. Individual group names 

were added to the umbrella terms from two sources. First, the International Work Group 

for Indigenous Affairs (IWGIA; www.iwgia.org) registry provides a continental directory 

of Indigenous peoples, further sorted as a country-by-country list of recognized 

Indigenous groups. These terms may be at the greater population level, rather than 

individual group level if the category can be expected to represent and include all of the 

unique peoples groups within it (i.e. the name “Maori” was included in the search terms, 

but individual Maori group names, such as Ngati Kuri, Ngati Maru, and To Arawa, were 

not included). Secondly, the United Nations Refugee Agency (UNHCR) provides a 

country-by-country database of Minority and Indigenous Peoples (www.refworld.org). 

Since this list provides both Indigenous and non-Indigenous peoples, only those groups 
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explicitly listed as Indigenous were collected. The names of all identified groups defined 

as Indigenous were added to the search. When the two lists were complete, the lists were 

merged into one, alphabetized, and de-duplicated. The list of terms for Indigenous 

peoples is comprehensive to the best of the ability of this strategy. Searches of Medical 

Subject Headings (MeSH) terms for “season,” “meteorology,” and “weather” were 

performed in PubMed® and used to compile terms for the search strategy. Terms that will 

be used to identify ARI outcomes in the literature include any pathogen known to 

primarily cause ARI (i.e. enteric pathogens that rarely cause ARI are not included) based 

on the Medical Microbiology 4th Edition, Chapter 93, online version [22]. Any terms used 

for ARI by the Lung Disease Alphabetical Listing generated by the American Lung 

Association (www.lung.org) were added to the search strategy. A search of MeSH terms 

for “respiratory” and “lung infection” was performed in PubMed® and any additional 

terms were added to the search strategy. 

It is difficult to develop a search strategy that is robust enough to represent all 

nuances of the terms Indigenous, seasonal or meteorological parameters, and ARI, thus 

the use of multiple databases is intended to increase sensitivity of the search. This review 

will search the following databases: PubMed® (via OvidSP®), CAB Abstracts/ CAB 

Direct©, and Science Citation Index® (via Web of Knowledge™). The search string will 

be appropriately adapted for each of the selected databases (Table 2.2.2A-C). A 

university librarian was consulted in preparation of the search strategy for PubMed®.  

 

 

 



	 56 

Table 2.2.2A. Search string prepared for PubMed®.  

All terms searched as “All Fields” terms.  

1259 citations collected on September 27, 2016.  

Population
*  
 

Aasax OR Aboriginal OR “Aboriginal-Malay” OR Aborigine OR Achi OR Achuar OR 
Adibashi OR Adivasi OR Adivasis OR Afar OR Ainu OR Aka OR Akawai OR Akha OR 
Akie OR Akoula OR Akurio OR Akwoa OR “al-Kaabneh” OR “al-Asarmeh” OR “al-
Ramadin” OR “al-Rshaida” OR “Alaska Native*” OR Aleut OR Alutor OR Amazigh OR 
Ambo OR “American Indian*” OR Ameridian OR Amuesha OR Anak OR “Andean 
Kichwe” OR Andoa OR Andorrans OR Angaite OR Anikhwe OR Anu OR Arara OR 
Arawak OR “Arawak-Taino” OR Arwak OR Ashaninka OR Atayal OR Austronesian OR 
“Ava Guarani” OR Awajun OR Awa OR Awakateco OR Aweer OR Ayeoreo OR Aymara 
OR Ayoreo OR Aztec OR Baaka OR Baantonu OR Babi OR Bahnar OR Babongo OR 
Bacwa OR Bagame OR Bagombe OR Bagyeli  OR BaGyeli OR Bajuni OR Baka OR 
Bakgalagadi OR Bakola OR Bakongo OR Bakoya OR Balala OR Bambara OR Bambuti OR 
Bantu OR Barabaig OR Bariba OR Barimba OR Basarwa OR Bassari OR Batwa OR 
Bawarwa OR BaWka OR Bawn OR BaYeyi OR Bedzam OR Benet OR Berabis OR 
Berawan OR Berber OR Berbers OR Bidayuh OR Bigombe OR Biharis OR Bilma OR 
Bisayah OR Bobo OR Boeschs OR Bofi OR Boni OR Bonis OR Boranna OR Boro OR 
Bororo OR Boruka OR Botsarwa OR Bozo OR Brao OR Bribri OR “Bri Bri” OR Brunca 
OR Bugakhwe OR Bulu OR Bumipeuteras OR Bunak OR Bunun OR Bwiti OR Cabecar OR 
Cacaopera OR Campeche OR Carib OR Caribs OR “Ch’orti” OR Chachi OR Chaima OR 
Chakma OR Chalchiteco OR Chamorro OR Chamorru OR Chamorous OR “Chao-Khao” 
OR “Chao Ley” OR Charrua OR Chelkancy OR Chiapas OR Chibcha OR Chibchense OR 
Chipaya OR Chiriguano OR Chiquito OR Chiquitano OR Chorotega OR Chorti OR Cofan 
OR Chuaa OR Chuj OR Chukchi OR Chulymcy OR Chuvancy OR Ciboney OR “Ciboney-
Taino-Arawak” OR “Cocama-Cocomilla” OR Colla OR Copts OR Cotier OR Cree OR 
Cumanagoto OR Dabou OR Dagiri OR Dahalo OR Danisi OR Daroobe OR Datoga OR 
Daza OR Degar OR Deti OR Diaguita OR Dinka OR Dioula OR Ditammari OR Dogon OR 
Dolgan OR Doma OR Dukha OR Dusun OR Ebrie OR “egga hodaabe” OR Elmolo OR “El 
Mono” OR Embera OR Emerillon OR Ency OR Endorois OR “Enlhet Norte” OR Enxet OR 
“Enxet Sur” OR Epera OR Eskimo OR “Ese Eja” OR Evenk OR Ewondo OR Fatukuku OR 
“First Nation*” OR “Forest dwell*” OR Fuegian OR Fulani OR Fulbe OR Galibia OR 
Galibi OR Garifuna OR Gaoshan OR Gio OR Guadalcanese OR Guana OR Guaicuru OR 
Guarani OR “Guarani Mbya” OR Guyami OR Guaymi OR Guerrero OR Gurani OR Guransi 
OR Gurung OR “G//ana” OR “G/wi” OR “Gwich’in” OR Hadzabe OR Hadza OR Haida OR 
Herero OR Hidalgo OR “Hill People” OR “Hill Person” OR Hmong OR Hoa OR Huambisa 
OR Huastec OR Hui OR Huetar OR Hutu OR Iban OR Igotot OR “Ik” OR Imazighn OR 
Imazighen OR Indigenous OR “Indigenous Palestinians” OR Ingarico OR Inuit OR Inupiat 
OR Inuvialut OR Iroquoian OR Itelmen OR “Itza’” OR Ixil OR Jacalteco OR “Jahalin 
Bedouin” OR Jarai OR Jivi OR Jumma OR “Ju’hoansi” OR “K’iche” OR “Ka Pei Aina” OR 
Kachin OR Kaiowa OR Kalanga OR Kalina OR “Kalina-go” OR Kalinago OR “Kalinago-
Taino” OR “Kali’na” OR Kamchadal OR Kanak OR “Kanaka Maoli” OR Kanuri OR 
Kaqchikel OR Karamajong OR Karenni OR Kavalan OR Kayapo OR Kawashkar OR Kayan 
OR Kazakh OR Kedayan OR Kelait OR Kenyah OR Kereki OR Kety OR “Khali’nago” OR 
Khamu OR Khanty OR Khengs OR “Khmer Krom” OR Khoekhoe OR “Khoe-San” OR 
Khoikhoi OR Khoisan OR Khomani OR “Khudro Nrigoshthhi” OR Khumi OR Khwe OR 
Khyang OR Kichwas OR Kipsigis OR Kirdi OR Koba OR Koryak OR Krio OR Krohn OR 
Kua OR Kumandincy OR Kuna OR Kuy OR Kwisi OR Lahu OR Lao OR “Laotian Tribes” 
OR Lenca OR Lickanantay OR Limbu OR Lisu OR Livs OR Lobi OR Lokono OR Loma 
OR Lua OR Lumad OR “Lunda-Chokwe” OR Lushai OR Maasai OR Macourai OR Macuxi 
OR Macuzi OR Magar OR Makasae OR Makuxi OR Malagasy OR Malakote OR Malay OR 
“Malayo-Polynesian” OR Maleku OR Mangyan OR Mani OR Mano OR Mansi OR Maori  
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 OR Mam OR Manjo OR Marma OR “Marsh Dwellers” OR Mapuche OR Maskoy OR 
“masyarakat adat” OR Mataco OR “Mataco Matguayo” OR Matagulpa OR Maya OR “Maya 
Chorti” OR Mayagna OR Mbanderu OR Mbini OR Mbororo OR Mbukushu OR Mbundu 
OR Mbuti OR Mbri OR Mbya OR Mdendjele OR Melanesian OR “Melanesian-Papauan” 
OR Mestico OR Mestizo OR Merina OR Metis OR Miao OR Mien OR Mikaya OR Miskito 
OR Miskitu OR Misquito OR Mixte OR Mnong OR Mogeno OR “Mon-Khmer” OR 
Montagnards OR Mopan OR Moxeno OR Mozabite OR Mpukushu OR Mru OR Muong OR 
Murut OR “N/oakhwe” OR “N’guigmi” OR Nagas OR Nahoa OR Nahua OR Nahuatl OR 
Nama OR Nambiquara OR Nanaicy OR Nandeva OR “Nandevi Guarani” OR Naro OR 
“Naso Tjerdi” OR Native* OR “Native American*” OR “Native Hawai’ian*” OR Negidalcy 
OR Negeri OR Negrito OR Nemadi OR  Nenets OR Nganasan OR Ngabe OR Ngobe OR 
“Ngobe-Bugle” OR Nivkhy OR Nuer OR “Nyaneka-Nkumbi” OR Oaxaca OR Ocanxiu OR 
Ogiek OR Ogoni OR Ojibway OR Okinawans OR “Orang Asli” OR Orochi OR Oroki OR 
Otomi OR Ovimibundu OR Oyampi OR “Pai Tavytera” OR Paiwan OR Palenqueros OR 
Palikur OR Pankho OR Patamona OR Pech OR Pemon OR Peul  OR Peulh OR Penan OR 
Piaroa OR “Ping Pu” OR Pipil OR Pocomam OR Pokot OR Poqomam OR “Poqomchi’” OR 
Puebla OR Punan OR Puyuma OR “Q’anjob’al” OR “Q’eqchi” OR Qawasqar OR Qicaque 
OR Quechua OR Quenchua OR “Quintano Roo” OR Qom OR Rai OR Raisales OR Rakhine 
OR Rama OR Rapanui OR “Rapa Nui” OR Raute OR Rhade OR Roraima OR Rotumans 
OR Rukai OR Saami OR Sabaot OR Saharawis OR Saisyat OR Sakapulteco OR Sakizaya 
OR Sami OR (San AND Africa) OR Sanapan OR Sanapana OR Sandawe OR “Santa Rosa 
Carib” OR Sanya OR Saramancas OR (“Scheduled Tribes” AND India) OR Secoya OR 
Sediq OR Selkup OR Semang OR Sengwer OR Senoi OR Shan OR Sherpa OR Shipibo OR 
“Shipibo-Conibo” OR Shiwiar OR Shorcy OR Shua OR Shuar OR Siona OR Sipakapense 
OR Soioty OR “South Sea Islander*” OR Stieng OR “Sumu-Mayangna” OR Sutiaba OR 
Tachangya OR “Tai-Kadai” OR Taino OR “Taino-Kalingo” OR Tamang OR Tampuan OR 
Tapeba OR Tapebo OR Tareno OR Taurepang OR Tawahka OR Tazy OR Teda OR Teenek 
OR Teko OR Tektiteko OR Telengity OR Teleuty OR Temenbe OR Teribe OR Tesker OR 
Thakali OR Tharu OR Thao OR Tikuna OR Tikigaq OR Tirio OR Toba OR “Toba Maskoy” 
OR Tofolar OR Tolai OR Toloupan OR Tomarao OR Topnaars OR “Torres Straight 
Islander*” OR Totonac OR Toubou OR Truku OR Tsexakhwe OR Tripura OR Tsaatan OR 
Tsachila OR Tsou OR Tsumkwe OR Tshwa OR Tuareg OR Tuaregare OR Tubolar OR 
Tubu OR Tugen OR Tukano OR Tupi OR Tutong OR Tutsi OR “Tuvin-Todjin” OR Twa 
OR Tyua OR “Tz’utujil” OR Tzeltal OR Tzotzil OR Uchay OR Udege OR Ulchi OR 
“Ureueu-Wau-Wau” OR Uru OR Uspanteko OR Vadda OR Vadema OR Vai OR Veddhas 
OR Veps OR Vyadha OR “Waaniy-a-Laato” OR Waata OR Wadoma OR Wagashi OR 
Wapaichana OR Waorani OR Wapixana OR Warao OR Warrau OR “Warrau Wayana” OR 
Wayampi OR Wayana OR Wayeyi OR Wayuu OR Wichi OR Wodaabe OR Wounaan OR 
Xinka OR Yaaku OR Yami OR Yamana OR Yanomami OR Yukpa OR Yvytoso OR 
Zamuco OR Zapara OR Zapotec OR “!Xoo” OR “//’Xauesi” OR “/Xaisa” OR “‘Akateco” 
OR ((Indigenous OR Aboriginal OR Native) AND (Ache  OR Algonquin OR Amis OR 
Bedouin OR Bugle OR Bushmen OR Dakota OR Dan OR Fang OR Herder OR Herdsmen 
OR Indian* OR Karen OR Maroon OR Mohawk OR Mon OR pastoralist* OR Papua OR 
Pear OR Potters OR Pygmy OR Pygymy OR Rade OR Roma OR Sab OR Squamish OR 
Tay OR Trio OR Yucatan)) 

Exposure “atmospheric pressure” OR barometric OR cloud* OR cold OR “dew point” OR heat* OR 
humidity OR meteorolog* OR precipit* OR rain* OR season* OR snow* OR storm* OR 
sunshine OR temperature* OR “UV” OR “UV Index” OR “ultraviolet radiation” OR vapor 
OR warming OR weather OR wind OR winds OR windy  

Comparat
or 

-  

Outcome 
(ARI and 
Pneumoni
a) 

“acute chest syndrome” OR “acute respiratory distress syndrome” OR “ARDS” OR 
“bacterial pneumonia” OR “Black Lung Disease” OR bronchitis OR bronchiectasis OR 
bronchiolitis OR “bronchiolitis obliterans organizing pneumonia” OR “BOOP” OR 
“bronchopulmonary dysplasia” OR bronchopneumonia OR byssinosis OR “chest infection*” 
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 OR congest*  OR coccidioidomycosis OR cocci OR cough* OR “cryptogenic organizing 
pneumonia” OR “flu” OR “Hantavirus Pulmonary Syndrome” OR histoplasmosis OR 
“Human Metapneumovirus” OR “Hypersensitivity Pneumonitis” OR Influenza* OR “lower 
respiratory tract infection” OR “LRTI” OR “LRTIs” OR “lung inflammation” OR “MERS” 
OR “Middle Eastern Respiratory Syndrome” OR “mycoplasma” OR “Non-tuberculosis 
Mycobacterium” OR pertussis OR pleuropneumonia OR pneumonconiosis OR 
pneumocystis OR pneumon* OR pneumophila OR “pneumocystis carnii” OR pulmonary 
OR Respiratory OR “Respiratory distress” OR “Respiratory distress syndrome” OR 
“respiratory tract infection*” OR “RTI” OR “RSV” OR “Respiratory Syncytial Virus” OR 
sarcoidosis OR “severe acute respiratory syndrome” OR streptococcus OR “tuberculosis” 
OR “TB” OR “upper respiratory tract infection*” OR “URTI” OR “URTIs” OR wheez* OR 
“viral pneumonia” 

* The following terms were not found in PubMed®: Aboriginal-Malay, al-Asarmeh, al-Ramadin, al-
Rshaida, Kichwe, chalchiteco, Chao-Khao, hodaabe, Enlhet, jivi, Ju'hoansi, kalina-go, Khali'nago, Khudro, 
Nrigoshthhi, Matguayo, oakhwe, Nandevi, Tjerdi, ocanxiu, Tavytera, Q'anjob'al, sakapulteco, sipakapense, 
Sumu-Mayangna, tikigaq, Maskoy, Tuvin-Todjin, tyua, ureueu-wau-wau, waaniy-a-laato, yvytoso, akateco. 

Table 2.2.2B. Search string prepared for Web of Knowledge ™.  
	
All terms searched as “Topic” terms. 
 
1,475 citations collected on September 26, 2016. 
Population  
 

Aasax OR Aboriginal OR “Aboriginal-Malay” OR Aborigine OR Achi OR Achuar OR 
Adibashi OR Adivasi OR Adivasis OR Afar OR Ainu OR Aka OR Akawai OR Akha OR 
Akie OR Akoula OR Akurio OR Akwoa OR “al-Kaabneh” OR “al-Asarmeh” OR “al-
Ramadin” OR “al-Rshaida” OR “Alaska Native*” OR Aleut OR Algonquin OR Alutor OR 
Amazigh OR Ambo OR “American Indian*” OR Ameridian OR Amuesha OR Anak OR 
“Andean Kichwe” OR Andoa OR Andorrans OR Angaite OR Anikhwe OR Anu OR Arara 
OR Arawak OR “Arawak-Taino” OR Arwak OR Ashaninka OR Atayal OR Austronesian 
OR “Ava Guarani” OR Awajun OR Awa OR Awakateco OR Aweer OR Ayeoreo OR 
Aymara OR Ayoreo OR Aztec OR Baaka OR Baantonu OR Babi OR Bahnar OR Babongo 
OR Bacwa OR Bagame OR Bagombe OR Bagyeli  OR BaGyeli OR Bajuni OR Baka OR 
Bakgalagadi OR Bakola OR Bakongo OR Bakoya OR Balala OR Bambara OR Bambuti 
OR Bantu OR Barabaig OR Bariba OR Barimba OR Basarwa OR Bassari OR Batwa OR 
Bawarwa OR BaWka OR Bawn OR BaYeyi OR Bedouin OR Bedzam OR Benet OR 
Berabis OR Berawan OR Berber OR Berbers OR Bidayuh OR Bigombe OR Biharis OR 
Bilma OR Bisayah OR Bobo OR Boeschs OR Bofi OR Boni OR Bonis OR Boranna OR 
Boro OR Bororo OR Boruka OR Botsarwa OR Bozo OR Brao OR Bribri OR “Bri Bri” OR 
Brunca OR Bushmen OR Bugakhwe OR Bugle OR Bulu OR Bumipeuteras OR Bunak OR 
Bunun OR Bwiti OR Cabecar OR Cacaopera OR Campeche OR Carib OR Caribs OR 
“Ch’orti” OR Chachi OR Chaima OR Chakma OR Chalchiteco OR Chamorro OR 
Chamorru OR Chamorous OR “Chao-Khao” OR “Chao Ley” OR Charrua OR Chelkancy 
OR Chiapas OR Chibcha OR Chibchense OR Chipaya OR Chiriguano OR Chiquito OR 
Chiquitano OR Chorotega OR Chorti OR Cofan OR Chuaa OR Chuj OR Chukchi OR 
Chulymcy OR Chuvancy OR Ciboney OR “Ciboney-Taino-Arawak” OR “Cocama-
Cocomilla” OR Colla OR Copts OR Cotier OR Cree OR Cumanagoto OR Dabou OR 
Dagiri OR Dahalo OR Dakota OR Danisi OR Daroobe OR Datoga OR Daza OR Degar OR 
Deti OR Diaguita OR Dinka OR Dioula OR Ditammari OR Dogon OR Dolgan OR Doma 
OR Dukha OR Dusun OR Ebrie OR “egga hodaabe” OR Elmolo OR “El Mono” OR 
Embera OR Emerillon OR Ency OR Endorois OR “Enlhet Norte” OR Enxet OR “Enxet 
Sur” OR Epera OR Eskimo OR “Ese Eja” OR Evenk OR Ewondo OR Fatukuku OR “First 
Nation*” OR “Forest dwell*” OR Fuegian  Fulani OR Fulbe OR Galibia OR Galibi OR 
Garifuna OR Gaoshan OR Gio OR Guadalcanese OR Guana OR Guaicuru OR Guarani OR 
“Guarani Mbya” OR Guyami OR Guaymi OR Guerrero OR Gurani OR Guransi OR 
Gurung OR “G//ana” OR “G/wi” OR “Gwich’in” OR Hadzabe OR Hadza OR Haida OR 



	 59 

Herder OR Herdsmen OR Herero OR Hidalgo OR “Hill People” OR “Hill Person” OR 
Hmong OR Hoa OR Huambisa OR Huastec OR Hui OR Huetar OR Hutu OR Iban OR 
Igotot OR “Ik” OR Imazighn OR Imazighen OR Indigenous OR “Indigenous Palestinians” 
OR Ingarico OR Inuit OR Inupiat OR Inuvialut OR Iroquoian OR Itelmen OR “Itza’” OR 
Ixil OR Jacalteco OR “Jahalin Bedouin” OR Jarai OR Jivi OR Jumma OR “Ju’hoansi” OR 
“K’iche” OR “Ka Pei Aina” OR Kachin OR Kaiowa OR Kalanga OR Kalina OR “Kalina-
go” OR Kalinago OR “Kalinago-Taino” OR “Kali’na” OR Kamchadal OR Kanak OR 
“Kanaka Maoli” OR Kanuri OR Kaqchikel OR Karamajong OR Karenni OR Kavalan OR 
Kayapo OR Kawashkar OR Kayan OR Kazakh OR Kedayan OR Kelait OR Kenyah OR 
Kereki OR Kety OR “Khali’nago” OR Khamu OR Khanty OR Khengs OR “Khmer Krom” 
OR Khoekhoe OR “Khoe-San” OR Khoikhoi OR Khoisan OR Khomani OR “Khudro 
Nrigoshthhi” OR Khumi OR Khwe OR Khyang OR Kichwas OR Kipsigis OR Kirdi OR 
Koba OR Koryak OR Krio OR Krohn OR Kua OR Kumandincy OR Kuna OR Kuy OR 
Kwisi OR Lahu OR Lao OR “Laotian Tribes” OR Lenca OR Lickanantay OR Limbu OR 
Lisu OR Livs OR Lobi OR Lokono OR Loma OR Lua OR Lumad OR “Lunda-Chokwe” 
OR Lushai OR Maasai OR Macourai OR Macuxi OR Macuzi OR Magar OR Makasae OR 
Makuxi OR Malagasy OR Malakote OR Malay OR “Malayo-Polynesian” OR Maleku OR 
Mangyan OR Mani OR Mano OR Mansi OR Maori OR Mam OR Manjo OR Marma OR 
“Marsh Dwellers” OR Mapuche OR Maskoy OR “masyarakat adat” OR Mataco OR 
“Mataco Matguayo” OR Matagulpa OR Maya OR “Maya Chorti” OR Mayagna OR 
Mbanderu OR Mbini OR Mbororo OR Mbukushu OR Mbundu OR Mbuti OR Mbri OR 
Mbya OR Mdendjele OR Melanesian OR “Melanesian-Papauan” OR Mestico OR Mestizo 
OR Merina OR Metis OR Miao OR Mien OR Mikaya OR Miskito  

Exposure “atmospheric pressure” OR barometric OR cloud* OR cold OR “dew point” OR heat* OR 
humidity OR meteorolog* OR precipit* OR rain* OR season* OR snow* OR storm* OR 
sunshine OR temperature* OR “UV” OR “UV Index” OR “ultraviolet radiation” OR vapor 
OR warming OR weather OR wind OR winds OR windy 

Comparator -  
Outcome 
(ARI and 
Pneumonia) 
 

“acute chest syndrome” OR “acute respiratory distress syndrome” OR “ARDS” OR 
“bacterial pneumonia” OR “Black Lung Disease” OR bronchitis OR bronchiectasis OR 
bronchiolitis OR “bronchiolitis obliterans organizing pneumonia” OR “BOOP” OR 
“bronchopulmonary dysplasia” OR bronchopneumonia OR byssinosis OR “chest 
infection*” OR congest*  OR coccidioidomycosis OR cocci OR cough* OR “cryptogenic 
organizing pneumonia” OR “flu” OR “Hantavirus Pulmonary Syndrome” OR 
histoplasmosis OR “Human Metapneumovirus” OR “Hypersensitivity Pneumonitis” OR 
Influenza* OR “lower respiratory tract infection” OR “LRTI” OR “LRTIs” OR “lung 
inflammation” OR “MERS” OR “Middle Eastern Respiratory Syndrome” OR 
“mycoplasma” OR “Non-tuberculosis Mycobacterium” OR pertussis OR pleuropneumonia 
OR pneumonconiosis OR pneumocystis OR pneumon* OR pneumophila OR 
“pneumocystis carnii” OR pulmonary OR Respiratory OR “Respiratory distress” OR 
“Respiratory distress syndrome” OR “respiratory tract infection*” OR “RTI” OR “RSV” 
OR “Respiratory Syncytial Virus” OR sarcoidosis OR “severe acute respiratory syndrome” 
OR streptococcus OR “tuberculosis” OR “TB” OR “upper respiratory tract infection*” OR 
“URTI” OR “URTIs” OR wheez* OR “viral pneumonia” 

 

Table 2.2.2C. Search string prepared for CAB Abstracts/ CAB Direct ©, with notes for 
how the search was abbreviated to fit the search engine.   
All terms searched as “Title” or “Abstract” or “Subject”. 
207 citations collected on September 27, 2016. 
 
Population  
 

Indigenous OR Aborigine OR Aboriginal OR Native OR Indian 
OR Tribe OR “Tribal Group”  

Globally and temporally 
inclusive terms for 
Indigenous only (no 
group names).  
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Exposure “atmospheric pressure” OR barometric OR cloud* OR cold OR 
“dew point” OR heat* OR humidity OR meteorolog* OR 
precipit* OR rain* OR season* OR snow* OR storm* OR 
sunshine OR temperature* OR “UV” OR “ultraviolet radiation” 
OR vapor OR warming OR weather OR wind OR winds OR 
windy  

No changes made from 
full search term list 

Comparator -   
Outcome 
(ARI and 
Pneumonia) 
 

 bronchitis OR bronchiectasis OR bronchiolitis OR “chest 
infection*” OR congest*  OR cough* OR “flu” OR Influenza* 
OR “lung inflammation” OR “Middle Eastern Respiratory 
Syndrome” OR “mycoplasma” OR pertussis OR pneumon* OR 
pulmonary OR Respiratory OR “Respiratory Syncytial Virus” 
OR streptococcus OR wheez*  

Removed all acronyms, 
maintained symptoms 
and key diseases (more 
generic names only) 

 

The search will not be limited by language, date, or study design. Search terms 

will be in English, although the names of Indigenous groups are commonly stated in their 

own languages (i.e. non-English names in the roman alphabet syntax will be used). An 

English search string should identify all English articles and any non-English articles 

with an English title and abstract. If a non-English citation is collected by the search, 

Google Translate© will be used to translate the title and abstract for initial screening [23], 

and if maintained for full article screening, Google Translate© will be used for full 

text screening. This will allow calculation of the total number of eligible articles to 

generate appropriate denominators. If after full article screening a non-English article is 

eligible, the article will be formally translated by a paid service, if funding is available. If 

it is not possible to translate non-English articles, they will be excluded from data 

extraction and risk of bias (i.e. after full text screening). 

To minimize the risk of exclusion of relevant citations, the citation list of each 

included study will be searched (i.e. a snowball search). Additionally, Google Scholar© 

will be used to complete a citation search on eligible studies, to identify studies that have 

referenced these studies. Studies identified by either the hand-searches or citation 

searches will be screened for relevance. 
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Published and unpublished literature will be eligible. Published literature can be 

collected by all of the proposed databases. Unpublished literature can be collected by 

CAB Abstract/ CAB Direct© and Science Citation Index®. Unpublished primary research 

that exceeds 500 words in length will be eligible if it meets one of the three following 

criteria: (i) Governmental report (i.e. produced by a regional or national government 

ministry); (ii) Non-governmental report (i.e. produced by non-governmental 

organizations); or (iii) Graduate or honours undergraduate thesis or dissertation.  Reports 

that are fewer than 500 words will be excluded.  

If the initial search identifies any relevant government or non-governmental 

reports, or theses, a search will be conducted in PubMed® to identify any relevant journal 

publications by the first author of the citation. This PubMed® search will include the first 

author’s last name and first initial, institutional affiliation, and 1-3 keywords from the 

abstract (i.e. author identified key words if available, or reviewer key words if not 

available).  

To keep the review current, if more than 12 months pass from the date the search 

was conducted to completion of data extraction and analysis, an update search will be 

conducted. If conducted, the second search will use the same search strategy as the first 

and will not be restricted by date. The search will be conducted in all of the original 

databases. Thus, a recall strategy is employed [24], which should identify all of the initial 

studies and all studies published since the previous search. A hand-matching method will 

be used to identify whether all of the original citations are included. 
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2.2.3.7 Selection Of Eligible Studies  

All search result citations will be loaded into and managed in EndNote™ 

bibliographic software and de-duplicated automatically. Then, citations will be uploaded 

from EndNote™ into DistillerSR®, which will be used for form generation, screening, 

and management of relevant screening level statistics. 

Screening will be completed in two stages. Screening processes will be piloted 

and tested by the reviewers on a subset of studies (5% of studies if n>50, 10% of studies 

if n ≤50). First, title and abstract screening will be conducted on all citations identified. 

Two reviewers with graduate-level training in epidemiology and systematic literature 

review processes will screen articles independently, using five evaluation questions 

(Table 2.2.3A). All questions will be answered as ‘yes’, ‘no’, or ‘unsure’. In this 

screening phase, questions will be hidden. A hidden question will not be answered if the 

article is excluded based on previous screening questions. Articles will be excluded if 

both reviewers answer ‘no’ to any of the five questions. If both reviewers answer ‘yes’ 

and/ or ‘unsure’ to all questions it will be maintained for full article screening. Any 

disagreements will be resolved by consensus. When consensus cannot be reached, a third 

reviewer will arbitrate. 

Second, full article screening will be conducted on all citations remaining after 

title and abstract screening. Two reviewers will screen articles independently, using a 

second form in DistillerSR®. Reviewers will use seven evaluation questions (Table 

2.2.3B). In full article screening, reviewers will identify any studies using a duplicate 

dataset and will maintain the research that is most comprehensive. Duplicate results will 

be removed. Questions will not be hidden in full article screening, allowing for analysis 
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of the reason for exclusion. Studies will be excluded if both reviewers answer “no” to any 

question. Disagreements between reviewers will be resolved by consensus and, when 

consensus cannot be reached, a third reviewer will arbitrate. 

 

Table 2.2.3A. Level 1-Title and abstract screening questions to be used to identify 
literature for inclusion in the full article screening process. 
Screening Domain 
and Question 

Characteristics for Assessment  
Yes- Include No- Exclude Unclear- Include 

Research Design: 
Does the title / abstract 
describe a primary 
observational research 
study? 

Yes: The study 
employs an 
observational or 
ecological study 
design. 

No: The study is a 
review, 
commentary, 
editorial, 
mathematical 
model, or other 
non-primary 
research, or is 
experimental. 

Unclear: It is 
unclear if the study 
design is primary 
research from the 
title and abstract. 

Publication Type: 
Does the title and 
abstract come from a 
published study, 
government report, 
non-governmental 
report, or post-
secondary institutional 
thesis (exceeding 500 
words in length)? 

Yes: The study is a 
published study, or 
government report, 
non-governmental 
report, or post-
secondary 
institutional thesis 
(exceeding 500 
words in length). 

No: The study is 
not a published 
study, government 
report, non-
governmental 
report, or post-
secondary 
institutional thesis 
or is fewer than 500 
words in length. 

Unclear: It is 
unclear if the study 
is a published 
study, or 
government report, 
non-governmental 
report, or post-
secondary 
institutional thesis 
(exceeding 500 
words in length) 
from the title and 
abstract. 

Population: Does the 
population of interest 
include both an 
Indigenous population 
and non-Indigenous 
population living in 
the same geographical 
region? 

Yes: The study 
population 
describes both 
Indigenous and 
non-Indigenous 
peoples living in 
the same 
geographical 
region.  
 
 
 

No: The population 
of interest is 
entirely Indigenous 
or non-Indigenous 
or the populations 
are not within the 
same region. 

Unclear: It is 
unclear if the 
population of 
interest is both 
Indigenous and 
non-Indigenous 
from the title and 
abstract. 
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Outcome: Does the 
title and/ or abstract 
describe research on 
the association 
between ARI and any 
exposure? 

Yes: One or all of 
the outcomes of 
interest in the study 
are ARI, defined by 
the case definition 
for this review (i.e. 
acute infection (less 
than 14 days 
duration, if 
duration is stated) 
with coughing as 
symptom, with or 
without any 
accompanying 
symptoms). 

No: There is no 
ARI-related health 
outcome measured 
in the study. 

Unclear: It is 
unclear if the health 
outcome of interest 
is ARI from the 
title and abstract. 

Exposure: Is the 
study’s exposure of 
interest a seasonal or 
meteorological factor 
(defined as observable 
weather events, 
primarily consisting 
of temperature, 
precipitation, 
barometric pressure, 
humidity, sunlight, and 
the interactions and 
temporal variability of 
these parameters)? 

Yes: The exposure 
of interest is a 
seasonal or 
meteorological 
factor. 

No: The exposure 
of interest is not a 
seasonal or 
meteorological 
factor. 

Unclear: It is 
unclear if the 
exposure of interest 
is a seasonal or 
meteorological 
factor. 

 

Table 2.2.3B. Level 2- Full Article Screening. Full article screening questions will 
include all screening domains and questions from title and abstract screening as well as 
two additional questions. 	
Screening Domain and 
Question 

Characteristics for Assessment 	
Yes- Include No- Exclude 

Comparator: Does the 
research compare the 
association between 
seasonal or meteorological 
parameters and ARI 
between Indigenous and 
non-Indigenous groups 
(either via two models or a 
model that accounts for 
Indigeneity). 

Yes: The research compares 
associations between seasonal 
or meteorological parameters 
and ARI in the context of 
Indigeneity.  

No: The research does not 
compare associations 
between seasonal or 
meteorological parameters 
and ARI in the context of 
Indigeneity. 
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Duplicates: Does the 
research use a new dataset 
for analysis (i.e. the 
dataset was not previously 
analyzed in another 
included study). 

Yes: The research uses a new 
dataset for analysis. 

No: The research uses a 
dataset that has been 
previously analyzed by 
another included study. 
(Note: When identifying the 
study to be included, the 
most comprehensive study 
will be used.) 

	

2.2.3.8 Data Collection From Eligible Studies  

Data extraction will include study identifiers and study design; participant, 

exposure, and outcome information; and information about analytical methods. Missing 

information will be noted.  

Extracted study identifiers will be the authors’ names; study title; publication 

type; publication date; journal, volume, issue, and page numbers of publication; place of 

publication (i.e. first author’s institutional address); and Digital Object Identifier. Study 

design, time frame of study, climate zone of interest, location of study (i.e. country), and 

region of study (localized when reported) will also be extracted.  

Data extracted about participants will include the definition of the target and 

source populations, size of the target population, and size of the source population. 

Relevant demographic information (e.g. age, sex) at the study population level will be 

extracted when reported. 

Exposure related data extracted will include the name of the Indigenous 

population, the size of the Indigenous source population, and the size of the Indigenous 

study population. For the comparator, the size of the non-Indigenous source population, 

and the size of the non-Indigenous study population will be extracted. For all studies, the 

definition provided for Indigenous peoples will be extracted. Further, if causal 
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mechanisms for differences in seasonal or meteorological effects on ARI are provided, 

these will be extracted. 

Information related to the seasonal or meteorological parameter(s) of interest, as 

well as the ARI outcome(s) of interest will be extracted. In addition, the association(s) 

between ARI and season or meteorological parameters will be extracted. For season and 

meteorological parameters, extracted information will include the name of each 

parameter (e.g. rainfall) and its related measure (e.g. millimeters); type of temporal cycle 

(e.g. daily, seasonal, annual); and number of cycles completed (e.g. years). Additionally, 

the source of data used to evaluate the season or meteorological parameter will be 

collected (e.g. meteorological stations). The extracted information for each ARI outcome 

will be the specific ARI outcome (i.e. case definition), measurement of the ARI outcome 

(e.g. self-reported), group-level metric for each population group (e.g. prevalence) and 

the effect size (i.e. Beta) comparing the Indigenous and non-Indigenous peoples or strata 

(e.g. odds ratio). Where two models are presented (e.g. ARI-exposure models for 

Indigenous and non-Indigenous peoples), odds ratios will be extracted for each strata 

(Figure 2.2.1). Where one model is presented (e.g. a model with Indigeneity and weather 

parameter(s) as fixed effects), the regression coefficients for the season or meteorological 

parameter and Indigenous identity will be extracted. In the case that a study presents 

results for both options (i.e. two strata models and a single model with fixed effects), data 

will be extracted for both options. For each association, the measure(s) of precision (e.g. 

standard error of the mean, standard deviation, and/ or confidence intervals) will be 

extracted when provided. If only the p-value and sample size are reported, these data will 
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be extracted and a measure of precision will be calculated from the available data for 

each association.  

Finally, information will be extracted on the type of modeling or statistical 

approach (e.g. linear regression) used, and if and which confounders were considered. 

Confounders considered will be extracted and a list will be generated for various ARI 

outcomes. Additionally, the unit of analysis (e.g. individual, household, or community) 

and spatial resolution of the climate data used for modeling will be extracted. 

2.2.3.9 Process For Data Extraction  

A data extraction form will be created in DistillerSR®. The extraction form will be 

piloted and tested by the data extractors on a subset of studies (i.e. 5% of studies if n>50, 

10% of studies if n ≤50). Following pilot testing, the form will be adapted as 

recommended by the extractors to improve usability and completeness. The first author 

and one additional extractor who each have training in epidemiology and systematic 

literature review processes will complete data extraction. Data extraction will be 

completed independently and the extractors will compare the data for consensus. If the 

extractors cannot answer a question, consensus will confirm that the data are unavailable 

to answer the question. 

In the event that the data presented in a study are unclear, missing, or presented in 

a non-extractable or unusable form, authors of studies published in the last 5 years (since 

January 1st, 2011) will be contacted for clarification. Authors will be contacted via email, 

and a follow-up email will be sent 2-weeks later. Authors will be provided 4-weeks from 

the initial contact to respond. If data from older studies are unclear, missing, or presented 
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in a non-extractable or unusable form, authors will not be contacted. Missing data will be 

noted in the report.  

2.2.3.10 Risk-Of-Bias Assessment For Eligible Studies  

 The risk-of-bias (ROB) assessment was adjusted from existing tools (i.e. Risk of 

Bias in Non-Randomized Studies of Interventions; ROBINS-I) [25]. In particular, 

adjustments were needed to account for ecological studies and repeated measures. One 

question was added to investigate ROB due to ecological studies and one questions was 

added to investigate ROB due to repeated measures. Questions related to experimental 

interventions were removed. Two reviewers will conduct the ROB assessment 

independently, in conjunction with data extraction, at the study level (i.e. one ROB 

analysis will be conducted per study). Both reviewers conducting the ROB assessment 

will have advanced graduate training in epidemiology and bias assessment. In total, nine 

domains of bias will be tested according to predetermined criteria for high, low, or 

unclear ROB. The ROB will be conducted using a form in DistillerSR® with a textbox to 

record the rationale for selecting the level of ROB for each domain.  

 

2.2.3.11 Confounders Relevant To All Or Most Studies  

Since this review will focus on the association between weather parameters and 

ARI outcomes, confounders in this study are those that affect the association between 

these weather parameters and ARI in Indigenous versus non-Indigenous peoples. 

Important confounders that could affect all or most studies are: (i) gender; (ii) age; and 

(iii) local wealth (e.g. regional or national). 
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2.2.3.12 Strategy For Data Synthesis 

The review will analyze information for both associations (e.g. systematic review 

and meta-analyses) and context (e.g. via descriptive statistics, narrative, and descriptive 

spatial analyses). This approach is necessary to avoid comparing unlike populations, 

exposures, or outcomes. Analyses will be completed using STATA© version 13.1 and 

REVMAN© version 5.   

Prior to beginning meta-analyses, descriptive statistics will be conducted on 

extracted data. Frequencies, proportions, and missing data will be considered for each 

extracted variable. The descriptive data will serve to describe the literature available on 

this topic and to represent the dataset under study.  

Meta-analyses will be conducted for each ARI association (i.e. each ARI outcome 

and weather parameter identified) that has at least two studies providing data (i.e. two 

studies presenting the association between the same ARI outcome and same weather 

parameter). The outcome used for meta-analyses will be the ROR representing the 

relative effects of weather parameters on ARI between Indigenous and non-Indigenous 

peoples (Figure 2.2.1). For studies presenting two models (i.e. ARI associations for each 

strata), odds ratios for each eligible study for each group will be extracted (i.e. 

Indigenous, non-Indigenous) to calculate a ROR. In studies presenting a single model, 

regression coefficients will be used directly to calculate odds ratios and solve for the 

ROR (Figure 2.2.1). The standard error of the ROR will be calculated according to 

Golder et al. [26] for both study types. Meta-analyses will be conducted using random 

effects models.  
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Between-study heterogeneity will be explored using the I2 statistic (I2 <0.25 

considered homogeneous). If heterogeneity exists, sources of heterogeneity will be 

explored by sub-group analyses. For eligible studies, we propose to categorize the studies 

by: (i) population; (ii) outcome; (iii) exposure; and (iv) location. Studies will be 

categorized by groups of Indigenous peoples (e.g. all studies of Maori peoples) for 

population; as upper respiratory, lower respiratory, or unclear/ both for outcome; as 

seasonal or meteorological parameters for exposure; and as a high, middle, or low-

income country and by climate zone for location. When there are at least two effect sizes 

for each category, we will calculate a summary effect size.  

Descriptive statistics will be conducted on each of the domains of the ROB. If 

enough data are available and ROB profiles vary, heterogeneity will be explored using 

sub-group analyses on each domain as an independent variable. 

Publication bias is the concept that significant results are more likely to be 

published than non-significant research results [27]. An evaluation of publication bias 

will be conducted using a funnel plot (if n>10 studies). Ratio measures of association will 

be plotted on the logarithmic scale to increase symmetry. A 95% confidence interval will 

be plotted, and different symbols will be used if heterogeneity is present. Interpretation of 

the funnel plot will be done visually. A test of significance for publication bias will be 

conducted using Egger’s test [28].  

Finally, to summarize data about region of study and climate zone descriptive 

spatial analyses will be performed. Specifically, point maps will be generated. The point 

map will illustrate specific study locations. When point locations are not provided in text 

with latitudinal and longitudinal coordinates, study sites will be geo-located using Google 
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Maps© and the best information available in the study.  The point map will use open 

source shape files and will be built in R Spatial© and R Maptools© statistical packages.  

2.2.3.13 Strategy For Presentation Of The Results 

The final search strategy for each database and all ancillary searches conducted 

will be provided in the supplementary materials of the final report. A flow chart, 

following the PRISMA guidelines [17], will be used to illustrate where citations were 

eliminated during screening and ancillary searches, including information about the 

rationale for exclusion in full article screening. 

To illustrate the potential for publication bias and small study effects, a funnel 

plot will plot the effect estimates (horizontal axes) against the standard error (vertical 

axes) for each meta-analysis with n>10 studies [29].  

The results of this review will be provided via text and characteristics of studies 

tables in a published journal article. The tables will describe the seasonal or 

meteorological exposure, the outcome(s) measured, the direction and magnitude of 

association, and the period of study. Descriptive statistics (i.e. frequencies, proportions, 

missing data) will be provided as extensions of this table when appropriate or in narrative 

(i.e. proportion of studies with each ARI outcome). 

Individual study results will be presented in forest plots [17]. If heterogeneity 

exists, separate forest plots will be used to illustrate results by strata.  If the data are too 

limited (i.e. fewer than 2 studies with the same population, exposure, outcome, and 

region) or are heterogeneous, the results will be presented in a forest plot without a 

summary effect size. 
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A summary of findings table for key outcomes will be generated based on the 

Grading of Recommendations Assessment, Development and Evaluation [30]. A priori 

key outcomes will include prevalence of upper ARI and prevalence of lower ARI. 

Additional key outcomes identified in the systematic literature review will be 

documented as protocol amendments.  

A table will be provided to summarize the findings of the ROB assessment. This 

table will follow the ROB presentation suggested in the PRISMA guidelines [17]. An 

additional column will highlight the rationale for the study’s ROB level. 

Maps indicating the specific location of studies (point map) will be generated. 

Climate zones will be indicated on each map (e.g. tropical, temperate, or arctic). 

2.2.3.14 Ethical Considerations 

This research does not involve working directly with Indigenous and non-

Indigenous communities, but rather with previous research conducted with these 

communities. In conducting this research, ethical principles will still be at the forefront, 

and will involve considerations for small population sizes and framing of the findings. 

2.2.4 Discussion  

This systematic review protocol presents the method for the synthesis of current 

evidence related to differences in seasonal or meteorological association with ARI 

between Indigenous and non-Indigenous peoples living in the same region. This proposed 

review will likely be the first to summarize the potentially different associations between 

ARI and weather parameters between Indigenous and non-Indigenous peoples.  

The results of the meta-analysis will examine whether Indigenous peoples are 

equally susceptible to associations between weather parameters and ARI, and whether 
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this relationship varies by place, population, or other characteristics. A deeper 

understanding of this relationship will advance the academic literature and potentially 

lead to intervention strategies as climate change progresses. Further, an understanding of 

the differences between Indigenous and non-Indigenous communities can aid in planning, 

resource allocation, and determination of appropriate interventions. 

2.2.5 Declarations 

2.2.5.1 Funding  

Funding for this protocol was provided through scholarships from the Ontario Veterinary 

College (K. Bishop-Williams) and the Ontario Graduate Scholarship program (K. 

Bishop-Williams). 

2.2.5.2 Acknowledgements 

The authors wish to thank Ali Versluis, University of Guelph Library, for her time 

and expertise contributed to this protocol.  
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Chapter 2.3: Implications of climate change on acute 

respiratory infections for Indigenous Peoples: A systematic 

review 

2.3.1 Abstract 

Objectives:  

Climate change results in changes to seasonal and meteorological parameters, which may 

influence acute respiratory infections ARI rates, including in Indigenous populations. 

This study investigated associations between season or meteorological parameters and 

ARI for Indigenous and non-Indigenous peoples. 

Methods: 

A systematic search of the literature was conducted in PubMed® and Science Citation 

Index®. Two independent reviewers conducted eligibility screening using criteria 

developed a priori: first the titles and abstracts were screened, followed by full article 

texts. Data extraction and risk-of-bias assessments were performed and descriptive 

statistics calculated.  

Results: 

Following de-duplication and screening, 12 studies were included. Populations, 

environmental exposures, and ARI outcomes varied substantially across studies. The 

magnitude and/or direction of associations between ARI and season or meteorological 

parameters significantly differed in 10 of 12 studies for Indigenous peoples.  
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Conclusions: 

These findings suggest that climate change might differentially impact ARI in Indigenous 

and non-Indigenous peoples.   

Keywords:  

Systematic review, respiratory infection, Indigenous peoples, season, meteorological 

parameters, climate change  

2.3.2 Introduction  

Acute respiratory infections (ARI) are climate-sensitive diseases that are a leading 

cause of medical visits and hospitalization globally (Mulholland 2003; Nair et al. 2013a) 

and a leading cause of death (Walker et al. 2013). ARI is commonly defined as an acute 

infection of the respiratory tract lasting fewer than 14 days, with coughing as a primary 

symptom (Hall et al. 2015).  The frequencies and distribution of ARI are influenced by 

season and meteorological patterns (Pitzer et al. 2015); as such, understanding the 

relationships between climatic characteristics and ARI will be important for protecting 

public health in changing climates (Stocker et al. 2013).  

Frequencies of some types of ARI, such as general ARI may increase in warmer 

seasons (Ho et al. 2018), while others such as respiratory syncytial virus and pneumonia 

may increase during colder seasons (Donaldson 2006; Murdoch et al. 2014). Further, 

some ARIs, such as general pediatric ARI, increase in wet seasons (Gernaat et al. 1998; 

Ho et al. 2018), while other studies have found that general ARI may increase in dry 

seasons (Berrang-Ford et al. 2012). As local climates warm or cool, and/or become wetter 

or dryer, the changes in distribution of ARI may vary geographically (Griffiths et al. 
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2017; Stensballe et al. 2003), as some infections become more frequent and others less 

frequent (De Sario et al. 2013; Donaldson 2006; Mirsaeidi et al. 2016).  

Meteorological parameters are also associated with frequencies of ARI (De Sario 

et al. 2013; du Prel et al. 2009; Pitzer et al. 2015). General ARI admissions (Green et al. 

2015; Ho et al. 2018) and some types of ARI, such as pneumonia (Xu et al. 2014), have 

been positively associated with increasing temperature; yet, in other studies some types 

of ARIs, such as influenza (du Prel et al. 2009), respiratory syncytial virus (du Prel et al. 

2009; Pitzer et al. 2015), adenovirus (du Prel et al. 2009), rhinovirus (du Prel et al. 2009), 

and pneumonia (Hajat et al. 2004; Mirsaeidi et al. 2016), have been negatively associated 

with increasing temperature. As meteorological norms change (Stocker et al. 2013), it is 

anticipated that both pathogen survival and spread, as well as host responses to infection 

(Mirsaeidi et al. 2016) will ultimately alter patterns of ARI pathogenesis (De Sario et al. 

2013; Donaldson 2006; du Prel et al. 2009; Mirsaeidi et al. 2016; Murdoch et al. 2014; 

Pitzer et al. 2015; Stensballe et al. 2003; Ye et al. 2009). 

ARI frequency varies between sub-populations (Nair et al. 2010). For example, 

disease burdens – including the burden of ARI – are often higher among Indigenous 

peoples than non-Indigenous peoples (O'Grady and Chang 2010; O’Grady et al. 2010). 

These high burdens of disease can be exacerbated by climate change (Berrang-Ford et al. 

2012; Clark et al. 2015; Harper et al. 2012; MacVicar et al. 2017). Furthermore, social 

determinants of health differ among sub-populations, and may modify or mediate how 

climate change impacts health outcomes (Manangan et al. 2008; Smith et al. 2014). 

While climate change might further exacerbate existing social gradients in health (Smith 

et al. 2014), it is unclear how the direction and/or magnitude of associations between 
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season or meteorological parameters and health outcomes, such as ARI, might differ 

between sub-populations globally.  

While measures of ARI have previously been synthesized for Indigenous and 

non-Indigenous peoples (Nair et al. 2013b), a systematic review aiming to understand 

how climatic variables might impact ARI for Indigenous and non-Indigenous peoples has 

not been undertaken. Understanding the associations between climate-sensitive diseases, 

such as ARI, and season and meteorological parameters for Indigenous peoples is 

particularly important (Mirsaeidi et al. 2016), because this can provide valuable 

information for targeted planning and adaptation in the health sector (Bishop-Williams et 

al. 2018; Semenza and Menne 2009).  Thus, this review aimed to understand how 

associations between season or meteorological factors and ARI for Indigenous and non-

Indigenous peoples might be impacted globally.  

2.3.3 Methods 

2.3.3.1 Protocol and Registration 

The methods of this study were described in a published protocol (Bishop-

Williams et al. 2017) and registered in the International Prospective Register of 

Systematic Reviews (PROSPERO) Database (#38051). The review is reported using 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 

guidelines (Moher et al. 2015) (Appendix C).  

 

2.3.3.2 Scoping and Consultation Processes 
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 This research was conducted by the Indigenous Health Adaptation to Climate 

Change (IHACC) Research Team, which includes representation from Indigenous 

communities in Canada, Uganda, and Peru (www.ihacc.ca), and which maintains over a 

decade of collaborative partnerships with communities in each region (Berrang-Ford et 

al. 2012; Harper et al. 2011; Hofmeijer et al. 2013). The research contained herein was 

shared formally in poster-sessions at One Health-EcoHealth 2016 (Melbourne, AU) and 

at the Centre for Public Health and Zoonoses Symposium 2017 (Guelph, CA) to elicit 

feedback about the research protocol. Further, consultations about the research protocol 

and search string were had with Indigenous and non-Indigenous research partners in 

Uganda in July 2018. Through this process, we engaged with Indigenous partners to gain 

insights, obtain feedback, and ensure our methods and results were valid and rigorous 

(Gribble and Around Him 2014).  

 

2.3.3.3 Eligibility Criteria 

This review addressed the question: Is the association between seasonal or 

meteorological parameters and ARI the same for Indigenous and non-Indigenous peoples 

who live in the same geographical region? Eligible study designs were primary 

observational studies, including ecological studies, could come from any country, and 

included a portion of the population who were Indigenous and a portion of the population 

within a region who were non-Indigenous based on participant self-identification, 

according to the United Nations Declaration on the Rights of Indigenous Peoples (United 

Nations 2007). All neighbouring Indigenous and non-Indigenous peoples globally were 

eligible for inclusion in the study, to increase the likelihood of identifying literature that 
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met the strict inclusion criteria. We intentionally included global literature as a way to 

understand more broadly the state of ARI research that examines environmental-health 

associations across population sub-groups. The exposure was the association between 

season or meteorological parameters and ARI in Indigenous peoples and the comparator 

was the same measure between season or meteorological parameters and ARI in non-

Indigenous peoples. The effect size of interest was the relative association between ARI 

and season or meteorological parameters in Indigenous and non-Indigenous peoples 

living in the same place. The case definition for ARI was an acute infection (i.e. defined 

by each study’s authors as “acute” or as being resolved in fewer than 14 days) with 

coughing as a symptom, with or without accompanying symptoms (Hall et al. 2015). 

Studies employing any ARI diagnostic method or self-reported illnesses were eligible for 

inclusion. All season types (e.g. defined by temperature or precipitation patterns) and 

meteorological variables were eligible.  

Two types of analyses were eligible for this review: (i) a study that presented two 

models, where one model presented the odds ratio for the association between a seasonal 

or meteorological parameter and ARI for the Indigenous peoples and the second model 

presented the odds ratio for the same association in the non-Indigenous peoples where the 

ratio of odds ratios could later be calculated; and/or (ii) a study that presented a single 

model that included Indigenous identity as a fixed effect and one or more seasonal or 

meteorological parameters as a fixed effect, and included an interaction between the 

Indigenous identity and seasonal or meteorological parameter terms. 
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2.3.3.4 Information Sources and Search 

Studies were identified via three databases (Medline via PubMed®, CAB 

Abstracts/ CAB Direct via CABI©, and Science Citation Index via Web of Science®) 

using a search strategy that comprised population components (i.e. Indigenous and non-

Indigenous Peoples), and climate-health association components (i.e. season or 

meteorological parameters and ARI pathogens or symptoms) (Bishop-Williams et al. 

2017) (Table 2.3.1). A list of terms reflecting Indigenous peoples identifiers globally was 

compiled from multiple sources, complemented by a literature review search string 

including Indigenous peoples (Bartlett et al. 2007), a list of Indigenous peoples by 

continent from the International Work Group for Indigenous Affairs (www.iwgia.org), 

and a list of Indigenous peoples by country from the United Nations Refugee Agency 

(www.refworld.org). The population search terms were highly sensitive, searching for 

broad terms, such as Indigenous, as well as specific population group names. Since the 

review was not restricted by date, historical names for Indigenous peoples were included 

in the search string; however, we excluded returned papers that described research that 

was unethical, harmful to Indigenous peoples, and/or racist. A list of season and 

meteorological parameters was developed via a search of Medical Subject Headings 

(MeSH) terms in PubMed®. A list of ARI terms was developed via a search of MeSH 

terms in PubMed®, and lists of pathogens that primarily cause ARI according to the 

Medical Microbiology Textbook (Dasaraju and Liu 1996) and the Lung Disease 

Alphabetical Listing by the American Lung Association. The search was not limited by 

language, date, or study design.  Further, a snowball search (i.e. a manual check of the 

included study’s references) and citation search (i.e. a search of the studies that later 
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referenced each included study via Google Scholar ©) were conducted. In the databases, 

eligible publication types were articles (i.e. journal articles ≥500 words), government 

reports, non-governmental reports, or graduate or undergraduate theses. 
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Table 2.3.1   

Search string prepared for PubMed ® and Web of Knowledge ® for systematic literature 
review that investigated season and meteorological associations with acute respiratory 
infections (ARI) in Indigenous and non-Indigenous peoples living in the same region, 
where all terms searched were employed as “All Fields” terms. The search string was 
initially published in the protocol (Bishop-Williams et al. 2017). 
 
Search 
Component 

Search Terms 

Population 
†, ††  
 

Aboriginal OR Indigenous OR …[…]††† 

Exposure “atmospheric pressure” OR barometric OR cloud* OR cold OR “dew point” OR heat* OR 
humidity OR meteorolog* OR precipit* OR rain* OR season* OR snow* OR storm* OR 
sunshine OR temperature* OR “UV” OR “UV Index” OR “ultraviolet radiation” OR vapor 
OR warming OR weather OR wind OR winds OR windy  

Comparator -  
Outcome 
(ARI and 
Pneumonia) 
 

“acute chest syndrome” OR “acute respiratory distress syndrome” OR “ARDS” OR 
“bacterial pneumonia” OR “Black Lung Disease” OR bronchitis OR bronchiectasis OR 
bronchiolitis OR “bronchiolitis obliterans organizing pneumonia” OR “BOOP” OR 
“bronchopulmonary dysplasia” OR bronchopneumonia OR byssinosis OR “chest 
infection*” OR congest*  OR coccidioidomycosis OR cocci OR cough* OR “cryptogenic 
organizing pneumonia” OR “flu” OR “Hantavirus Pulmonary Syndrome” OR 
histoplasmosis OR “Human Metapneumovirus” OR “Hypersensitivity Pneumonitis” OR 
Influenza* OR “lower respiratory tract infection” OR “LRTI” OR “LRTIs” OR “lung 
inflammation” OR “MERS” OR “Middle Eastern Respiratory Syndrome” OR 
“mycoplasma” OR “Non-tuberculosis Mycobacterium” OR pertussis OR pleuropneumonia 
OR pneumonconiosis OR pneumocystis OR pneumon* OR pneumophila OR 
“pneumocystis carnii” OR pulmonary OR Respiratory OR “Respiratory distress” OR 
“Respiratory distress syndrome” OR “respiratory tract infection*” OR “RTI” OR “RSV” 
OR “Respiratory Syncytial Virus” OR sarcoidosis OR “severe acute respiratory syndrome” 
OR streptococcus OR “tuberculosis” OR “TB” OR “upper respiratory tract infection*” OR 
“URTI” OR “URTIs” OR wheez* OR “viral pneumonia” 

 
† The following terms were not found in PubMed ®: Aboriginal-Malay, al-Asarmeh, al-Ramadin, al-
Rshaida, Kichwe, chalchiteco, Chao-Khao, hodaabe, Enlhet, jivi, Ju'hoansi, kalina-go, Khali'nago, Khudro, 
Nrigoshthhi, Matguayo, oakhwe, Nandevi, Tjerdi, ocanxiu, Tavytera, Q'anjob'al, sakapulteco, sipakapense, 
Sumu-Mayangna, tikigaq, Maskoy, Tuvin-Todjin, tyua, ureueu-wau-wau, waaniy-a-laato, yvytoso, akateco.  
†† The search is designed to be broad, starting with broad terms that are typically used to search for 
Indigenous populations (presented in this table). Specific population terms were added to increase the 
sensitivity of the search string, attempting to not miss any relevant literature (presented in Appendix I). 
Since the study was not restricted by date, historical terms for Indigenous groups were included. In doing 
so, we do not wish to perpetuate any derogatory terms or stereotypes, but rather, aim to include the most 
comprehensive search of the literature. As such, articles that described research that was racist, harmful to 
Indigenous peoples, and/or unethical were excluded from this review. 
†††The full search string can be found in the appendix. Broad search strings are presented in this table, and 
individual group names derived from the International Work Group for Indigenous Affairs (IWGIA; 
www.iwgia.org) and the United Nations Refugee Agency (www.refworld.com) are presented in Appendix 
I. 
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2.3.3.5 Study Selection 

Screening of studies was conducted in DistillerSR ® (Evidence Partners, Ottawa, 

Canada) using screening forms created for this review. First, two reviewers 

independently screened the title and abstract of each citation. Then, potentially relevant 

citations proceeded to a second level of screening, where two reviewers independently 

screened the full article text. Reviewers had graduate-level training in epidemiology and 

systematic literature review processes. Screening forms were pretested on 10% of studies 

(i.e. since n ≤50, as per the study protocol). Conflicts were resolved by consensus and 

when disagreement could not be resolved, a third reviewer arbitrated.  

2.3.3.6 Data Collection Process and Data Items 

Data extraction was conducted in DistillerSR ® by two independent reviewers 

with graduate-level training in epidemiology and systematic literature review processes. 

Data extraction forms were pretested in 10% of included studies and conflicts were 

resolved by consensus. When consensus could not be reached, a third reviewer arbitrated 

discussions. Categories of data extraction included study identifiers, study design, 

participant information, seasonal or meteorological parameters, ARI characteristics, 

associations between season or meteorological parameters and ARI, and analytical 

information (Appendix D). A list of all confounders controlled for in analyses was 

extracted, including whether confounders of interest (i.e. gender, age, and socioeconomic 

status, as determined by the literature and causal diagrams created a priori) were 

controlled for.  

2.3.3.7 Risk of Bias in Individual Studies and Across Studies 
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A risk-of-bias (ROB) assessment tool was adapted from the Risk of Bias in Non-

Randomized Studies of Interventions (ROBINS-I (Sterne et al. 2016); Appendix D). 

Changes included additional questions to consider ecological study designs and repeated 

measures, and removal of questions related to experimental intervention. Nine categories 

were evaluated. Five of the nine categories used one question to determine the ROB 

while the other four used two or more questions. For categories of the ROB assessment 

that used more than one question, a score of high ROB for any question led to a high 

ROB for the category.  If there was no question scored as high, then the majority score 

(i.e. low or unclear) was determined as the overall ROB level. Two independent 

reviewers conducted the ROB assessment in conjunction with data extraction in 

DistillerSR ®. Summaries of the ROB by category (i.e. counts per category across 

studies) were reported.  

2.3.3.8 Summary Measures, Synthesis of Results, and Additional Analyses 

Analyses were conducted in STATA© (Stata Corp, College Station, USA) and R 

Spatial and Maptools packages (R Foundation, Vienna, Austria).  Descriptive statistics 

were conducted, then spatial data related to the region of study and climate zones of 

interest (e.g. study location has a latitude defined as tropical: 0-24°N or 0-24°S; 

temperate: 25-60°N or 25-60°S; or circumpolar: >60°N or >60°S) were assessed using 

point maps. The a priori protocol included plans to conduct meta-analysis (Bishop-

Williams et al. 2017); however, the data did not support this analysis or an evaluation of 

small study effects. Finally, analyses included descriptive statistics on each domain (i.e. 

criteria) of the ROB assessment.  
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2.3.4 Results  

 Four protocol deviations were made during this review process: (i) the CAB 

Direct© database was removed from the search strategy due to technical and logistical 

considerations; (ii) relevant papers that presented their findings as incidence rates or 

incidence rate ratios were included in the numerical results (i.e. extended beyond odds 

ratios); (iii) relevant papers that did not present their findings in numerical form were 

included in the descriptive results (i.e. described disease in context of season or 

meteorological parameters for Indigenous and non-Indigenous peoples; allowed inclusion 

of interactions measured on an additive scale, rather than only multiplicative (e.g. rate 

differences)); and (iv) the percent agreement, Maxwell’s Random Error, and positive and 

negative agreement, in addition to Kappa calculations, were reported for level 1 and level 

2 screening. The details of these deviations, as well as rationale and implications are 

reported in Appendix E.  

2.3.4.1 Included Literature  

The search returned 3,098 citations on October 1, 2017, and a total of 12 articles 

were included in the final review (Figure 2.3.1). The main reason for exclusion in full-

text screening was an ineligible comparator population (i.e. the study did not include 

season-ARI or meteorological-ARI associations for both Indigenous and non-Indigenous 

peoples in nearby communities) (Figure 2.3.1). The reviewers had high levels of 

agreement in both level 1 (99.2%) and level 2 (96.2%), which were represented by Kappa 

scores of 0.62 and 0.97, respectively (Appendix F).  
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Figure 2.3. 1  
Preferred Reporting Items for Systematic Literature Reviews and Meta-Analyses 
(PRISMA) flow diagram outlining the selection of relevant literature related to season 
and meteorological associations with acute respiratory infections (ARI) in Indigenous and 
non-Indigenous peoples living in the same region (Adapted From PRISMA 2009 (Moher 
et al. 2009)).  
 

2.3.4.2 Populations, Exposures, and Outcomes 

The Indigenous peoples in the identified literature were Aborigines (n=5 studies), 

Torres Strait Islander (n=3 studies), Bedouin (n=2 studies), Maori (n=2 studies), Pacific 
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Islander (n=2 studies), American Indians (n=1 study), First Nations (n=1 study), Inuit 

(n=1 study), and Métis (n=1 study), with one study using the term ‘Indigenous’, rather 

than a more specific description. In total, 1,200,593 participants were included in the 12 

studies, of whom 13,228 (6.6%) were Indigenous peoples. Proportions of Indigenous 

participants in the studies ranged from 3.1% to 68.1% (Table 2.3.2). Proportions of sex, 

age, and socioeconomic status for Indigenous and non-Indigenous peoples in the studies 

were reported in five studies. Of those five studies, four studies reported significant 

differences in demographic proportions for Indigenous and non-Indigenous sub-

populations (Table 2.3.2).  

 The environmental exposures investigated in the studies varied (Table 2.3.2); the 

most common environmental exposure was season (n=9 studies), followed by 

temperature (n=4 studies).  Environmental exposures were measured on temporal cycles 

that ranged in length from daily to seasonal. Seasons were primarily defined by calendar 

dates (n=8 studies), and meteorological data were primarily collected from databases 

(n=3 studies). 

 A variety of types of ARI were studied (Table 2.3.2); the most common ARIs 

studied were pneumonia (n=3 studies), influenza (n=3 studies), and generalized ARI (n=2 

studies). There were a total of 16,209 ARI cases amongst the studies. Nine studies 

directly compared ARI frequencies in Indigenous peoples to non-Indigenous peoples; all 

nine of these studies reported significantly (i.e. p≤ 0.05) higher odds, risks, or rates of 

ARI among Indigenous peoples than the non-Indigenous peoples. 
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Table 2.3.2 Characteristics of populations, exposures, and disease outcomes of studies included in a systematic review investigating 
season and meteorological associations with acute respiratory infections (ARI) in Indigenous and non-Indigenous peoples living in the 
same region.  
 

Study 
Study 
per. 

Location Population characteristics Disease characteristics Season or 
meteorological 
parameter exposure 
(multiple exposures 
separated by 
commas) Location Population 

Proportion 
identified as 
Indigenous 

(%) 

Comparison 
of sex 
distribution 

Comparison 
of 
household 
income 

Comparison 
of age 
distribution 

Respiratory 
outcome(s)*
* 

Source of case 
definitions 

Homaria et 
al. 2016  

01/ 
2001 
– 12/ 
2010 

Sydney, 
AU 

Aborigines 
and Torres 
Strait 
Islander 

3.1 Similar 
proportions, 
not 
statistically 
compared 

Lower 
among 
Indigenous 
participants
* 

− Respiratory 
syncytial virus 
(RSV) 
hospitalization  

ICD 10 First half of RSV 
season (April 1 to 
June 30, yes or no) 

Green et al. 
2015  

01/ 
1993 
– 12/ 
2011 

Sydney, 
AU 

Aborigines 
and Torres 
Strait 
Islander 

− − − − Acute 
respiratory 
disease 

− Cold extreme (≤10th 
percentile), hot 
extreme (≥90th 
percentile), cold days 
(any day below cold 
extreme), hot days 
(any day above hot 
extreme) 

Xu et al. 
2014  

01/ 
2001 
– 12/ 
2010 

Brisbane, 
AU 

Not 
specified 

− − − − Pneumonia  ICD 9 Temperature, heat 
waves (≥2 days above 
95th percentile), cold 
spells (≥2 days below 
5th percentile) 

Schaffer et 
al. 2012  

01/ 
2007 
– 12/ 
2010 

North 
Sydney, 
AU 

Aborigines 
and Torres 
Strait 
Islander 

− − − − Pandemic 
influenza 
related to 
influenza 
hospitalization, 
pneumonia, 
respiratory 
illness 

ICD 10 Season (pandemic 
influenza season 
yes/no) 

Annamalay 
et al. 2012  

01/ 
1999 
– 12/ 
2004 

Perth, AU Aborigines 47.3 − − − Human 
rhinovirus 
infection 

Laboratory Season (summer, 
autumn, winter, 
spring) 
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Rolland-
Harris et al. 
2012  

04/ 
2009 
– 04/ 
2010 

Ottawa, 
CA 

First 
Nations, 
Inuit, and 
Métis 

12.2 Both groups 
100% 
female 

− − Pandemic 
influenza 

ICD 10 Seasonal waves (wave 
1: April 12- Aug 29, 
2009; wave 2: Aug 
20, 2009 to April 10, 
2010) 

Gosai et al. 
2009   

01/ 
1994
—12/ 
2004 

Auckland, 
NZ 

New 
Zealand 
Maori and 
Pacific 
Islander 

− − − − Total 
respiratory 
infections, 
inflammation, 
total whooping 
cough, acute 
bronchiolitis 

New 
Zealand 
Reporting 
Guidelines 

Minimum 
temperature, rainfall 

Moore et al. 
2009  

05/ 
1997 
– 12/ 
2005 

Perth, AU Aborigines 10.9 − − Younger 
among 
Indigenous 
participants
* 

RSV, influenza 
A and B, 
parainfluenza 1-
3, adenovirus 

Laboratory Season (summer, 
autumn, winter, 
spring) 

Fraser et al. 
2001  

01/ 
1989 
– 12/ 
1998 

Negrev, 
IS 

Bedouin 68.1 − − − Invasive 
pneumococcal 
disease 

Laboratory Season (summer, 
autumn, winter, 
spring) 

Grant et al. 
1998 

07/ 
1993 
– 06/ 
1996 

Auckland, 
NZ 

Maori and 
Pacific 
Islander 

59.8 − − Younger 
among 
Indigenous 
participants
* 

Pneumonia ICD 9 Season (summer, 
autumn, winter, 
spring) 

Ward et al. 
1986   

01/ 
1980 
– 12/ 
1982 

Torrence, 
USA 

Inuit, 
American 
Indians 

16.0 More males 
among 
Indigenous 
participants
* 

− Younger 
among 
Indigenous 
participants
* 

Haemiphilus 
influenza type 
B 

Laboratory 
or 
symptomatic 

Season (seasonal 
peaks) 

Rosenthal 
et al. 1988  

01/ 
1981 
– 12/ 
1985 

Negrev, 
IS 

Bedouin − − − − Bacterial 
meningitis 

Laboratory Season (summer, 
autumn, winter, 
spring) 

* Indicates a significant difference between Indigenous and non-Indigenous peoples. 
** Pneumonia and meningitis were considered an acute respiratory infection when the case definition provided by the study’s authors met the inclusion criteria 
for the literature review (i.e. defined as “acute” or defined as lasting ≤14 days with coughing as a primary symptom).	
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2.3.4.3 Spatial Distribution of Studies 

 The 12 included studies came from five countries (Australia (n=6 studies), Israel 

(n=2 studies), New Zealand (n=2 studies), Canada (n=1 study), and the United States 

(n=1 study); Appendix G). Most studies were conducted in a temperate zone (n=11 

studies), and fewer were conducted in circumpolar (n=2 studies) or tropical climate zones 

(n=1 study). Most studies were localized to a city (n=6 studies) or a region (e.g. state or 

province; n=5 studies), while one study was conducted at the national level.  

2.3.4.4 Analytical Methods Reported 

Some studies conducted several analyses. The most common statistical tests or 

analytical techniques used were descriptive statistics (i.e. either alone or as part of a 

larger analysis) (n=9 studies), followed by temporal analyses (n=4 studies) and/or chi-

square tests (n=4 studies; Table 2.2.3). Three studies investigated associations of ARI 

with season or meteorological parameters for Indigenous and non-Indigenous peoples. 

These three studies presented two group-specific models for the association between ARI 

and season or meteorological parameters. Two studies presented results with incidence 

rates: one study presented two group-specific models for the association between ARI 

and season or meteorological parameters and one study presented a single model that 

included an interaction between Indigenous identity and a seasonal or meteorological 

parameter. Seven other studies described a variety of techniques, such as chi-square tests, 

to examine associations of ARI with season or meteorological parameters for Indigenous 

and non-Indigenous peoples. 
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Table 2.3.3 Type of analyses used within included studies and corresponding direction and magnitude of associations found between 
seasonal and meteorological exposures and acute respiratory infections (ARI) in Indigenous and non-Indigenous peoples living in the 
same region. 

Study 

Disease Analyses 
Direction and magnitude of 
association(s) among Indigenous 
population (95% Confidence 
Interval) 

Direction and magnitude of 
association(s) among non-Indigenous 
population (95% Confidence Interval) 

Respiratory 
Outcome(s) Type 

Consideration 
of lags (length 
in days) 

Presentation 
of results  

Homaria et 
al. 2016  

Respiratory 
syncytial virus 
(RSV) 
hospitalization 

Descriptive 
statistics, 
hazard 
model 
analysis 

– A pair of two 
group-
specific 
models 

↑ 1.63 (1.41 to 1.91) times risk during 
first half of RSV season 

High risk non-Indigenous: ↑ 1.30 (1.18 to 
1.44) times risk during first half of RSV 
season 

Standard risk non-Indigenous: ↑ 1.35 
(1.24 to 1.47) times risk during first half 
of RSV season 

Green et al. 
2015  

Acute 
respiratory 
disease 

Descriptive 
statistics, 
Poisson 
regression 

Lags of 
1,2,3,5,7,10 

Other 
comparisons 
used 

↑ 1.00-1.10 times rate for males and 
females 0-9 years on cold days in Top-
end climate zone with no lag 

↑ 1.35-1.45 times for males and females 
0-9 years on cold days in Top-end climate 
zone with no lag and 1-day lag* 

↑ 1.1-1.3 times rate for males and 
females 0-9years on cold days in 
Central Australia climate zone with lags 
up to 10 days* 

↓ 0.6-0.8 times rate for males and females 
0-9 years on cold days in Central 
Australia climate zone with lags up to 10 
days* 

↑ 1.55 times rate for males and ↓ 0.90 
times rate for females 0-9years on cold 
days in Top-end climate zone with 10-
day lag* 

↑ 1.0-1.15 times rate for males and 
females 0-9years on cold days in Top-end 
climate zone with 10-day lag 

No changes in rate for males and 
females aged 10-34 years on cold days 
in Central Australia  

No changes in rate for males and females 
aged 10-34 years on cold days in Central 
Australia 

↑ 1.3-1.4 times rate for males (but not 
females) aged 35 years or more on cold 
days in Top-end climate zone with 3 to 
5-day lag* 

↑ 1.2-1.3 times rate for males (but not 
females) aged 35years or more on cold 
days in Top-End climate zone with 3 to 
10-day lag* 

↑ 1.35-1.40 times rate for males and 
females 0-9years on hot days in Central 
Australia with 10-day lag* 

No changes in rate for males and females 
0-9years on hot days in Central Australia 
with 10-day lag 
 

↓ 0.65-0.95 times rate for males and 
females aged 35 years or more on hot 

↓ 0.75-0.85 times rate for males and 
females aged 35 years or more on hot 
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days in Top-end climate zone with 7-
day lag* 

days in Top-end climate zone with 7-day 
lag* 

Xu et al. 
2014  

Pneumonia  
 

Poisson 
regression, 
temporal 
analyses 

Lags of 
1,13,21 

A pair of two 
group-
specific 
models 

↑ 1.13 (0.58 to 2.21) times risk for heat 
effects with 0 to 1-day lag 

↑ 1.07 (0.91 to 1.26) times risk for heat 
effects with 0 to 1-day lag 

↑ 1.92 (0.74 to 4.98) times risk for heat 
effects with 0 to 13-day lag 

↑ 1.25 (0.87 to 1.80) risk odds for heat 
effects with 0 to 13-day lag 

↑ 4.20 (1.03 to 8.16) times risk for heat 
effects with 0 to 21-day lag* 

↑ 1.57 (0.97 to 2.54) times risk for heat 
effects with 0 to 21-day lag 

↓ 0.80 (0.45 to 1.41) times risk for cold 
effects with 0 to 1-day lag 
↓ 0.79 (0.20 to 3.55) times risk for cold 
effects with 0 to 13-day lag 

↓ 0.90 (0.78 to 1.04) times risk for cold 
effects with 0 to 1-day lag 
↑ 1.36 (0.94 to 1.96) times risk for cold 
effects with 0 to 13-day lag 

↑ 1.46 (0.23 to 9.25) times risk for cold 
effects with 0 to 21-day lag 

↑ 2.89 (1.77 to 4.71) times risk for cold 
effects with 0 to 21-day lag* 

Overall, Indigenous children were more 
sensitive to heat 

Overall, non-Indigenous children were 
more sensitive to cold 

Schaffer et 
al. 2012  

Pandemic 
influenza 
related to 
influenza 
hospitalization, 
pneumonia, 
respiratory 
illness 

Temporal 
analyses 

– Other 
comparisons 
used 

↑ 10.86 (10.58 to 11.13) times rate 
difference per 100,000 in pandemic 
season for influenza (only)* 

↑ 2.56 (2.52 to 2.59) times rate difference 
per 100,000 in pandemic season for 
influenza (only)* 

↑ 17.15 (15.45 to 18.85) times rate 
difference per 100,000 in pandemic 
season for influenza/ pneumonia* 

↑ 0.98 (0.41 to 1.55) times rate difference 
per 100,000 in pandemic season for 
influenza/ pneumonia 

↑ 17.01(14.39 to 19.64) times rate 
difference per 100,000 in pandemic 
season for all respiratory* 

↓ 0.76 (0.043 to 1.48) times rate 
difference per 100,000 in pandemic 
season for all respiratory 

Annamalay 
et al. 2012  

Human 
rhinovirus 
infection 
 

Descriptive 
statistics, 
chi-square 
tests 

– A pair of two 
group-
specific 
models  

↓ 0.98 (0.51 to 1.89) times odds in 
autumn than in summer 

↑ 1.39 (0.64 to 3.04) times odds in 
autumn than in summer 

↓ 0.76 (0.45 to 1.29) times odds in 
winter than in summer 

↑ 1.96 (0.98 to 3.92) times odds in winter 
than in summer 

↓ 0.77 (0.45 to 1.32) times odds in 
spring than summer 

↑ 1.44 (0.66 to 3.13) times odds in spring 
than summer 

Rolland-
Harris et al. 
2012  

Pandemic 
influenza 

Descriptive 
statistics, 
temporal 
analyses 

– Other 
comparisons 
used 

37.3% of cases in wave 1 (April 12 to 
August 29, 2009) were among pregnant 
Indigenous women while 9.8% of cases 
in wave 2 (August 20, 2009 to April 3, 
2010) were among pregnant Indigenous 

62.7% of cases in wave 1 (April 12 to 
August 29, 2009) were among pregnant 
non-Indigenous women while 90.2% of 
cases in wave 2 (August 20, 2009 to April 
3, 2010) were among pregnant non-
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women* Indigenous women* 

Gosai et al. 
2009  

Total 
respiratory 
infections, 
inflammation, 
total whooping 
cough, acute 
bronchiolitis 

Descriptive 
statistics, 
Pearson 
correlations, 
analysis of 
variance 

Lags of 
1,2,3,4,5,6,7 

A pair of two 
group-
specific 
models 

↑ 3 times rate of respiratory infections 
and inflammation in winter than 
summer for New Zealand Maori* 

↑ 2 times rate of respiratory infections 
and inflammation in winter than summer 
for European descent*  

↑ 3.5 times rate of respiratory infections 
and inflammation in winter than 
summer for Pacific Islander* 

 

↑ 4 times rate of whooping cough and 
acute bronchiolitis in winter than 
summer for New Zealand Maori*  

↑ 7.5 times rate of whooping cough and 
acute bronchiolitis in winter than summer 
for European descent* 

↑ 4 times rate of whooping cough and 
acute bronchiolitis in winter than 
summer for Pacific Islander* 

 

No changes in rate of any ARI with 
increased rainfall after sorting by 
ethnicity 

No changes in rate of any ARI with 
increased rainfall after sorting by 
ethnicity 

Moore et al. 
2009  

RSV, influenza 
A and B, 
parainfluenza 1-
3, adenovirus 
 

Descriptive 
statistics, 
logistic 
regression, 
harmonic 
analysis 

– A single 
model that 
included an 
interaction 
term 

The seasonal peak for RSV occurred 
earlier (June) in children ≤12 months 
than older children (July)* 

The seasonal peak for RSV occurred 
earlier (June) in children ≤12 months than 
older children (July)* 

A significant interaction between 
Indigenous status and season was 
observed in the Influenza model* 

A significant interaction between 
Indigenous status and season was 
observed in the Influenza model* 

Influenza seasonality was bi-modal* Influenza seasonality had a single peak* 

In the final influenza model, a 
significant three-way interaction 
between Indigenous status, years with 
early peaks, and seasonal sine and co-
sine terms was identified; however, this 
eliminated the bi-modal seasonal 
pattern* 

 

Parainfluenza 1 and 3 had alternate 
biennial peaks; however, seasonal 
models were not improved with the 
addition of an interaction term between 
Indigenous status and season 

Parainfluenza 1 and 3 had alternate 
biennial peaks; however, seasonal models 
were not improved with the addition of an 
interaction term between Indigenous 
status and season 
 

Adenovirus seasonal models were not Adenovirus seasonal models were not 
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improved with the addition of an 
interaction term between Indigenous 
status and season 

improved with the addition of an 
interaction term between Indigenous 
status and season 

Fraser et al. 
2001  

Invasive 
pneumococcal 
disease 

Logistic 
regression 

– Other 
comparisons 
used 

Invasive disease was unrelated to 
season among Indigenous children 

Invasive disease was significantly higher 
from December to February and 
significantly lower from June to August 
among non-Indigenous children* 

Clinical conditions had varying 
seasonality among Indigenous children: 
meningitis incidence was highest in the 
fall while pneumonia was lowest, and 
the incidence of pneumonia was highest 
in the summer when meningitis was 
lowest* 

All clinical conditions (i.e. severity) had 
similar seasonal patterns 

Grant et al. 
1998   

Pneumonia 
 

Descriptive 
statistics, 
chi-square 
tests 

– Other 
comparisons 
used 

31% of hospitalizations among Pacific 
Island children and 25% among Maori 
children occurred in August* 

24% of hospitalizations among 
European/other children occurred in 
August* 

77% of hospitalizations among Pacific 
Island children and 79% among Maori 
children occurred from July to 
December 

77% of hospitalizations among European/ 
other children from July to December 

Ward et al. 
1986  

Haemiphilus 
influenza type B 

Descriptive 
statistics, 
chi-square 
tests, 
Fisher’s 
exact test, 
Mantel-
Haenszel 
test, 
Wilcoxon 
sum rank 

– Other 
comparisons 
used 

Disease onset was bimodal, highest 
from March to April and from 
September to October, and lowest in 
July* 

Disease onset was bimodal, highest from 
March to April and from September to 
October, and lowest in July* 

The autumn peak was absent among 
American Indians* 

Rosenthal 
et al. 1988  

Bacterial 
meningitis 

Descriptive 
statistics, 
chi-square 
tests, 
temporal 
analyses 

– Other 
comparisons 
used 

Bacterial meningitis was highest in 
summer and fall* 

Bacterial meningitis was highest in 
summer and fall* 

* Indicates significant association for population of interest.  Confidence intervals are stated when provided by the authors of original studies. When no confidence interval was 
provided as asterisk was used to mark other statements of significance (e.g. p-value), according to the original studies.	
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2.3.5 Associations Between Seasonal or Meteorological Parameters and ARI 

for Indigenous and non-Indigenous Peoples  

Ten of the 12 studies reported one or more statistically significant difference(s) in 

ARI patterns and/or associations of ARI with seasonal or meteorological parameters for 

Indigenous and non-Indigenous peoples (Table 2.3.3, Figure 2.3.2). The direction and/or 

magnitude of the differences varied among studies. Nine studies investigated differences 

in seasonal distributions or associations of seasons with ARI, and three studies 

investigated differences in meteorological associations with ARI. 
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Figure 2.3.2 Relationships between season or meteorological parameters and ARI for 
studies included in a systematic literature review. 
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Of the nine studies that investigated the relationship between seasonality and ARI 

for Indigenous and non-Indigenous peoples in the same region, eight reported some 

different seasonal patterns between the two groups. All studies that defined season by 

disease season (i.e. the time of year with recurring increases in disease rates) reported that 

the risk or rate of disease was higher among Indigenous peoples than non-Indigenous 

peoples during the disease season; however, the difference was only significant in two of 

these studies (Rolland-Harris et al. 2012; Schaffer et al. 2012). Three studies that defined 

season by temperature patterns reported that Indigenous peoples were more susceptible to 

ARI in warmer seasons (i.e. had higher measures of disease frequency in the warm 

season) compared to non-Indigenous peoples (Annamalay et al. 2012; Rolland-Harris et 

al. 2012; Rosenthal et al. 1988); and one study reported that Indigenous peoples were 

more susceptible to ARI during colder seasons compared to non-Indigenous peoples 

(Grant et al. 1998). Three studies reported that seasonal models (e.g. unimodal, bimodal) 

were different for Indigenous and non-Indigenous peoples (Fraser et al. 2001; Moore et 

al. 2009; Ward et al. 1986).  

Of the three studies that investigated relationships between meteorological 

parameters and ARI for Indigenous and non-Indigenous peoples living in the same 

region, all reported different associations between the two groups. All three of these 

studies investigated temperature effects (Gosai et al. 2009; Green et al. 2015; Xu et al. 

2014). Specifically, one study found that heat was associated with an increased rate of 

ARI in Indigenous children and that cold was associated with an increased rate of ARI in 

both Indigenous and non-Indigenous children and adults, but the magnitude of these 

associations varied (Green et al. 2015). Another study reported that temperature was 
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associated with the risk of ARI in both Indigenous and non-Indigenous children; 

however, the direction of the association differed (Xu et al. 2014). Finally, one study 

reported that cold temperatures were associated with increased rates of ARI in both 

Indigenous and non-Indigenous peoples; however, the rate of general ARI increased more 

substantially due to cold temperatures for Indigenous peoples and the rate of total 

whooping cough and acute bronchitis increased more substantially due to cold 

temperatures for the non-Indigenous peoples (Gosai et al. 2009).  

2.3.4.6 Meta-Analysis and Between Study Heterogeneity  

Studies must investigate the same ARI outcome, environmental exposure, and 

Indigenous and non-Indigenous peoples to be appropriately combined in meta-analysis. 

No studies had sufficient similarities to warrant meta-analysis (Table 2.3.2); thus, 

between-study heterogeneity and small study effects could not be investigated.  

2.3.4.7 Risk of Bias Analysis 

Overall, eight studies had low ROB, four studies had unclear ROB, and zero 

studies had high ROB. The majority of studies had a low ROB for three of the nine 

domains of ROB, one domain had the majority of studies with a high ROB, while four of 

the domains had the majority of studies with unclear (i.e. could not be determined) ROB, 

and one domain was primarily not applicable (Table 2.3.4, Appendix H).  
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Table 2.3.4 

Summary of the Risk of Bias (ROB) assessment for 12 studies included in the systematic literature review investigating season and 
meteorological parameter associations with acute respiratory infections (ARI) in Indigenous and non-Indigenous peoples living in the 
same region. 
Study Matching 

periods of 
study 

Participant 
inclusion  
1. Definition 
of Indigenous 
2. Individual 
measures 

Participant 
representativeness 
1. Inclusion same 
across populations 
2. Rationale for 
choice 

Environmental 
exposure  
1. Clearly defined 
2. Appropriate 
measure 
3. Affected by 
outcome	

ARI definition 
and outcome 
1. Clearly 
defined 
2. Affected by 
exposure		

Consideration 
of 
confounders 

Missing 
data  

Loss to 
follow-up/ 
Non-
response 
bias  

Reported 
Results 

Overall 
ROB 

Homaria et 
al. 2016  

L L U L L H L N/A L L 

Green et al. 
2015  

L U H L H L U N/A L L 

Xu et al. 
2014  

L U U L L L U N/A L L 

Schaffer et 
al. 2012  

L L U L L H U N/A L L 

Annamalay 
et al. 2012  

L U U L L H U U L U 

Rolland-
Harris et al. 
2012   

L L U L H H H N/A L L 

Gosai et al. 
2009  

L U U L H H U N/A L U 

Moore et al. 
2009  

L L U L L H L N/A L L 

Fraser et al. 
2001  

L L L U L H U N/A L U 

Grant et al. 
1998   

L L U L L H L N/A L L 

Ward et al. 
1986  

L U L H H H U N/A L U 

Rosenthal 
et al. 1988  

L U H L L H U N/A L L 

TOTAL 12L 6L 
6U 

2L 
2U 
8H 

10L 
1U 
1H 

8L 
4H 

2L 
10H 

3L 
8U 
1H 

1U 
11N/A 

12L 8L 
4U 

*For studies where category of the ROB was not applicable for (e.g. loss to follow-up if no follow-up was conducted), a score of “not applicable” was given rather than “unclear.”  
Legend: L= Low ROB; H= High ROB; U= Unclear ROB; N/A= Not applicable to ROB. 
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2.3.5 Discussion  

Available literature investigating associations between season or meteorological 

parameters among Indigenous and non-Indigenous peoples was limited. All 12 of the 

included studies were published in English and came from five countries, all of which are 

considered high-income countries. It is possible that this reflected the terms used in the 

search strategy; however, the search was conducted without language or date restrictions. 

It is more likely that the strict search criteria (i.e. given the specificity of the research 

question) explains this result, since only studies that reported a statistical comparison of 

ARI of neighbouring Indigenous and non-Indigenous peoples were included in this 

review.   

All but two included studies (Annamalay et al. 2012; Homaira et al. 2016) 

identified one or more significant relationships between ARI and season or 

meteorological parameters that differed among Indigenous and non-Indigenous peoples. 

The way that associations differed for Indigenous and non-Indigenous peoples varied; in 

some studies, the direction differed (Annamalay et al. 2012; Green et al. 2015; Schaffer 

et al. 2012), in some studies the magnitude differed (Gosai et al. 2009; Green et al. 2015; 

Homaira et al. 2016; Schaffer et al. 2012; Xu et al. 2014), and in other studies the 

seasonal models varied across peoples groups (Fraser et al. 2001; Grant et al. 1998; 

Moore et al. 2009; Rolland-Harris et al. 2012; Rosenthal et al. 1988; Ward et al. 1986). 

These findings underscore heterogeneity in the vulnerability of ARI to meteorological 

variation and seasonality in different contexts, and provide further evidence that climate 
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change impacts the health of sub-populations differently (Berrang-Ford et al. 2012; Ford 

et al. 2018; MacVicar et al. 2017; Smith et al. 2014). 

Understanding how climate change impacts sub-populations is necessary for 

climate-health adaptation, to prepare group-specific adaptation plans to address different 

needs under various climate change scenarios (Berrang-Ford et al. 2016), and in different 

contexts (Smit and Pilifosova 2003). Climate change adaptation planning for the health 

sector that considers population sub-groups and the potential for effect modification or 

mediation may be a logical next step for community-based climate change adaptation for 

the health sector (Bishop-Williams et al. 2018; Ebi and Semenza 2008; Ford et al. 2018).  

It is important to note the heterogeneity of Indigenous peoples globally. Indeed, 

one region or community is not inherently representative of all Indigenous peoples; the 

diversity among Indigenous peoples should not be understated. However, through our 

review, we highlight the value of sub-population analyses to better inform health-related 

climate change adaptation strategies. While restrictions for date and language were not 

used, English search terms and the indexing of the databases may have restricted search 

results. The PubMed© database is indexed from 1940 onward and searches English 

abstracts for non-English articles when available (PubMed 2018), possibly missing 

earlier and non-English publications. The Web of Science© database displays results in 

English; however, searches are initially conducted in all languages (Clarivite Analytics 

2018). Despite the highly sensitive population terms in the search string, it is possible that 

databases missed relevant literature due to translating non-English Indigenous peoples 

names to Latin characters. The use of a very sensitive search string, a hand search (i.e. 

search of the citations of included studies) and citation search (i.e. search for studies that 
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later cited included studies) should have minimized the likelihood of missing relevant 

studies. While grey literatures were eligible publication types, databases may not 

comprehensively index these publication types; however, due to the strict inclusion 

criteria for comparing associations across two populations, it is possible that other reports 

would not have been eligible for this review.  

2.3.6 Conclusions 

 The literature base on season and meteorological associations for Indigenous and 

non-Indigenous populations living in the same region is nascent and currently does not 

include research in low-resource countries. The health impacts of climate change may be 

different for Indigenous and non-Indigenous peoples living in the same region, despite 

experiencing similar environmental changes. Understanding how sub-populations 

modifies or mediates relationships between season or meteorological parameters and ARI 

can inform more intentional and targeted Indigenous-specific climate change adaptation 

planning for the health sector. A deeper and more nuanced local understanding of climate 

change impacts on Indigenous peoples’ health, and specifically ARI, in low-income 

countries should be prioritized in future work.   
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Understanding weather and hospital 
admissions patterns to inform climate 

change adaptation strategies in the 
healthcare sector in Uganda 
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3.1 Situating this Chapter Within the Thesis Dissertation 
 

Season and meteorological parameters may influence the incidence of climate-sensitive 

diseases; however, understanding the associations between season and meteorological 

parameters and all-cause hospital admissions is important to understand the underlying 

patterns of access to hospital-based care. This is particularly important in low-resource 

settings, where substantial barriers exist to accessing care, and access to healthcare varies 

across social gradients, such as socio-economic status, Indigenous identity, age, and 

gender.  

 

This chapter moves the thesis from the investigation of the global literature conducted in 

the previous chapter (Chapter 2), to an investigation of health in Kanungu District, in 

rural Southwestern Uganda. This chapter investigates underlying patterns of healthcare 

access by specifically examining the associations between season or meteorological 

parameters and hospital admissions for all causes at Bwindi Community Hospital. Given 

the importance of health sector adaptation, we frame these results in terms of the 

implications for local climate change adaptation in low-resource settings. This chapter of 

the thesis dissertation contributes to answering the larger question: How does climate 

change impact hospital admissions for all causes, and how can this knowledge be applied 

to local climate change adaptation in the health sector?  
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Chapter 3: Understanding weather and hospital admissions 

patterns to inform climate change adaptation strategies in the 

healthcare sector in Uganda 

3.2 Abstract 

Background:  

Season and weather are associated with many health outcomes, which can influence hospital 

admission rates. We examined associations between hospital admissions (i.e. all diagnoses) and 

local meteorological parameters in Southwestern Uganda, with the aim of supporting hospital 

planning and preparedness in the context of climate change.  

Methods:  

Hospital admissions data and meteorological data were collected from Bwindi Community 

Hospital and a satellite database of weather conditions, respectively (2011 to 2014). Descriptive 

statistics were used to describe admission patterns. A mixed-effects Poisson regression model 

was fitted to investigate associations between hospital admissions and season, precipitation, and 

temperature.  

Results:  

Admission counts were highest for acute respiratory infections, malaria, and acute 

gastrointestinal illness, which are climate-sensitive diseases. Hospital admissions were 1.16 

(95% CI: 1.04, 1.31; p = 0.008) times higher during extreme high temperatures (i.e., >95th 

percentile) on the day of admission. Hospital admissions association with season depended on 

year; admissions were higher in the dry season than the rainy season every year, except for 

2014.  

Discussion:  

Effective adaptation strategy characteristics include being low-cost and quick and practical to 

implement at local scales. Herein, we illustrate how analyzing hospital data alongside 

meteorological parameters may inform climate-health planning in low-resource contexts. 
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3.3 Introduction 

Counts of hospital admissions have been associated with a variety of environmental 

factors, including seasonal and meteorological parameters [1, 2]. However, the direction and 

magnitude of the associations vary globally [1, 3]. In the context of climate change adaptation 

[4], these geo-spatial variances matter, as effective climate change adaptation often requires 

localized and context-specific actions [5-8]. For this reason, it is important to document and 

understand localized associations between meteorological parameters and hospital admissions 

as a potential way to inform planning and preparedness measures that can support climate change 

adaptation in the healthcare sector [3, 4, 9, 10]. 

Research investigating associations of seasonal and meteorological parameters with 

hospital admissions has predominantly focused on high-income regions, including North 

America and Europe [3, 11]. Some research is available for low-income regions [1, 12], 

including Africa [13]. Of the little research on seasonal and meteorological associations with 

hospital admissions that has been conducted in Africa, much has focused on specific health 

outcomes, which vary by host, environment, and agent. For example, in East Africa, warm 

temperatures were associated with increases in cholera epidemics [14] and hospital 

admissions for malaria [4]. In contrast, cold temperatures were associated with increases in 

hospital admissions for heart failure [10] and hypertension in Nigeria [10, 15], and for 

preeclampsia in South Africa [16]. African rainy seasons have been linked to increases in 

hospital admissions for hypertension in Nigeria [10, 15], and to pneumonia, malnutrition, and 

snake bites in Zambia [9]. Furthermore, the incidence of other diagnoses, such as diarrhea 

and malnutrition [17], and hospital admissions for respiratory syncytial virus (RSV) [18], 

have been associated with increased precipitation. Dry seasons have been linked to hospital 

admissions for some respiratory illnesses and coughing [19]. Moreover, the association of 

meteorological parameters with hospital admissions for a particular disease may vary by 

climate region [12]. For example, in Gambia, the direction of the association between 

temperature and RSV admissions depended on whether the region is a temperate or tropical 

climate, while the association between precipitation and RSV was consistent regardless of 
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climate region [18]. Therefore, associations between disease and meteorological parameters 

identified in a number of African studies tend to be locally specific and vary by health 

outcomes, and little is known about the collective impact (i.e., overall influence) of 

meteorological or seasonal parameters on hospital admissions for all diagnoses. 

Understanding how hospital admissions are currently associated with meteorological 

parameters at local scales may help the healthcare sector understand how health outcomes 

could be impacted under different climate change scenarios in the future [20, 21], as well as 

inform localized climate-ready planning, such as staff and financial resource allocation in the 

nearer-term [5]. Climate-related planning is particularly important in East Africa, a region 

that has been identified as highly vulnerable to climate change [19, 22, 23], where climate 

change is anticipated to exacerbate already present health challenges in often stressed health 

systems [19, 21, 24]. As such, researchers, policy makers, and health service providers have 

called for regionally-specific studies to characterize how meteorological parameters and 

season are associated with health outcomes to support effective climate change adaptation in 

the healthcare sector [1, 3], with evidence particularly needed to inform decision making in 

African countries [13, 21]. 

While other studies examine associations of a single diagnosis with season and 

meteorological parameters, we intentionally focus on hospital admission counts for all 

diagnoses, using a case study in Uganda to explore overall primary healthcare service 

provision demands, and discuss our findings in the context of climate change adaptation for 

the healthcare sector. The goal of this study was to investigate associations of seasonal and 

meteorological parameters (i.e., weather data) with hospital admission counts for all 

diagnoses in Kanungu District, Uganda. Specifically, the objectives of this study were to: (i) 

describe admissions to the hospital by diagnoses; and (ii) examine associations of hospital 

admissions for all diagnoses with seasonal and meteorological parameters. 

3.4 Methods 

3.4.1 Study Location 

Uganda is located within the East African Plateau and has eight key features that 

influence climate: Latitude, altitude, physical shape of the lands, winds, vegetation, water 

bodies, and the influence of humans [25]. Generally, Uganda’s climate is warm and tropical, 

but high altitude regions are cooler [22]. Notable climatic changes in Uganda over the last 50 
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years include increases in temperature, number of hot days, and number of hot nights, as well 

as decreases in number of cold days [22]. Recent research demonstrated that from 1993–

2016, average monthly maximum temperature in Uganda has increased 0.7 to 1.2 °C and 

average minimum monthly temperature has increased 1.0 to 1.1 °C [21]. There is also 

evidence that climate change is causing decreased annual rainfall, with small, but significant, 

increases in frequency and intensity of heavy rainfall events [22]. 

Kanungu District is located in the southwestern region of Uganda, bordered to the West 

by the Democratic Republic of the Congo, and to the North by Lake Edward, with smaller 

lakes, rivers, and ponds throughout (Figure 3.1). Kanungu District ranges from 0.44° S to 

1.07° S latitude and has a relatively high altitude of approximately 1300 m [26], resulting in a 

highly varied geography that includes mountainous and flatter regions, as well as rain forest 

and savannah regions. Kanungu District has an estimated population size of 252,000 residents 

[27], which includes ethnic groups, such as the Bakiga [28], as well as a minority group of 

Indigenous Batwa [29]. 
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Figure 3.1. Map illustrating the location of Bwindi Community Hospital in Kanungu 

District, Uganda. 
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Healthcare services in Kanungu District are provided by two hospitals, Bwindi 

Community Hospital (BCH, a private hospital) and Kambuga Hospital (a 

government-supported hospital [30]), and a range of health centres and small clinics. BCH is 

a primary healthcare facility located in Buhoma Town (Figure 3.1), and is a main healthcare 

provider for the region [19]. BCH was opened in 2003, and has 112 beds in six in-patient 

wards, as well as an out-patient ward. The out-patient ward treats both males and females of 

all ages for diagnoses not requiring overnight hospital admission. There are two in-patient 

wards that treat patients requiring overnight hospital admission: a pediatric ward that treats 

males and females 12 years of age and younger, and an adult in-patient ward that consists of 

separated male and female areas to treat those who are over 12 years of age. Besides the adult 

in-patient ward, there are maternity, surgery, and immunodeficiency wards for specific 

treatments of individuals over 12 years of age. The hospital operates through a fee-for-service 

model (i.e., privatized), with substantial donor subsidies toward an insurance scheme for residents 

who qualify [28]; however, many services are still cost prohibitive for some residents [31]. 

3.4.2 Data Collection and Management 

The Indigenous Health Adaptation to Climate Change (IHACC, www.ihacc.ca) Research 

Team partnered with administrators at BCH to co-generate research questions, design 

research studies, interpret research results, and disseminate findings. EcoHealth principles 

guided this research process, including systems thinking, transdisciplinarity, participation, 

sustainability, gender and social equity, and knowledge to action [32]. The University of 

Guelph and McGill University Research Ethics Boards, along with BCH administrators, 

approved the study protocols. 

To characterize hospital admission patterns in Kanungu District, clinical data for all 

visits to the out-patient, pediatric, and adult in-patient wards (i.e., both male and female areas 

of the ward) were collected from an existing electronic database at BCH. Nurses on the 

out-patient department recorded patient data directly into an electronic triage system, while 

nurses on the adult in-patient and pediatric wards recorded patient data first to paper and later 

entered the information into the electronic database. Out-patient records were available for 1 

December 2011 to 31 December 2013; pediatric records were available for 1 January 2011 to 

31 December 2014; and adult in-patient records were available for 1 December 2011 to 31 

July 2014. Data collection was restricted to the period 2011 to 2014 as the hospital records 

prior to this period were not available in electronic formats. Paper records were used to 
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manually fill in any gaps/missing data in the database. Data collected for each patient 

included diagnoses (i.e., co-morbidities), admission date, and treatment ward (i.e., 

out-patient, pediatric, or adult in-patient). Diagnoses at BCH were made according to the 

Uganda Clinical Guidelines National Guidelines for Management of Common Conditions 

[33]. 

Meteorological data were collected via satellite through a partnership with researchers at 

McGill University from the European Centre for Medium-Range Weather Forecasts 

Re-analysis (ERA)-Interim Climate Database [33], which combined data from multiple 

sources. The ERA-Interim climate databases have spatial resolution of 0.75° by 0.75° [33]. 

Daily values for total precipitation (i.e., rainfall (mm)), as well as maximum, minimum, and 

average temperature (°C) were obtained for all dates matching the extracted medical records 

(i.e., 1 January 2011 to 31 December 2014). Meteorological values extracted from the 

database were used to automatically generate dichotomous variables for extremely low and 

extremely high daily values (i.e., 5th and 95th percentiles, respectively) for precipitation; 

maximum, minimum, and average temperature; as well as temperature difference on a given 

day (i.e., difference between maximum and minimum temperature). Meteorological data were 

merged with clinical data for the date of admission (i.e., day zero), and lags of one to seven 

days were generated automatically for each meteorological variable [2]. Short lags have been 

recommended for this type of analysis to avoid introducing collinearity between 

meteorological and seasonal variables [2]. Season was categorized as rainy or dry based on 

date: rainy seasons were defined as March to June and September to November, and dry 

seasons were defined as December to February and July to August [22]. Hospital admission 

records were collapsed into daily counts by ward (i.e., each observation represented a count 

of admissions into out-patient, pediatric, or adult in-patient wards on a given date). 

3.4.3 Analyses 

3.4.3.1. Descriptive Statistics 

To describe admissions to the hospital by diagnoses (objective 1) and to provide context 

for the results overall, descriptive statistics were conducted as in other studies [1, 3, 12, 34]. 

Specifically, Descriptive statistics were used to investigate BCH admission counts by ward, 

age group (i.e., <5 years, 6–12 years, 13–18 years, and >55 years), and sex. Counts and 

frequencies of admissions were tabulated. The denominator for hospital admission counts 

was held constant, as the population eligible to use the hospital did not change. The 
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population in this region is not migratory and there were no other reasons for substantial 

changes in the population denominator from 2011–2014. Counts of diagnoses recorded more than 

500 times in the database were tabulated by ward. Descriptive statistics were calculated for 

meteorological variables, providing further context to interpret the results. 

3.4.3.2 Regression Analyses 

Two multivariable linear regressions were used to examine the effect of season and year 

on (1) average daily temperature, and (2) total daily precipitation. Global significance tests 

were used to test the overall significance of categorical variables. Two-way cross-products 

(i.e., interactions) were assessed between season and year. Assumptions of linear regression 

were assessed, including linearity of continuous independent variables, normality, and 

homoscedasticity. 

To examine associations of hospital admissions for all diagnoses with seasonal and 

meteorological parameters (objective 2), regression analyses were conducted. Specifically, 

multilevel, multivariable Poisson regressions were used to examine if daily number of 

admissions for all diagnoses were associated with meteorological variables. Multilevel, 

multivariable Poisson modeling was selected as the outcome was count data, a random effect 

was used to control for time, and the effect of weather on admissions was adjusted using 

multivariable analyses, which is similar to methods used by other climate-health research 

[35-37]. To build the multivariable models, a number of steps were followed sequentially. 

First, a causal diagram was created: the outcome variable was counts of hospital admissions 

per day, where the denominator was held constant as the number of people eligible to use the 

hospital (i.e., the hospital services a population of 100,000 people in Kanungu District [31]); 

the exposure variables of interest were meteorological parameters (i.e., four meteorological 

parameters and 5th and 95th percentile of each for day of admission and 7 days lag); and 

confounders (identified a priori) included season, year, and treatment ward. Confounders 

were forced into the models. Next, independent variables were examined using descriptive 

statistics. Pearson correlation coefficients were used to identify any collinearity between 

independent variables using a cut-point of |0.8|; if high correlations were noted between two 

independent variables, the variable selected for subsequent analyses was based on biological 

plausibility. Next, locally weighted scatter-plot smoothers were used to visually explore 

linearity between continuous independent variables and the outcome, and categorized if 

appropriate. Then, a manual forward-model building approach was used to build a 
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multivariable Poisson regression model [34]. A series of univariable Poisson regressions were 

conducted to examine the unconditional association between the outcome variable and each 

independent variable using a liberal alpha-value (α = 0.20). All variables with p < 0.20 were 

added manually and sequentially to the model, beginning with the variable that had the 

lowest statistical significance p-value. Variables were removed if p > 0.05 and put back into 

the final model following step-wise procedures to re-examine associations before final 

exclusion [34]. Global significance tests were used to evaluate the statistical significance of 

categorical variables as a group. Interactions (i.e., cross-products) were examined based on 

biologically plausible combinations of independent variables. Biologically plausible 

interactions included interactions between meteorological parameters within one day of each 

other (i.e., on the same day or the day before or after) and between season and year. 

Autoregressive structures were investigated using graphical techniques (i.e., partial 

auto-correlation plots) and compared. Assessments of model fit performed on the multilevel 

model included examining residual plots, best linear unbiased predictor (BLUP) plots, and 

partial autocorrelation plots. Analyses were conducted in Stata® (version 13.1, Stata Corp, 

College Station, TX, USA using a standard alpha-value (α = 0.05) unless otherwise stated. In 

addition to multilevel Poisson models, ordinary Poisson and negative binomial models were 

fitted. However, based on evaluating Bayesian Information Criteria for each model, the 

multilevel Poisson model provided the best fit. 

3.4.4 Ethical Standards 

The authors assert that all procedures contributing to this work comply with the ethical 

standards of the relevant national and institutional committees on human experimentation and 

with the Helsinki Declaration of 1975, as revised in 2008. 

3.4.5 Availability of Data 

Health data used in these analyses are not available publicly. The datasets contain 

personal and sensitive health information for members of a small community where 

de-identification may be insufficient to protect the identity of participants and is not 

permissible according to the Research Ethics Boards at McGill University and the University 

of Guelph. The ethical approval number for the research is: 14-MR002 from the University of 

Guelph; Guelph, ON, Canada. Meteorological data from the National Centre for Atmospheric 

Research Climate Data Guide are available online, from https://climatedataguide.ucar.edu/. 
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3.5 Results 

3.5.1. Description of Hospital Admissions and Meteorological Data 

A total of 41,216 hospital admission records were collected from BCH between 1 

January 2011 to 31 December 2014, of which 3294 were adult in-patient admissions, 5736 

were pediatric in-patient admissions, and the remaining 32,186 were out-patient admissions. 

Females accounted for 54.6% of pediatric in-patient records and 44.0% of adult in-patient 

admissions; records of sex were incomplete for out-patients. The majority of patients (n = 

29,261; 71.0%) presented with a single diagnosis, with an average of 1.3 (range: 1–14) 

diagnoses per hospital admission. The majority of all hospital admissions were adults (i.e., 

ages 19–55 years old; 41.1%), followed by children (i.e., ages 0–5 years old; 20.9%). 

Hospital admissions were rarely identified as a re-admission to the hospital for the same 

diagnosis (n = 87; i.e., 0.2% of cases were readmissions). Approximately half of the records 

for the pediatric ward and adult in-patient wards were manually entered to fill gaps in the 

database; however, since the out-patient department accounted for the majority of 

admissions, less than 10% of the total data were missing in the original database. 

Admissions varied by ward, with an average of 3.0 new admissions per day on the adult 

in-patient ward, 3.8 new admissions per day on the pediatric ward, and 30.3 new admissions 

per day on the out-patient ward. Maximum daily admissions were highest on the out-patient 

ward (141 new admissions on a single day), lower on the pediatric ward (51 new admissions 

on a single day), and lowest on the adult in-patient ward (15 new admissions on a single day). 

The most common diagnoses for the out-patient ward, the pediatric ward, and for all 

wards combined were acute respiratory infection, followed by malaria, and acute 

gastrointestinal illness (Figure 3.2). For the adult in-patient ward, the three most common 

diagnoses were malaria, trauma, and acute gastrointestinal illness. 
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Figure 3.2. Counts of diagnoses by ward at Bwindi Community Hospital from 2011–

2014 for diagnoses recorded at least 500 times in the study period. 

Daily average temperature ranged from 17.1 to 23.7 °C, maximum daily temperature 

ranged from 18.6 to 30.6 °C, while minimum daily temperature ranged from 13.2 to 19.5 °C 

over the four year study period. Daily temperature difference ranged from 0.0 to 14.3 °C 

(median: 7.8 °C). Average daily temperature increased each year from 2011 to 2014 (average 

daily temperature was 17.9 °C in 2011; 18.1 °C in 2012; 18.5 °C in 2013; and 18.6 °C in 

2014). Daily total precipitation ranged from 0.0 to 44.8 mm (median: 1.8 mm). Average daily 

total rainfall varied less than 1 mm from 2011–2014 (yearly average range: 3.22 to 3.56 

mm/day), with no significant trends over time. 

3.5.2. Trends in Meteorological Variables 

When controlling for season, the average daily temperature increased year-over-year (p < 

0.001). Compared to 2011, the average daily temperature significantly increased by 0.16 °C 

in 2012 (p = 0.001; 95% CI: 0.06 to 0.25 °C), 0.63 °C in 2013 (p < 0.001; 95% CI: 0.54 to 0.73 

°C), and 0.64 °C in 2014 (p = 0.001; 95% CI: 0.54 to 0.73 °C). Average daily temperature was 

0.11 °C (p = 0.001, 95% CI: 0.04 to 0.18 °C) higher in the dry season than the wet season, after 

controlling for year. In a second linear regression, there was no significant change in 
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precipitation by year (p = 0.188). Total daily rainfall in the dry season was, on average, 1.78 

mm lower than in the wet season (p < 0.001, 95% CI: 1.51 to 2.05 mm). 

3.5.3. Associations between Hospital Admissions and Meteorological Parameters 

The best fitting model was a multilevel Poisson regression model with random effects for 

day and for month (Table 3.1). There was a significant interaction between season and year 

(i.e., the association between season and hospital admissions depended on year). Specifically, 

admissions were higher in the dry season than the rainy season, except in 2014 (Table 3.2). 

Finally, when controlling for season, year, ward, and the interaction between season and year, 

the rate of admissions for all diagnoses was significantly higher when the average 

temperature was extremely high (i.e., 95th percentile (22.3 to 29.7 °C)) on the day of 

admission. That is, admissions for all causes were higher on extremely warm days, 

contributing to an increase in average admissions from 37.1 patients per day to 43.0 patients 

per day. 
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Table 3.1. Mixed-effects Poisson regression model with random-effects for month and 
day, outlining the associations of parameters with admissions for all causes at Bwindi 
Community Hospital from 2011 to 2014. 

Variable + 
 

Coefficient IRR * p-Value 
Confidence 
Interval of IRR 

Season 
Wet (Ref) 

   
Dry 0.567 1.764 0.21 0.225–4.290 

Year 

2011 (Ref) 
   

2012 2.459 11.755 <0.001 5.314–26.008 

2013 2.366 10.723 <0.001 4.842–23.746 

2014 0.882 3.317 0.003 1.516–7.255 

Ward 

Adult 

In-Patient 
(Ref) 

   

Out-Patient 2.419 11.238 <0.001 6.634–19.037 

Pediatric 1.71 5.531 <0.001 3.250–9.412 

Average 

Temperature on 

Admission Date 

Below 95th 

percentile 
(Ref) 

   

Above 95th 

percentile 
0.155 1.168 0.008 1.041–9.412 

Season * Year 

Wet 2011 (Ref) 
   

Wet 2012 −0.474 0.622 0.445 0.184–2.104 

Wet 2013 −0.636 0.529 0.307 0.156–1.792 

Wet 2014 −1.386 0.25 0.018 0.079–0.788 
+ A multilevel mixed-effects Poisson regression, including random effects for month and 

day. Standard error of the month random-effect = 0.230, standard error of the day 

random-effect = 0.012. Offset: Held constant as the total population eligible to use the 

hospital (i.e., 100,000 people).  

* Incidence rate ratio (IRR) calculated as the exponentiated coefficient. 
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Table 3.2. Table comparing hospital admission rates during (a) wet and dry seasons by 

year from 2011 to 2014, and (b) years 2011 to 2014 by season, at Bwindi Community 

Hospital. 

a. Wet and Dry Seasons by Year 

Year Wet Season IRR * Dry Season IRR * p-Value  Confidence Interval 

2011 REF 1.763 0.205 0.733–4.242 

2012 REF 1.097 0.825 0.482–2.499 

2013 REF 1.069 0.873 0.410–2.133 

2014 REF 0.501 0.874 0.377–2.134 

b. Hospital Admissions Association with Years by Season 

Season Year Year IRR * p-Value Confidence Interval 

Wet 

2011 (REF)   

2012 11.690 <0.001 5.335–25.618 

2013 10.658 <0.001 4.859–23.376 

2014 2.4152 0.030 1.090–5.354 

Dry 

2011 (REF)   

2012 7.274 <0.001 2.573–14.201 

2013 5.651 <0.001 2.297–14.155 

2014 1.278 0.606 0.503–3.249 

* Incidence rate ratio (IRR) calculated as the exponentiated coefficient. 

The hospital admissions model fit the data well and the partial autocorrelation plot 

indicated that there was no residual temporal auto-correlation. The plot of BLUPs for month 

indicated they were non-parametric (i.e., not normal); however, the model fit was 

substantially better (i.e., lower BIC) with a random-effect for month than without, thus, the 

random-effect for month was maintained in the model. 

3.6 Discussion 

This study aimed to investigate associations of seasonal and meteorological parameters 

with hospital planning admissions for all diagnoses in Kanungu District, Uganda, in the 

context of hospital planning for climate change. Calls for policy action from the East Africa 

Planning for Resilience in East Africa Through Policy, Adaptation, Research, and Economic 

Development Project have highlighted the need for research to understand climate-sensitive 
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diseases in this region [21]. Similar to other studies from the African continent, 

communicable diseases were the leading reasons for admissions at BCH [38]. The most 

common diagnoses at BCH (i.e., acute respiratory infections [9], acute gastrointestinal illness 

[39], and malaria [40]) are highly climate-sensitive diseases, and have been identified as top 

climate-health concerns by community members [19,28] and policy makers [21] in this 

region. Climate-sensitive diseases are of particular interest to inform climate adaptation for 

the healthcare sector [41], as they reflect the most probable, and likely most substantial, 

changes to the burden of illness to come. However, sufficient information on 

climate-sensitive diseases to inform climate change adaptation is limited, and access is often 

complicated in low resource regions, such as East Africa [21, 42]. 

Climate change projections for Africa consistently project increased temperature across 121 

models, showing an increase in average annual temperature ranging from 1 to 7 °C by the year 

2100 [23]. Our short-term meteorological findings in Southwestern Uganda reflect this warming 

trend, with average annual temperature increasing by 0.6 °C, over the four year study period. In 

Uganda, projections indicate temperatures will continue to increase [23], which has relevance for 

our findings [22,23]. High temperature (i.e., above the 95th percentile) was positively associated 

with same-day admissions, which is consistent with research findings from other tropical African 

communities at high altitudes [4]. It is possible that the altitude and forest cover in this region, 

which have a moderating effect on temperature [25], has resulted in locally relative cold 

temperature adaptation of residents in this area [1,12]. Furthermore, heat related climate change 

adaptation strategies like air conditioning and fans [43] are not feasible or available to the 

majority of residents in Southwestern Uganda, which can increase admissions to hospital for a 

variety of causes [3]. This highlights the importance of accounting for local contextual variables 

in climate change adaptation, which is essential for effective anticipatory adaptation [6,42]. Local 

information is critical for climate change adaptation planning, since variability of processes and 

relationships increases at small scales [8]. This type of research can inform localized planning, 

such as developing and implementing early warning systems and informing planning processes, 

in both high-income and low-income regions, as well as contribute to the implementation of 

adaptation planning [44]. Supporting and improving healthcare centres is considered to be one of 

the most effective measures to increase climate resilience in the short-term [45]. 

We found significant differences in average daily temperature by year and by season, 

suggesting there may be variability in seasonal conditions year-to-year, which is in 

concordance with other regional climate analyses [21]. Specifically, we observed significant 
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increases in temperature on a short time scale [46]. We did not observe an effect of year on 

precipitation in this study period; however, longer periods may show a change in 

precipitation patterns in the future. Since seasons were defined by historical precipitation 

patterns [22], the main effect of season on rainfall was expected. 

We also found that admissions to the hospital were associated with an interaction (i.e., 

cross-product) between season and year, indicating that the effect of season on hospital 

admissions depends on the year in this region. As climate change progresses, seasonal 

variability is projected to increase [21–23], which could modify historic seasonal trends in 

disease occurrence and hospital access [21]. 

Climate change adaptation in the health sector in low-resource settings is often difficult, 

contributing to a significant adaptation deficit [42]. Numerous barriers to climate change 

adaptation have been identified in the Sub-Saharan African context: physical, financial, 

technical, social, informational, institutional and governmental, and historical, among others 

[43]. In response, in Uganda, successful adaptation strategies have been built on bottom-up 

community-based initiatives [47], had available human and financial resources to support 

adaptation, and had the ability to access useful and relevant information when needed [42, 48, 

49]. In our study, we attempted to build on previous lessons learned for adaptation in Uganda 

by using existing datasets for hospital admissions and meteorological data, which was 

relatively low-cost. Furthermore, we aimed to facilitate stakeholder involvement and 

bidirectional communication, building on evidence that this contributes to successful 

adaptation [42, 50]. Finally, by recognizing the importance of scale in health sector climate 

change adaptation [6], we focused on reaching local priorities to increase institutional support 

[42]. As such, investigating patterns in local meteorological parameters and hospital 

admissions may be beneficial for climate relevant hospital planning at local scales in 

low-resource contexts [6]. Understanding these context-specific relationships could be useful to 

improve preparedness [20], and could support shifting from reactive to anticipatory climate 

change adaptation for the health sector [7, 51]. 

Some study limitations should be considered. First, this research was conducted at a local 

hospital, which functioned on a fee-for-service model. Thus, sampling bias should be 

considered with regards to vulnerable sub-populations, particularly those in the lowest 

income brackets [19,28], as they may be unintentionally excluded from analysis. This means 

that the results reflect relationships between seasonal and meteorological parameters and 

hospital admissions, but may not represent the relationships with disease patterns at the 
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community-level. However, we sought to examine healthcare service provision demands to 

inform adaptation planning and not to describe community health status. Second, percentiles 

rather than thresholds for extreme temperatures were used in this research to identify local 

temperature extremes, which can make comparisons to disease incidence estimated in other 

studies difficult. By utilizing percentiles to identify locally relevant temperature extremes, we 

have addressed concerns from previous work that populations living in tropical climates have 

a higher threshold for heat tolerance [12]. Third, the data used for this research were only 

complete after the secondary data collection processes where researchers back-filled gaps in 

the electronic database from paper records. This data collection was conducted a priori, and 

thus would not have biased the results. Further, it is worth noting that the data used to backfill 

gaps in the electronic database were still recorded in the same way as the original records, at 

the same time and by the same staff members, and that only data entry into the electronic 

database was conducted by the research team. Fourth, this dataset represents a short time 

series (i.e., four years) and thus does not represent associations between hospital admissions 

and long-term climate or climate change parameters. Additionally, while the seasonal 

changes in hospital admissions at BCH could reflect disease epidemiology [9,10,15,19], it 

could also be explained by hospital accessibility. For instance, some factors that affect 

hospital access in low-income regions may change by season and/or year, including 

household income [17, 52-54], road conditions [52–54], time availability [52], stigma [51, 

55], lack of available information about healthcare services [55], long wait times [52], 

sub-optimal interactions with healthcare providers [52], insecurity at night [56], living in 

rural areas [54], and/or poorly equipped facilities [56]. Fifth, while regression models, such 

as the mixed-effects Poisson regression used in this study, are commonly used in climate 

health research [3,12], these modeling strategies do not account for political and contextual 

factors that would further influence hospital admission patterns or future uptake of this 

information in Ugandan and international climate-health adaptation planning sectors. 

Therefore, socio-economic pathways and decision making also impact health outcomes and 

should be considered when discussing application of these results to inform future hospital 

planning in low-resource areas. Finally, while there is sufficient biological plausibility to 

explain an association of high temperature with hospital admissions, since we assessed a 

relatively large number of variables it is worth noting that our findings could also align with 

statistical chance, due to Type 1 (α) error, where the null hypothesis was that meteorological 

predictors were not associated with hospital admissions. 
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3.7 Conclusions 

Availability and application of information for climate adaptation is limited in Uganda 

[42,48,49], particularly in the healthcare sector [21]. Analyses of existing healthcare use and 

meteorological datasets may provide additional information for hospital planning in the 

context of climate change in low-resource settings. Since climate change is a key concern and 

recognized vulnerability in Uganda, adaptation for localized environmental change and its 

impacts on health are crucial for healthcare providers. Healthcare planning at hospitals and 

health centers may be informed by an analytical tool that provides a low-cost and feasible 

opportunity to apply knowledge of local relationships between meteorological parameters and 

health while simultaneously considering common adaptation barriers in low-resource 

settings. 

Climate-sensitive health outcomes comprise a substantial health burden [44], and thus, 

understanding relationships between weather and health may provide useful information for 

adaptive planning in localized-contexts globally. By integrating this type of information into 

hospital planning and climate change preparedness plans, healthcare facilities may be more 

equipped to deal with future influxes of patients. 

 

Knowledge to Action 
Knowledge to action meetings and workshops were conducted in Kanungu District, Uganda 

in 2018 with a variety of research partners. Relevant print materials are provided in Appendix 

J. 
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4.1 Situating this Chapter Within the Thesis Dissertation 
 

As Chapter 2 outlines, acute respiratory infections (ARI) are climate-sensitive diseases of 

global relevance that cause significant illness and mortality. In Chapter 2, we did not 

identify any research from low-income countries that investigated whether the 

relationship between ARI and climatic parameters in Indigenous populations differed 

from non-Indigenous populations living in the same geographic location. As such, the 

goal of this chapter was to explore associations between counts of ARI or pneumonia 

admissions and meteorological parameters for Indigenous and non-Indigenous peoples at 

Bwindi Community Hospital. The research in this chapter contributes to answering the 

larger question: How does the association between meteorological parameters and ARI 

or pneumonia admissions vary for Indigenous peoples in low-income countries? 
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Chapter 4: Acute respiratory infections, weather patterns, and 

Indigenous peoples in Southwestern Uganda 

4.2 Abstract  

 Climate change has been associated with increased hospitalizations for acute 

respiratory infections (ARI); however, little research has explored the nature and extent 

of this association in low-resource settings. This study examined the associations of 

counts of ARI hospital admissions and counts of pneumonia hospital admissions with 

meteorological parameters for Bakiga and Indigenous Batwa peoples in Kanungu 

District, Uganda. 

 Hospital admission records were collected from Bwindi Community Hospital 

(BCH), Uganda, alongside meteorological data from an online climate database (2011-

2014). Multivariable Poisson regression was used to investigate associations of 

meteorological parameters with counts of ARI hospital admissions and counts of 

pneumonia hospital admissions. Then, these multivariable models were stratified by 

Bakiga and Indigenous Batwa peoples.  

 Meteorological parameters were not significantly associated with counts of ARI 

admissions at BCH. However, counts of pneumonia admissions were positively 

associated with average temperature three days before the hospital admission (count 

ratio: 1.093, 95%CI: 1.026, 1.163). When stratified by sub-population, the association 

was maintained for Bakiga people (count ratio: 1.103, 95%CI: 1.036, 1.174); however 
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counts of pneumonia admissions were negatively associated with temperatures three days 

before admission for Indigenous Batwa (count ratio: 0.545, 95%CI: 0.297, 0.998).  

 The magnitude and direction of associations between meteorological parameters 

and counts of pneumonia admissions differed for Bakiga and Indigenous Batwa. These 

findings highlight the importance of stratifying hospital admissions data by sub-

populations when examining meteorological-health relationships, especially in the 

context of climate change. 

Highlights 

• Associations between temperature and counts of pneumonia admissions differed 

for Bakiga and Indigenous Batwa. 

• Stratified analyses can elucidate differences in meteorological-health 

relationships, especially in the context of climate change. 

Keywords:  

Uganda, acute respiratory infections, pneumonia, temperature, climate change, 

Indigenous peoples, counts of hospital admissions 

4.3 Introduction 

Acute respiratory infections (ARI)1 are climate-sensitive diseases that cause a 

significant burden of illness and mortality (Mulholland, 2003; Nair et al., 2013; Walker et 

al., 2013), potentially differentially affecting sub-populations (Fraser et al., 2001; Xu et 

                                                
1 The case definition of ARI typically includes acute illnesses with coughing as a symptom (Hall et al., 2015); thus, infections such as 
pneumonia are defined as ARI. Pneumonia is an ARI of the lower respiratory tract (i.e. lungs) characterized by coughing and chest in-
drawing, and which is often more severe than some other ARI (Uganda, 2012).  
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al., 2014). Meteorological parameter associations with increased ARI frequency vary by 

region (Donaldson, 2006; Pitzer et al., 2015; Stensballe et al., 2003; Zhan et al., 2017) 

and by pathogen or syndrome (Pitzer et al., 2015; Ye et al., 2009). For example, 

temperature changes have been associated with pneumonia frequencies in Australia (Xu 

et al., 2014), Hong Kong (Qiu et al., 2016), Korea (Sohn et al., 2019), Nigeria (Omonijo 

& Matzarakis, 2015), and China (Tian et al., 2017). Further, in Australia and New 

Zealand, temperature associations with pneumonia frequencies were different from 

temperature associations with general all-cause ARI frequencies (Gosai et al., 2009; 

Green et al., 2015), and in Uganda, the associations between temperature and odds of 

ARI varied by both pathogen and location (Yang et al., 2018).  

Incidences of hospital admissions for ARI are higher among some populations 

than others (Fraser et al., 2001; Green et al., 2015; Troeger et al., 2018). For instance, of 

the estimated 336 million episodes of ARI that occur each year, an estimated 57 million 

episodes of ARI occur in Sub-Saharan Africa (Troeger et al., 2018). In Uganda, this 

contributes to ARI mortality rates that are among the highest in the world, with over 800 

deaths per 100,000 people (Troeger et al., 2018). Furthermore, Indigenous peoples often 

experience a larger burden of ARI than non-Indigenous people living in the same 

geographical region (Chapter 2) (Fagan et al., 2017; Green et al., 2015). Differences in 

hospital admission patterns are often rooted in social determinants of health, such as 

socio-economic conditions, social inclusion, and colonization (Gracey & King, 2009); 

furthermore, social determinants of health modify exposure to, and experience of, ARI. 

The magnitude and/or direction of the association of ARI with meteorological parameters 

for Indigenous populations have differed from those for non-Indigenous populations in 



 

 

137 

Australia (Annamalay et al., 2012; Green et al., 2015; Moore et al., 2009; Schaffer et al., 

2012; Xu et al., 2014), New Zealand (Gosai et al., 2009), Israel (Fraser et al., 2001), 

Canada (Rolland-Harris et al., 2012), and the United States (Ware et al., 2014). To date, 

research investigating associations of meteorological parameters with ARI frequency 

across sub-populations as well as across social gradients in health (i.e. the intersection 

and combinations of social determinants impacting health) in low-income countries is 

rare (Chapter 2); however, it is often assumed that changing weather patterns will 

necessarily exacerbate existing health disparities between population groups (Watts et al., 

2015). There is an emerging body of literature indicating that climate change may also 

maintain, rather than exacerbate, current health differences between population sub-

groups, or even create completely different gradients of health (Berrang-Ford et al., 2016; 

Busch et al., 2019).  

Given the high burden of ARI in Uganda and the limited research examining 

associations of meteorological parameters with ARI frequency across social gradients in 

health in low-resource settings (Chapter 2), the goal of this study was to explore how the 

magnitude and direction of associations between meteorological parameters and counts of 

ARI hospital admissions or counts of pneumonia hospital admissions might differ for 

Bakiga and Indigenous Batwa in rural southwestern Uganda. This research responds to 

climate-sensitive health concerns identified by Bakiga (Labbé et al., 2015) and 

Indigenous Batwa (Berrang-Ford et al., 2012) in Kanungu District, and begins filling 

important climate-health research gaps in low-resource settings (Chapter 2). 
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4.4 Methods 

4.4.1 Approach 

This study was conducted by the Indigenous Health Adaptation to Climate 

Change (IHACC) Research Team in collaboration with Bakiga and Indigenous Batwa 

community partners. This research is rooted in over a decade of strong partnerships 

between the IHACC Research Team and community partners (Berrang-Ford et al., 2012). 

Research protocols for this study were co-generated by researchers and Ugandan partners 

via ongoing consultation and engagement, and then approved by Bwindi Community 

Hospital (BCH) and the Research Ethics Boards at the University of Guelph, McGill 

University, and the University of Alberta. The research goals, methods, and results-

sharing procedures were driven by EcoHealth principles: systems thinking, 

transdisciplinarity, participation, social and gender equity, and knowledge-to-action 

(Charron, 2012). In addition to a series of workshops, meetings, and events that 

contributed to the development of the research design, in July 2018, the preliminary 

results were shared, discussed, and approved by more than 100 community members and 

institutional partners in Kanungu District, Uganda.  

4.4.2 Kanungu District, Uganda 

Kanungu District is a rural district in southwestern Uganda (Figure 4.1). The 

District contains parts of the Bwindi Impenetrable National Park and is home to 

approximately 252,000 people (Uganda Bureau of Statistics, 2014). The District consists 

of mountainous and savannah regions, is well forested, and has many small lakes and 
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rivers, which together moderate the relatively temperate wet-dry climate (McSweeney et 

al., 2010).  

 
 Figure 4.1 A map showing the location of Bwindi Community Hospital and the 10 
Batwa communities in Kanungu District, Uganda. 
 

The majority of the population in Kanungu District are Bakiga (i.e. approximately 

220,000 people) (Labbé et al., 2015), and a small subset of the population are Indigenous 

Batwa (Berrang-Ford et al., 2012). Approximately 900 Batwa live in Kanungu District 

(Berrang-Ford et al., 2012), following eviction from their ancestral forest homelands in 

recent decades (Clark et al., 2015; Ohenjo et al., 2006). The transition to life outside of 

the forest has been difficult, and has been exacerbated by social exclusion and racism, 
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resulting in wide social gradients in health. Indeed, Batwa have consistently faced more 

health challenges than the Bakiga (Berrang-Ford et al., 2012; Bishop-Williams et al., 

2018; Busch et al., 2019; Clark et al., 2015; Donnelly et al., 2016; Kulkarni et al., 2017; 

MacVicar et al., 2017; Sauer et al., 2018) – disparities which are rooted in the social 

determinants of health, including more limited access to adequate shelter and sanitation 

for Batwa than Bakiga (Clark et al., 2016; MacVicar et al., 2017), food security 

challenges (Lewnard et al., 2014; Patterson et al., 2017; Sauer et al., 2018), reduced 

access to traditional medicines (Berrang-Ford et al., 2012), limited access to healthcare 

services (Clark et al., 2015; MacVicar et al., 2017), unstable working livelihoods 

(Berrang-Ford et al., 2012; Sauer et al., 2018), minimal land ownership and assets 

(Berrang-Ford et al., 2012; Clark et al., 2015; MacVicar et al., 2017), and low 

socioeconomic status (Clark et al., 2015; MacVicar et al., 2017). These social 

determinants of health create social gradients in health, and these social gradients in 

health matter in the context of climate change (Berrang-Ford et al., 2012; Berrang-Ford et 

al., 2016; Clark et al., 2015; Labbé et al., 2015; MacVicar et al., 2017; Patterson et al., 

2017). The Batwa and Bakiga have already observed and reported climate change 

impacts on health (Berrang-Ford et al., 2012; Labbé et al., 2015) and identified ARI as a 

priority climate-sensitive health outcome (Berrang-Ford et al., 2012). 

BCH is a privately operated hospital in Buhoma (Figure 4.1). Opened in 2003, 

BCH adds to the health services in Kanungu District, which include the government 

operated Kambuga Hospital (Musinguzi, 2006), and a few smaller healthcare clinics. In 

2018, there were 112 beds at BCH across six in-patient wards (i.e. pediatric (≤12 years of 

age); male and female adult in-patient (>12 years of age); surgery; maternity; and 
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immunodeficiency), and an out-patient ward (i.e. all individuals who did not require 

overnight admission). Serving a catchment of approximately 100,000 people, from 2011 

to 2014, the hospital had a total of 41,216 visits to the out-patient, pediatric in-patient, 

and adult in-patient wards (Bishop-Williams et al., 2018). 

Healthcare services at BCH are provided on a fee-for-service basis; however, 

substantial subsidies are available through a privately funded insurance scheme known as 

eQuality (Helwig et al., (accepted); Labbé et al., 2015). Despite the eQuality Insurance 

Scheme, the cost of care is still too high for many residents (BCH, n.d.). The eQuality 

Insurance Scheme costs non-Batwa members 20,000 UGX (i.e. ~$5.20 USD) per year 

and provides a subsidy of approximately 80% for all healthcare costs (BCH, 2018). 

Considering the wide social gradients in health in the region related to lower household 

incomes and overall poorer health, the eQuality Insurance Scheme is further subsidized 

for Batwa, costing Batwa 10,000 UGX (i.e. ~$2.60 USD) per year (BCH, 2018).  

4.4.3 Data Collection  

  Using a combination of existing electronic and paper records, a database for this 

study was developed in 2015. Records were collected for the out-patient, pediatric, and 

adult in-patient wards at BCH. Out-patient records at BCH were triaged by nurses and all 

hospital visits (i.e. admissions) were entered directly into electronic records while adult 

in-patient and pediatric records were first recorded to paper by nurses and later 

transferred to electronic records by nurses (approximately two-thirds of the time) or the 

research team (approximately one-third of the time) while confirming completeness of 

the electronic records. Completeness of the electronic database was confirmed by 
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checking that each paper record for the adult in-patient and pediatric wards had a 

corresponding electronic admission record. Out-patient records were collected for 

December 1, 2011 to December 31, 2013; adult in-patient records were collected for 

December 1, 2011 to July 31, 2014; and pediatric records were collected for January 1, 

2011, to December 31, 2014 based on their availability. Each record contained the 

patient’s diagnoses (i.e. co-morbidities), admission date, readmission status (i.e. for the 

same diagnosis), treatment ward, and individual identification number. Patient 

demographic data were extracted from the eQuality Insurance Scheme database at BCH. 

The eQuality records included each patient’s individual identification number, age, sex, 

Indigenous identity, and community address. Individual identification numbers were used 

to match patients from the hospital admission records to the eQuality database.  

Meteorological data were collected from the European Centre for Medium-Range 

Weather Forecasts Re-analysis (ERA)-Interim Climate Database (Dee et al., 2011; 

National Centre for Atmospheric Research, 2016) via research partners at McGill 

University. The extracted data provided daily observations for temperature (°C) and 

precipitation (i.e. rainfall (mm)) for the cell where BCH is located. Each cell size in the 

ERA-Interim database is to a resolution of 0.75° by 0.75° (i.e. approximately 83km by 

83km or 6,930km2 near the equator) (National Centre for Atmospheric Research, 2016). 

Data were extracted to match the dates of hospital data collected from BCH (i.e. January 

1, 2011, to December 31, 2014). Meteorological data were used for the day of admission 

(i.e. day zero) and to generate lags of one to three days for average daily temperature and 

total daily precipitation variables (Kinney et al., 2015). In total, eight meteorological 

variables were examined for associations with ARI and with pneumonia. One to three day 
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lags were chosen for ARI and pneumonia because incubation periods for each are 

typically short (Kinney et al., 2015; CDC, 2017). Wet and dry season were categorized 

by date, where the dry seasons were defined as December to February and July to 

August; and wet seasons were defined as March to June and September to November 

(McSweeney et al., 2010).  

4.4.4 Case Definitions 

All acute coughs, including pneumonias, were categorized as ARI (i.e. according 

to the case definition of ARI (Uganda, 2012)). At BCH, ARI primarily included general 

cough/cold or pneumonia. Chronic conditions, such as asthma and tuberculosis, were not 

categorized as ARI. Only admissions with a pneumonia diagnosed during the admission 

to BCH were categorized as pneumonia (i.e. pneumonia cases were confirmed by a staff 

physician at BCH). Staff at BCH used the case definitions in the Ugandan National 

Guidelines for Management of Common Conditions for diagnoses throughout the study 

period (Uganda, 2012).  

4.4.5 Data Analysis 

4.4.5.1 Descriptive Analysis  

The overall population of the hospital (i.e. all admissions during the study period) 

was compared to the subset of the population covered by the eQuality Insurance Scheme 

database. Populations in the two databases were compared using chi-square tests, where 

the null hypothesis was that the demographics of the admissions covered by eQuality 

Insurance Scheme did not significantly differ from the overall hospital population. Sex 
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and Indigenous identity could not be compared between datasets because these data were 

only available in the eQuality Insurance Scheme database.  

4.4.5.2 Regression Analyses 

Two Poisson regression models, one with counts of ARI admissions as the 

dependent variable and another with counts of pneumonia admissions as the dependent 

variable, were built to explore associations with meteorological parameters using the 

observations that could be matched to the eQuality database. The modeling estimated 

count ratios that represented the count of individuals admitted with ARI or pneumonia at 

BCH. Each model was built following the same procedures, beginning with producing a 

causal diagram to identify the independent variables of interest. Season (Green et al., 

2015; Xu et al., 2014) and year (Green et al., 2015) were identified as a priori 

confounders in both models (i.e. the model for the count of ARI admissions and the 

model for the count of pneumonia admissions model). Independent variables of interest 

were meteorological variables (i.e. average temperature and total precipitation for days 

zero to three lag) and were investigated to ensure data completeness (i.e. low 

missingness), and that variables were not collinear. If Pearson correlations between two 

independent meteorological variables were ≥|0.80|, the most biologically plausible 

variable was maintained for modeling. Linearity of continuous independent variables 

against the dependent variable was explored visually and non-linear independent 

variables were categorized accordingly, via visual assessment of cut-points. Linear 

independent variables were maintained in continuous form. Multivariable models were 

built (Dohoo et al., 2012), forcing in all a priori confounders, and by manually adding 
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and removing independent meteorological variables of interest, examining statistical 

significance (i.e. p-values), statistical confounding of other variables (i.e. variables not 

already identified as confounders that changed the parameter estimate of another variable 

by ≥20%), and changes in the fit of the model. Global significance tests were performed 

to determine the overall significance of independent categorical variables with more than 

two levels in the final model. Once final models including all observations matched to the 

eQuality database were determined for counts of ARI and pneumonia hospital 

admissions, we stratified those counts of ARI and pneumonia admissions models by 

Indigenous identity (i.e. Batwa and Bakiga). The fit of all models was examined via 

visual assessment of residuals, outliers, and dispersion, and goodness-of-fit testing. 

Where effect modification was observed, count ratios were plotted for Batwa and Bakiga 

to determine the point of convergence (i.e. the temperature or precipitation level where 

the count ratio was the same for both groups). Analyses for this study were conducted in 

STATA IC version 13.1 for Mac © (College Station, Texas). An alpha-value (i.e. p<0.05) 

was used for statistical inferences.   

4.5 Results 

4.5.1 Descriptive Analysis 

The demographics of the sub-population of hospital admissions that were matched 

to the eQuality Insurance Scheme (n=19,403) differed from the overall hospital 

population (n=41,216) (Appendix K). The eQuality insurance scheme database included 

more children (i.e. <5 years), fewer older adults (i.e. >55 years), more out-patient ward 
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admissions than pediatric or adult in-patient admissions, and fewer admissions from the 

years 2011 and 2014 than 2012 and 2013. 

4.5.2 ARI and Meteorological Parameters 

 No meteorological variables were significantly associated with all-cause ARI in 

the non-stratified model. Therefore, the model was not stratified by sub-population.  

4.5.3 Pneumonia and Meteorological Parameters  

 In the non-stratified model, the count of pneumonia diagnoses was significantly 

positively associated with increasing average temperature three days before admission to 

the hospital, after controlling for confounders (Table 4.1). In the stratified models, the 

count ratio of pneumonia diagnoses also increased with average temperature three days 

before admission to the hospital among Bakiga, after controlling for confounders (count 

ratio=1.103, p=0.002, 95% CI= 1.035, 1.174; Table 4.1). For Batwa, however, the 

direction of the association differed; as average temperature three days before admission 

to the hospital increased, the count ratio of pneumonia admissions significantly decreased 

among Batwa (count ratio=0.545, p=0.049, 95% CI= 0.297, 0.998; Table 4.1). The count 

ratios of an admission being diagnosed with pneumonia for Bakiga and Batwa converged 

at 20°C, which represented the 50th percentile of temperatures throughout the study 

period (Figure 4.2).  
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Table 4.1 Multivariable Poisson regression models demonstrating the associations of 
independent variables with count ratios of pneumonia hospital admissions at Bwindi 
Community Hospital, Uganda (2011-2014), with meteorological parameters after 
controlling for confounders (i.e. season and year), and stratified by Batwa and Bakiga 
peoples with meteorological parameters after controlling for confounders.  
 
Dependent Variable: Counts of Pneumonia Admissions 
 
Variable Count  

Ratio * 
P-
value 

95% Confidence 
Interval 

Non-stratified Model: Batwa and Bakiga, combined (n=19,403)**  
Average Temperature 3 Days Before Admission 
     Average temperature 3 days before admission 1.093 0.005 1.026, 1.163 
 
Stratified Batwa Meteorological Parameter Model* (n=245)** 
Average Temperature 3 days before admission 0.545 0.049 0.297, 0.998 
 
Stratified Bakiga Meteorological Parameter Model* (n=19,158)** 
Average Temperature 3 days before admission 1.103 0.002 1.036, 1.174 
*Adjusted for season and year. Outcomes from the modeling procedures produced count ratios. 
** Goodness-of-fit tests indicated that the model fit the data well. Residuals indicated somewhat poor fit of the models.  
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Figure 4.2 Count ratios of admissions diagnosed with pneumonia for Batwa (red), 
Bakiga (yellow), and all patients (orange) at Bwindi Community Hospital, Uganda 
(2011-2014), as temperatures increase, with 95% confidence bands.  

4.6 Discussion  

The associations between counts of pneumonia admissions and meteorological 

parameters (i.e. average temperature three days before admission) differed for Bakiga and 

Batwa. These findings are similar to findings from higher-income countries that 

suggested weather-ARI or weather-pneumonia associations differ for Indigenous peoples 

including in Australia (Xu et al., 2014), Israel (Fraser et al., 2001), and New Zealand 

(Grant et al., 1998). Our study strengthens existing evidence that relationships between 

meteorological parameters and climate-sensitive diseases may differentially impact sub-
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populations, and provides new evidence that this phenomenon may occur in low-income 

countries (Chapter 2).  

 Average temperatures were not associated with counts of all-cause ARI 

admissions in the model, potentially because the case definition for ARI is broad and 

includes infections caused by a number of different pathogens. However, temperature 

was positively associated with pneumonia admissions in the non-stratified model, and the 

magnitude and direction of this association was maintained for Bakiga in the stratified 

model. For Batwa, however, the direction and magnitude of the association was not 

maintained in the stratified model: for Batwa, the direction of the association between 

count of pneumonia admissions and temperature was reversed when stratified. For 

pneumonia, previous research found evidence of differences in the direction of the 

associations between Indigenous and non-Indigenous population pneumonia risks in 

Australia (Xu et al., 2014). The associations between temperature and count of 

pneumonia admissions may differ in direction for Batwa and Bakiga due to differences in 

hospital-level reporting behaviours (Berrang-Ford et al., 2012; Labbé et al., 2015); or 

differences in exposure-related behaviours (Berrang-Ford et al., 2012; Busch et al., 2019; 

Clark et al., 2015; Donnelly et al., 2016; Kulkarni et al., 2017; Labbé et al., 2015; 

MacVicar et al., 2017; Sauer et al., 2018). Our results highlight the importance and utility 

of stratified analyses to explore associations between meteorological parameters and 

admissions for climate-sensitive diseases, which improves understandings of potential 

climate impacts on health (O’lenick et al., 2017). Since the associations of temperature 

with pneumonia admissions differed for Batwa, warmer temperatures could lead to 
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maintained, reversed, or even new social gradients in health outcomes in Kanungu 

District.  

These results should be interpreted in the context of some limitations. In the 

interpretation of count ratios for ARI and pneumonia admissions, it should be recognized 

that these diagnosis patterns are not intended to be representative of, or proxies for, 

community-level disease counts or incidence (Bellos et al., 2010); indeed, hospital 

utilization varies by disease, severity of symptoms, and social determinants of health, and 

may influence incidences observed at the hospital.  

4.7 Conclusions 

In conclusion, average temperature was associated with counts of admissions of 

pneumonia at BCH. The associations of average temperature with counts of pneumonia 

admissions differed among Batwa and Bakiga, demonstrating the importance of 

stratification as an analytical technique for understanding how associations between 

temperature and climate-sensitive diseases could differ by sub-population and across 

social gradients in health.  

Knowledge to Action 
Knowledge to action meetings and workshops were conducted in Kanungu District, 

Uganda in 2018 with several research partners from across sectors. Relevant print 

materials are provided in Appendix L. 
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5.1 Situating this Chapter Within the Thesis Dissertation  
In the final research chapter of this thesis, the concepts investigated in the previous 

research chapters, including climate change impacts on health (Chapters 2, 3 and 4), 

effect modification (Chapters 2 and 4), and global health equity (Chapters 2, 3 and 4), 

come together in an exploration of representativeness in epidemiological investigations of 

climate-health associations. Specifically, this part of the research project starts with 

determining the prevalence estimates of cases of acute gastrointestinal illness (AGI) and 

malaria in Kanungu District compared to cases who self-reported hospital use. Next, we 

explored the associations between season and AGI or season and malaria for all cases 

compared to cases who self-reported hospital use.  

 

Building on findings from the systematic literature review (Chapter 2) and previously 

described investigations at BCH in Kanungu District (Chapters 3 and 4), this research 

investigates how over- or under-represented populations in hospital datasets may 

influence our understanding of climate change impacts on health. In particular, this thesis 

chapter contributes to answering the larger question: Does climate-health research 

exclude some population groups when relying on hospital data sources?	
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Chapter 5: 

Exploring representativeness in hospital data for climate-

health research in Uganda 

5.2 Abstract  
Background: 
 Hospital data are often used in climate-health research; however, these data may 

not be representative of the diverse populations that hospitals serve, potentially excluding 

some populations from current climate-health research. Herein, we explore the potential 

for under- or over-representation of sub-populations in research by examining 

associations of AGI and malaria with wet and dry seasons in Uganda.  

Methods: 
 Community questionnaires were conducted in ten Bakiga and ten Indigenous 

Batwa communities in wet and dry seasons to capture community-level health data and 

self-reported hospital use. We compared participant proportions of age, sex, distance to 

the hospital, and Indigenous identity among all questionnaire participants (i.e. source 

population) to participant proportions among questionnaire participants who self-reported 

AGI or tested positive for malaria and to participant proportions among those who self-

reported hospital use. Self-reported AGI 2-week period prevalence and malaria point 

prevalence (determined via rapid diagnostic test) were estimated and stratified by age, 

sex, distance to the hospital, and Indigenous identity. These stratified prevalence 

estimates were compared to each other across demographic characteristics to explore 

which demographic groups might be over- or under-represented in hospital data. Logistic 

regression was used to investigate whether associations of AGI and malaria with wet and 

dry seasons changed when using data from all questionnaire participants compared to 

data from questionnaire participants that self-reported hospital use.  
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Results: 
 The demographic proportions of those who self-reported hospital use differed 

from the proportions of all self-reported cases of AGI or positive malaria tests: older 

children (i.e. 6-12 years), adults (19-55 years), males, and those living far from the 

hospital were under-represented for malaria; and children (i.e. 19-55 years) and those 

who lived close to the hospital were under-represented for AGI. Prevalence estimates for 

AGI and malaria were generally higher for Indigenous Batwa than for Bakiga; however, 

the proportion of Batwa with AGI or malaria who reported hospital use was generally 

lower than Bakiga. The associations of self-reported AGI or malaria with season were 

different directions and/or magnitudes than the associations estimated using data from 

questionnaire participants who self-reported hospital use for the same disease.  

Conclusions: 
Research may under-represent sub-populations who use the hospital less often; 

thus, populations with less access to healthcare or who choose to use healthcare services 

less may be underrepresented in our understanding of climate change impacts on health. 

Keywords:  
Representativeness, climate-health research, Indigenous peoples, community 

questionnaire data, self-reported hospital use, health equity, Uganda 

5.3 Introduction 
The social determinants of health influence how individuals experience climate 

change impacts on health [1, 2]. Sub-populations experience varying levels of climate-

health risks based on social determinants of health [3, 4]: those who are poor, young or 

elderly, female, Indigenous, and/or live remotely tend to experience more severe negative 

climate-health outcomes due, in part, to health inequities [5-12]. Many of these sub-

populations have differential access to, and use of, healthcare services. As such, the 

individuals who use hospital services – and are, therefore, represented in hospital datasets 

– are rarely representative of the source population (i.e. all those residing in the hospital 

catchment area) [13-16]. Hospital datasets thus tend to over-represent individuals who 
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can afford to miss work, travel to the hospital, and receive care compared to the source 

population, as well as those who are sickest [13-17]. While most of these factors that 

influence who is over-represented in hospital data reflect access to care [13-17], those 

who are sickest may also be over-represented due to the severity of their symptoms and 

the inherent need for more advanced levels of care compared to the general population. 

Hospital datasets are commonly used in climate-health investigations because they can 

provide retrospective information on a large number of individuals and often provide 

detailed data on health exposures and outcomes [13-16]. Since hospital datasets may not 

represent the spectrum of social gradients in health of the source population, climate-

health research using hospital-based data may unintentionally over- and/or under-

represent some sub-populations.  

Epidemiologists acknowledge that the need for representativeness among study 

participants varies depending on study design and objectives, as does the ability to 

achieve representativeness [18-24]. For example, to quantify disease frequency or 

distributions requires a representative sample of the population [18-24]. In climate-health 

research, estimates of climate change impacts on disease frequency or distribution also 

require a representative sample. However, to estimate associations for a specific sub-

population (i.e. a non-generalizable finding) does not require a sample that is 

representative of the population, but rather one that is representative of the sub-

population of interest [21, 22, 24]. In fact, these sub-population specific studies 

sometimes benefit from a non-representative sample to identify individuals who are 

eligible for the study [21, 22, 24].  

Therefore, we explore how sub-populations with different demographics may be 

represented in research that uses hospital data in a low-resource setting. We illustrate the 

implications of non-representativeness on research for climate-sensitive health outcomes 

using empirical data from a community questionnaire, comparing all participants to 

participants who self-reported disease and participants who self-reported hospital use in 

Kanungu District, Uganda. The study objectives were to: (i) compare proportions of 

demographic characteristics for all questionnaire participants to demographic 

characteristics of questionnaire participants who self-reported acute gastrointestinal 

illness (AGI) or tested positive for malaria via rapid diagnostic testing (RDT) and 
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demographic characteristics of those who self-reported hospital use for AGI or malaria; 

(ii) estimate 2-week period prevalence of self-reported AGI and point prevalence of 

positive malaria tests using community questionnaire data and examine the proportions of 

individuals who self-reported hospital use stratified by demographic characteristics; and 

(iii) explore associations between AGI or malaria with wet and dry seasons using data 

from questionnaire participants who self-reported AGI or malaria compared to data from 

questionnaire participants who self-reported hospital use for AGI or malaria.  

5.4 Methods 

5.4.1 Approach 
 This study was part of the Indigenous Health Adaptation to Climate Change 

(www.ihacc.ca) Research Project that was conducted in partnership with Bakiga and 

Indigenous Batwa communities and the Bwindi Community Hospital (BCH) in Kanungu 

District. According to EcoHealth principles of systems thinking, transdisciplinarity, 

participation, and social and gender equity [25], research protocols and ethics procedures 

were co-generated with communities and BCH. Knowledge sharing was implemented via 

in-person, cross-sectoral meetings with over 100 individuals to discuss interpretation and 

implications of preliminary findings.  

5.4.2 Study Design  
The study was conducted in Kanungu District in rural Southwestern Uganda, 

where the population consists of approximately 88% Bakiga [26, 27] and 1% Indigenous 

Batwa [26, 28, 29] peoples. The cohort study design involved sampling the same 

participants at two points in time: July 2013 and April 2014.  

5.4.3 Community Context 
There are substantial health inequities between the Batwa and Bakiga in this 

region (Appendix M); Batwa consistently face greater health challenges than Bakiga, 

rooted in displacement of Batwa from their ancestral lands in the early 1990s [30, 31] and 
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disparities in the social determinants of health [3, 10, 28, 32-35]. Given that there is 

known health inequity between the two populations, our aim was to determine whether 

this might influence how populations are represented in climate-health research using 

hospital-reported data. 

5.4.4 Community Questionnaire Data  
Community-level health data were collected via questionnaires in one dry season 

(July 2013) and one wet season (April 2014) (Appendix M). A census of all households 

in Batwa communities (99% response rate [36]) and a two-stage systematic sample of 

one randomly selected adult participant in 40% of households in neighbouring Bakiga 

communities in the BCH catchment area (i.e. the source population for the hospital) [10, 

33]. The questionnaires were used to collect data on self-reported AGI (i.e. any illness 

that included vomiting or diarrhea, where diarrhea was defined as ≥3 loose stools in a 24-

hour period in the past 2-weeks) [33]. RDTs for malaria were conducted to confirm 

current clinical diagnosis of malaria among community participants via presence of the 

parasite antigen in a participant’s blood (i.e. the gold standard test) [10]. For both AGI 

and malaria cases, data on self-reported hospital use were captured. Demographic data 

captured in questionnaires included Indigenous identity (i.e. Batwa or Bakiga), age, sex, 

and community address (i.e. used to categorize distance to hospital).  

5.4.5 Analysis 
5.4.5.1 Describing Populations  

 The demographic proportions of questionnaire participants who self-reported AGI 

or tested positive for malaria via RDT were compared to the demographic proportions of 

those who self-reported hospital use for AGI or malaria. Proportions were compared by 

chi-square tests for age groups (i.e. 0-5, 6-12, 13-18, 19-55, and >55 years), sex (i.e. 

male, female) distance to hospital (i.e. near, far, very far), and Indigenous identity (i.e. 

Indigenous Batwa, Bakiga). Distances were categorized according to local terrain, roads, 

and geography, accounting for both distance from the community to BCH and difficulty 

of travel.  
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5.4.5.2 Prevalence Estimates  

 Prevalence estimates of self-reported AGI and positive malaria tests using 

community-level data were estimated. AGI cases reported in the questionnaire dataset 

were used to estimate the 2-week period prevalence of AGI in the community; RDT 

results were used to estimate the point prevalence of malaria in the community. 

Prevalences were estimated using the count of cases for each diagnosis (i.e. AGI or 

malaria, separately) in July 2013 and April 2014 as the numerator and the total number of 

community questionnaires collected during the study period as the denominator. 

Prevalence estimates for AGI and malaria were also calculated stratified by Indigenous 

identity (i.e. Indigenous Batwa, Bakiga). Prevalence estimates for all community 

questionnaire participants and for community questionnaire participants stratified by 

Indigenous identity were each further stratified by age, sex, and distance to hospital.  

To determine whether the prevalence estimates of AGI and malaria for 

questionnaire participants who self-reported hospital use at BCH were representative of 

prevalence estimates for AGI or malaria in the source population, prevalence estimates 

for questionnaire participants who self-reported hospital use were divided by prevalence 

estimates for all questionnaire participants (i.e. the source population). These prevalences 

were used to calculate the ratio of AGI or malaria cases in the source population to those 

who self-reported their illness to BCH. The resulting ratios were compared across sub-

population demographics to identify potential differences in representativeness.   

 

5.4.5.3 Associations   

 In order to determine if outcomes using different data sources are comparable, 

associations of AGI with wet and dry seasons and malaria with wet and dry seasons were 

estimated using data for all questionnaire participants and then by using data for 

questionnaire participants who self-reported hospital use.  In total, four multivariable 

logistic regression models were built: (i) AGI as the dependent variable using data for all 

questionnaire participants; (ii) AGI as the dependent variable using data for questionnaire 

participants who self-reported hospital use; (iii) malaria as the dependent variable using 

data for all questionnaire participants; and (iv) malaria as the dependent variable using 
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data for questionnaire participants who self-reported hospital use. Independent variables 

considered in all models were season, age category, sex, Indigenous identity, and distance 

to the hospital. First, causal diagrams were created to identify confounders of the 

relationships between the health outcomes and season. Next, the independent variables 

were investigated for suitability in the model: descriptive statistics were used to confirm 

sufficient cell counts (i.e. ≥5) and data completeness. Pearson correlation tests were used 

to determine that exposure variable correlations were <|0.80| to eliminate collinearity; if 

correlations were ≥|0.80|, the most biologically plausible variable was maintained. Next, 

univariable models were built with either AGI or malaria as the dependent variable, with 

wet and dry season as the independent variable of interest. Then, multivariable logistic 

regression models were built with either AGI or malaria as the dependent variable, with 

the following independent variables of interest: wet and dry season, age category, sex, 

Indigenous identity, and distance to the hospital. The direction and magnitude of the 

coefficients between AGI or malaria in the wet season versus the dry season using the 

data for all questionnaire participants were compared to coefficients estimated using data 

for questionnaire participants who self-reported hospital use.  

5.5 Results 

5.5.1 Comparing Hospital and Source Population Demographics 
 The demographic proportions for questionnaire participants who self-reported 

AGI or malaria were significantly different from the demographic proportions for 

questionnaire participants who self-reported hospital use for AGI or for malaria (Figure 

5.1). Specifically, the demographic proportions of those who self-reported hospital use 

differed from the proportions of all self-reported cases of AGI or positive malaria tests: 

older children (i.e. 6-12 years), adults (19-55 years), males, those living far from the 

hospital, and Batwa were under-represented for malaria; and young children (i.e. 0-5 

years) and those who lived near the hospital were under-represented for AGI.  
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Figure 5.1 Proportions of demographics for all questionnaire participants (i.e. source population, n= 1,936) compared to questionnaire 
participants who self-reported AGI or had a positive malaria RDT were compared to those for questionnaire participants who self-
reported hospital use for AGI or malaria by age, sex, distance to hospital, and Indigenous identity. 
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5.5.2 Comparing Prevalence Estimates of AGI and Malaria between 

Source and Hospital Populations 
 Prevalence estimates of AGI and of malaria in the source population were 

substantially higher than prevalence estimates among those who self-reported hospital 

use for AGI or malaria (i.e. questionnaire participants that self-reported hospital use, 

representing those cases who would typically be captured in hospital-level datasets) 

(Table 5.1, Table 5.2). Of all AGI cases, 59.5% self-reported hospital use. The prevalence 

of AGI in the population was 4.2%; however, if the prevalence was calculated using 

hospital data (i.e. self-reported hospital use), the prevalence would be 2.3%. Therefore, 

we would have missed 45.2% of AGI cases by using the hospital dataset (i.e. self-

reported hospital use; i.e. 54.8% of cases would have been included). Of all malaria 

cases, 29.8% self-reported hospital use. The prevalence of malaria in the population was 

8.2%; however, if the prevalence was calculated using hospital data (i.e. self-reported 

hospital use), the prevalence would be 24.0%. Therefore, we would have missed 65.8% 

of malaria cases by using the hospital dataset (i.e. self-reported hospital use; i.e. 34.2% of 

cases would have been included). Prevalence estimates of AGI and malaria were 

generally higher among Batwa than Bakiga; however, Batwa were typically less likely to 

self-report hospital use for AGI or malaria cases than Bakiga (Table 5.1, Table 5.2). 

There was variation in the ratios of AGI and malaria cases to hospital use across age 

groups. Males and females with AGI reported similar hospital use; however, females with 

malaria were more likely to report hospital use for malaria than males. Hospital use 

varied by distance from the hospital; however, those who lived very far from the hospital 

did not report hospital use for AGI or malaria.	
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Table 5.1 Acute gastrointestinal illness (AGI) 2-week period prevalence calculated for all questionnaire participants and for 
questionnaire participants who self-reported hospital use (i.e. cases who would be captured in hospital datasets) at Bwindi Community 
Hospital (Kanungu District, Uganda) in July 2013 and April 2014, stratified by Indigenous identity and by age, sex, and distance to 
the hospital. 

 All Questionnaire Participants (n=1,936)  Batwa Questionnaire Participants (n=780) Bakiga Questionnaire Participants (n=1,156) 
Demographics AGI 2-week 

period 
prevalence in 
source 
population (%) 

(95% CI) 

AGI 2-week 
period 
prevalence 
those who self-
reported 
hospital use  
(%) 
(95% CI) 

Proportion of 
cases who 
self-reported 
hospital use  

AGI 2-week 
period 
prevalence 
in source 
population  
(%) (95% 
CI) 

AGI 2-week 
period 
prevalence for 
those who self-
reported 
hospital use  
(%) 
(95% CI) 

Proportion of 
cases who 
self-reported 
hospital use 

AGI 2-week 
period 
prevalence 
in source 
population  
(%) (95% 
CI) 

AGI 2-week 
period 
prevalence for 
those who self-
reported 
hospital use  
(%) 
(95% CI) 

Proportion of 
cases who self-
reported 
hospital use 

Entire 
population 

4.2% (3.4, 5.2)* 2.3 (1.7, 3.1)* 54.8 5.1 (3.7, 
94.6) 

2.6 (1.6, 3.9) 51.0 3.6 (2.7, 4.9) 2.2 (1.5, 3.2) 61.1 

Age 
Categories 
     0-5 years 
 
     6-12 years 
 
     13-18 years 
 
     19-55 years 
 
     >55 years 

 
4.1 (1.3, 7.5) 
 
2.5 (0.9, 6.5) 
 
4.2 (3.1, 5.7) 
 
5.2 (3.1, 8.6) 
 
0 

 
2.4 (1.1, 5.3) 
 
1.2 (0.3, 4.8) 
 
2.6 (1.8, 3.8) 
 
1.7 (0.7, 4.2) 
 
0 

 
58.5 
 
48.0 
 
61.9 
 
32.7 
 
NA 

 
3.6 (1.4, 6.9) 
 
2.9 (0.7, 
11.2) 
 
6.0 (3.9, 9.1) 
 
7.2 (3.6, 
13.9) 
 
0 

 
1.7 (0.4, 6.9) 
 
2.8 (0.7, 10.9) 
 
3.4 (1.9, 5.9) 
 
2.5 (0.8, 7.7) 
 
0 

 
47.2 
 
96.6 
 
56.7 
 
34.7 
 
NA 

 
4.5 (2.0, 9.8) 
 
2.2 (0.5, 8.4) 
 
3.1 (2.1, 4.9) 
 
3.8 (1.7, 8.2) 
 
0 

 
3.1 (1.1, 7.8) 
 
2.2 (0.5, 8.4) 
 
2.1 (1.2, 3.6) 
 
1.2 (0.3, 4.8) 
 
0 

 
68.9 
 
1 
 
67.7 
 
31.8 
 
NA 

Sex 
     Male 
 
     Female 

 
4.1 (2.9, 5.7) 
 
3.6 (2.6, 5.0) 

  
2.3 (1.5, 8.6) 
 
1.9 (1.2, 3.0) 

 
56.1 
 
52.8 

 
4.5 (2.7, 7.4) 
 
3.6 (1.9, 6.6) 

  
2.1 (0.9, 4.3) 
 
1.7 (0.7, 4.1) 

 
46.7 
 
47.2 

 
3.8 (2.4, 6.0) 
 
3.6 (2.4, 5.3) 

 
2.4 (1.4, 4.4) 
 
2.0 (1.2, 3.3) 

 
63.2 
 
55.0 

Distance to 
Hospital 
     Near 
 
     Far 
 
     Very Far 

  
 
3.9 (2.7, 5.6) 
 
6.7 (4.9, 9.0) 
 
0 

 
 
1.9 (1.1, 3.1) 
 
3.9 (2.6, 5.8) 
 
0 

 
 
48.7 
 
58.2 
 
NA 

 
 
6.6 (4.4, 9.8) 
 
6.1 (3.7, 9.7) 
 
0 

  
 
2.8 (1.5, 5.2) 
 
3.8 (2.1, 7.0) 
 
0 

 
 
42.4 
 
62.3 
 
NA 

 
 
1.5 (0.7, 3.4) 
 
7.2 (4.8, 
10.6) 
 
0 

 
 
1.1 (0.3, 2.7) 
 
4.0 (2.3, 6.8) 
 
0 

 
 
73.3 
 
54.1 
 
NA 

* Indicates significant differences between prevalence ratio among all community questionnaire participants and among questionnaire participants who self-
reported hospital use.  
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Table 5.2 Malaria point prevalence calculated for all questionnaire participants and for questionnaire participants who self-reported 
hospital use (i.e. cases who would be captured in hospital datasets) at Bwindi Community Hospital (Kanungu District, Uganda) in July 
2013 and April 2014, stratified by Indigenous identity and by age, sex, and distance to the hospital. 

 All Questionnaire Participants (n=1,936)  Batwa Questionnaire Participants (n=780) Bakiga Questionnaire Participants (n=1,156) 

Demographics Malaria point 
prevalence in 
source 
population (%) 

(95% CI) 

Malaria point 
prevalence for 
those who self-
reported 
hospital use 
(%) (i.e. 
hospital 
population) 
(95% CI) 

Proportion of 
cases who 
self-reported 
hospital use 

Malaria point 
prevalence in 
source 
population 
(%) 

(95% CI) 

Malaria point 
prevalence for 
those who self-
reported 
hospital use 
(%) (i.e. 
hospital 
population) 
(95% CI) 

Proportion 
of cases who 
self-reported 
hospital use 

Malaria point 
prevalence in 
source population 

(95% CI) (%) 

Malaria point 
prevalence for 
those who self-
reported hospital 
use (%) (i.e. 
hospital 
population) 
(95% CI) 

Proportion of 
cases who self-
reported 
hospital use  

Entire 
Population 

8.2 (7.0, 9.5) 5.0 (4.1, 6.1) 0.610 11.2 (9.1, 
13.6)* 

5.1 (3.7, 6.8)* 45.5 0.061 (0.049, 0.077) 0.049 (0.038, 0.06) 80.3 

Age 
Categories 
     0-5 years 
 
     6-12 years 
 
     13-18 years 
 
     19-55 years 
 
     >55 years 

 
16.3 (12.2, 
21.5)* 
 
11.7 (7.6, 
17.7)* 
 
3.5 (2.5, 4.8) 
 
5.8 (3.6, 9.2) 
 
0 

 
2.4 (1.1, 5.3)* 
 
3.0 (1.3, 7.2)* 
 
5.0 (3.8, 6.6) 
 
8.9 (6.1, 12.9) 
 
0 

 
14.7 
 
25.6 
 
>1** 
 
>1** 
 
NA 

 
15.0 (9.5, 
23.0)* 
 
12.7 (6.6, 22.9) 
 
5.1 (3.2, 8.0) 
 
9.5 (5.3, 16.6) 
 
0 

 
1.8 (0.4, 6.9)* 
 
2.8 (0.9, 10.9) 
 
6.3 (4.1, 9.3) 
 
9.3 (5.2, 16.2) 
 
0 

 
12.0 
 
22.0 
 
>1** 
 
97.9 
 
NA 

 
0.174 (0.118, 0.250) 
 
0.110 (0.059, 0.194) 
 
0.025 (0.015, 0.041) 
 
0.031 (0.012, 0.072) 
 
0 

 
0.030 (0.011, 0.078) 
 
0.032 (0.010, 0.097) 
 
0.043 (0.029, 0.062) 
 
0.084 (0.050, 0.138) 
 
0 

 
17.2 
 
29.1 
 
>1** 
 
>1** 
 
NA 

Sex 
     Male 
 
     Female 

 
9.9 (8.0, 12.2)* 
 
7.1 (5.7, 9.0) 

 
3.9 (2.8, 5.6)* 
 
5.1 (3.9, 6.6) 

 
39.3 
 
71.8 

 
13.5 (10.2, 
17.6)* 
 
11.1 (7.9, 
15.4)* 

 
3.3 (1.8, 5.9)* 
 
4.5 (2.6, 7.7)* 

 
24.4 
 
40.5 

 
0.072 (0.051, 0.100) 
 
0.055 (0.040, 0.075) 

 
0.044 (0.029, 0.068) 
 
0.053 (0.038, 0.072) 

 
61.1 
 
96.4 

Distance to 
Hospital 
     Near 
 
     Far 
 
     Very Far 

 
 
11.5 (9.4, 
14.0)* 
 
8.6 (6.6, 11.1)* 
 
0 

 
 
3.7 (2.6, 5.4)* 
 
4.4 (3.0, 6.5)* 
 
0 

 
 
32.2 
 
51.2 
 
NA 

 
 
14.6 (11.3, 
18.7)* 
 
7.6 (4.9, 11.5) 
 
0 

 
 
4.2 (2.5, 6.9)* 
 
4.9 (2.9, 8.4) 
 
0 

 
 
28.8 
 
64.5 
 
NA 

 
 
0.086 (0.061, 0.118) 
 
0.093 (0.066, 0.130) 
 
0 

 
 
0.033 (0.019, 0.056) 
 
0.040 (0.023, 0.068) 
 
0 

 
 
38.4 
 
43.0 
 
NA 

* Indicates significant differences between point prevalence among all community questionnaire participants and among questionnaire participants who self-
reported hospital use. 
** Indicates areas where reported hospital use exceeds prevalence of clinical malaria, according to rapid diagnostic test. Rapid diagnostic test represents point 
prevalence data at time of testing. For instance, this is possible if a person had a case of malaria in the past 2 weeks they may have self-reported hospital use but 
not had a positive RDT (i.e. test at a point in time) because the malaria was treated.  
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5.5.3 Comparing Associations between Source and Hospital Populations 
In the multivariable models, coefficients for AGI with wet and dry seasons 

estimated using data for all questionnaire participants differed from coefficients estimated 

using data for questionnaire participants who self-reported hospital use. Specifically, the 

AGI model built with data from all questionnaire participants found a significant negative 

association between AGI and wet or dry seasons (i.e. self-reported AGI hospital 

admissions were lower in April 2014; coeff: -1.013; 95%CI: -0.521- -1.662; Figure 5.2). 

However, in the AGI model built with data from questionnaire participants that self-

reported hospital use, AGI was not significantly associated with wet season (coeff: -

1.374, 95% CI: 0.049, -2.798).  

In the multivariable models for malaria, coefficients for disease associations with 

wet and dry seasons using data for all questionnaire participants differed from 

coefficients estimated using data for questionnaire participants who self-reported hospital 

use. In the malaria model built with all questionnaire participants, malaria was 

significantly negatively associated with seasons (i.e. more individuals had a positive 

malaria rapid diagnostic test in July 2013 than April 2014; coeff: 1.100, 95% CI: -0.381, -

1.819; Figure 5.3). In contrast, the malaria model built with questionnaire participants 

who self-reported hospital use, malaria was significantly negatively associated with 

seasons with non-overlapping confidence intervals (i.e. self-reported malaria hospital 

admissions were lower in July 2013 than April 2014; coeff: -3.857; 95% CI: -2.464, -

4.710).  
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Figure 5.2 Multivariable logistic regression models with associations of acute 
gastrointestinal illness (AGI) with season and demographic variables estimated 
using a dataset for all questionnaire participants compared to participants who 
self-reported hospital use in Kanungu District, Uganda in July 2013 and April 
2014. 

 
* Similarity (i.e. no grey bar) was defined as any one of the following scenarios: (1) both models 
did not produce a significant association between the dependent and independent variable, or (2) 
both models produced significant associations in the same direction with overlapping confidence 
intervals. Dissimilarity was defined as any one of the following scenarios: (1) one model produced 
a significant result while the other model did not, or (2) the models both produced significant 
associations with non-overlapping confidence intervals. 
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Figure 5.3 Multivariable logistic regression models with associations of malaria 

with season and demographic variables estimated using a dataset for all 

questionnaire participants compared to participants who self-reported hospital use 

in Kanungu District, Uganda in July 2013 and April 2014. 
 

 
* Similarity (i.e. no grey bar) was defined as any one of the following scenarios: (1) both models 
did not produce a significant association between the dependent and independent variable, or (2) 
both models produced significant associations in the same direction with overlapping confidence 
intervals. Dissimilarity was defined as any one of the following scenarios: (1) one model produced 
a significant result while the other model did not, or (2) the models both produced significant 
associations with non-overlapping confidence intervals. 
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5.6 Discussion  
 When comparing the demographic proportions in the participants who self-reported AGI 

or malaria to the participants who self-reported hospital use for AGI or malaria, various 

populations were over- or under-represented. These results provide evidence that demographics 

of hospital attendances are often different than the demographics of the population who 

experience the diseases, as has been found in other studies [17, 36, 37].  

 Estimates of prevalence for both AGI and malaria were higher among all questionnaire 

participants that reported disease than among those community questionnaire participants that 

self-reported hospital use at BCH. Higher prevalence estimates in the community are not 

surprising based on known under-reporting typical for both diseases [38]; under-reporting for 

AGI and malaria are both normal, depending on the severity of disease and other factors that 

influence a choice to seek care at the hospital. For malaria, the proportion of hospital attendances 

was occasionally higher than 1, likely because self-reported hospital attendances due to other 

causes of fever could be mistaken for malaria [10] or because malaria was confirmed by RDT at 

a point in time (i.e. point prevalence) but self-reported hospital attendance for malaria referred to 

any self-reported case of malaria in the previous 14 days. This was addressed in other sections of 

the paper by reporting positive RDT results for malaria (i.e. confirmed cases) rather than self-

reported malaria/ fevers. The proportion of AGI or malaria cases among all community 

questionnaire participants compared to community questionnaire participants who self-reported 

hospital use differed across demographics. Our results suggest that a hospital case of AGI or 

malaria at BCH may represent different numbers of cases in the source population, depending on 

demographic characteristics. For example, 55% of AGI cases self-reported hospital use; 

however, only 51% of Batwa self-reported hospital use for AGI while 61% of Bakiga self-

reported hospital use for AGI. Differences in hospital attendance patterns between Batwa and 

Bakiga individuals may be related to a variety of social determinants of health and health 

inequities, such as the relative rurality of Batwa communities compared to Bakiga communities, 

different age distributions influencing disease severity, and/or forced relocation of Batwa from 

their ancestral forest lands in recent generations that influenced many social determinants, such 

as increased financial barriers or different health-seeking behaviours [3, 28]. Further, given the 

higher 2-week period prevalence of AGI among Batwa than Bakiga, it is possible that Batwa 
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community members may be desensitized to the symptoms of AGI. These findings illustrate a 

few ways in which sub-populations may be over- or under-represented in climate-health research 

conducted with hospital-level datasets [3].  

Proportions of community questionnaire participants that self-reported hospital use (i.e. 

representative of the hospital population) for AGI or malaria compared to all questionnaire 

participants who self-reported AGI or malaria were often closer to 100% (i.e. more 

representative) for Bakiga than for Batwa; proportions for representativeness that were closer to 

100% indicate that Bakiga were more likely to use the hospital than Batwa. However, other 

demographics, such as age and sex, had more variable impacts on representativeness at the 

hospital. For age categories, prevalence estimates from the hospital dataset were more 

representative of the population who self-reported disease for children than adults (i.e. 

proportions of cases who self-reported hospital use), as would be expected based on the 

literature, suggesting that children are more likely to be seen in hospital for AGI or malaria than 

other age groups [39]. Prevalence estimates for questionnaire participants that self-reported 

hospital use were often closer to the prevalence estimates for those who self-reported disease (i.e. 

proportions closer to 100%) for AGI than for malaria. AGI 2-week period prevalence estimates 

may have been closer to the source population estimates than malaria point prevalence estimates 

because AGI is common across all ages in Kanungu District [33]. Differences in the ways that 

male and female community questionnaire participants self-reported hospital use for AGI could 

be partially explained by women in lower-income countries typically having less access to 

healthcare services [40, 41]. Female questionnaire participants self-reported seeking care for 

malaria at BCH more often than male questionnaire participants, which may be related to the 

risks of malaria during pregnancy or gender-specific vector exposure and health-protection 

behaviours [10, 42]. Questionnaire participants who lived near the hospital self-reported hospital 

use for AGI slightly less often than questionnaire participants who lived far or very far from the 

hospital, making the AGI prevalence estimates from those who reported seeking hospital care 

more representative of the source population for individuals who lived further from the hospital. 

More representative prevalence estimates for individuals living further from the hospital might 

be related to increased risk factors for malaria in more rural communities [10]. Typically, 

hospital-based estimates of disease frequency would be more accurate for individuals living near 

the hospital, primarily related to reduced costs of travel and reducing other barriers related to 
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travel [41, 43, 44]. Despite further subsidizing healthcare costs for Batwa compared to Bakiga at 

BCH [45], Batwa questionnaire participants self-reported hospital use proportionally less often 

than Bakiga questionnaire participants. Therefore, substantial barriers to accessing or receiving 

care may still exist for Batwa, such as distance to the hospital, negative past experiences with 

racism that influenced access to or quality of care, residual financial costs, and/or they have 

higher resilience to severe disease and therefore are less likely to seek hospital care [28].  

The associations estimated in multivariable models for AGI and malaria built using the 

questionnaire data for all AGI cases or all malaria cases differed from the associations estimated 

using the questionnaire data for participants who self-reported hospital use for AGI or malaria. A 

difference in estimated associations between the two population groups has implications for 

climate-health research; given climate-health research commonly uses hospital-level datasets, 

some sub-populations with less access to, and/or use of, healthcare services might be overlooked 

in the literature. This is particularly important for climate-health research, as the most vulnerable 

sub-populations (i.e. those who typically experience the greatest negative health outcomes 

associated with climate change) are also those sub-populations who are often under-represented 

in the datasets commonly used for climate-health investigation.  

5.7 Conclusions 
 This study used empirical questionnaire-based datasets to compare a community source 

population to the population that is typically represented in hospitals, in order to demonstrate 

ways that the collective body of climate-health research may over- or under-represent sub-

populations when using hospital datasets.  
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Chapter 6: 

Discussion 

6.1 Summary of Studies 
There is strong and widespread evidence documenting the progression of climate 

change [1], and a mounting body of literature establishing links between climate change 

and health outcomes [2, 3] (Chapters 2-5). Research that explores how the social 

determinants may modify or mediate associations between climate and health outcomes 

is also increasing considerably [4, 5] (Chapters 2 and 4).  

This dissertation provided evidence that there is variability in the type of 

associations between weather and acute respiratory infections (ARI) amongst Indigenous 

peoples and non-Indigenous peoples living in the same regions. Based on a systematic 

review of the global literature, the direction and magnitude of the differences varied by 

location (Chapter 2); for instance, 11 of 12 studies identified in the systematic review 

found that season- or weather-ARI associations (i.e. statistical associations) and/or 

relationships (i.e. disease patterns) differed for Indigenous and non-Indigenous peoples. 

All of the studies identified via the systematic review; however, described research 

conducted in higher-income countries, which highlighted the need for additional climate-

health investigations across socio-political and socio-environmental contexts (Chapter 2).  

Chapter 3 of this dissertation research investigated meteorological associations 

with health in southwestern Uganda in partnership with Bwindi Community Hospital 

(BCH). The most common diagnoses during hospital admission (i.e. on out-patient ward, 

adult in-patient ward, and pediatric in-patient ward) were climate-sensitive diseases (i.e. 

ARI, acute gastrointestinal illness [AGI], and malaria). Investigating the seasonal and 

meteorological patterns revealed that these were associated with admissions for all causes 

at BCH (Chapter 3, [6]); specifically, temperature increases were significantly positively 

associated with all-cause admissions. Given these results, monitoring meteorological 

parameters might be useful for hospital planning in southwestern Uganda and in other 

low-resource settings.  

Chapter 4 described research that investigated associations of ARI hospital 

admissions with meteorological parameters at BCH in Uganda, with a particular focus on 
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the context of climate change for Bakiga and Indigenous Batwa. Meteorological 

parameters were not associated with counts of general ARI hospital admissions in a 

multivariable Poisson regression model. When narrowing the focus of the analyses to 

counts of pneumonia hospital admissions, a type of ARI, average temperature three days 

before admission was associated with increased counts of pneumonia hospital admissions 

at BCH in the non-stratified model (i.e. including both Bakiga and Indigenous Batwa 

peoples). In models stratified by Bakiga and Indigenous Batwa peoples, the magnitude 

and direction of this association was maintained for Bakiga; however, for Indigenous 

Batwa, the association was still significant but in the opposite direction. As such, Bakiga 

and Indigenous Batwa may differentially experience socially-patterned climate-sensitive 

health outcomes associated with meteorological parameters (Chapter 4), which has 

implications in the context of climate change [7].  

Another aspect of the research for this dissertation was an investigation of 

representativeness in hospital data collected by BCH (Chapter 5). Hospital data are often 

used to estimate climate-health associations because of their relative availability 

compared to other health-related data sources and generally good quality data. As a 

result, the representativeness of hospital data and the climate-health associations 

identified using those data have important implications for our broader interpretation of 

climate-health impacts. The direction and magnitude of associations of AGI or malaria 

prevalence with season for hospital users often differed from the associations identified in 

the source population. Since hospital data are typically less representative of lower socio-

economic status groups [8], these groups may not be captured in our broader 

understanding of how climate change impacts health outcomes.  

 

 

6.2 Climate-Resilient Health Systems 
Climate change adaptation is necessary from the local to the global scale (Chapter 

1), and increasing health system resilience will support climate preparedness at all of 

these levels [9-20]. The World Health Organization (WHO) developed a framework for 

Climate Resilient Health Systems (CRHS) [21], extending the Building Blocks of Health 

Systems Framework [22]. Some components of this framework were used to guide 
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interpretation of the dissertation findings. The CRHS framework also provided a starting 

point for addressing an often-overlooked element that is essential to the development of 

CRHS: the explicit role of social determinants of health (SDoH) (Figure 6.1).  

 
Figure 6.1. Dissertation research chapters in context of their contribution to the 

components of the World Health Organization’s (WHO) Climate Resilient Health 

Systems Framework (CRHS) [21]. Inner circles include the components of the CRHS 

[21], while the outer circle illustrates how each of the dissertation chapters contributes to 

achieving these goals.  
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6.2.1 Climate-Health Partnerships  
Ugandan government and healthcare practitioner perspectives were intentionally 

integrated throughout the dissertation research via meaningful partnerships, collaborative 

study design, and by iterative results interpretation and clarification discussions (Chapters 

3-5) [21]. Long-standing partnerships with local government-based leadership, hospital 

administrators and staff, and community members were integral to this dissertation 

research; such partnerships reflect the EcoHealth principles [23] of participation, 

transdisciplinarity, and knowledge-to-action (Chapter 1). We provided safe spaces to 

speak freely and frankly where BCH staff and administrators and government 

representatives met to share their ideas and interpretations of the research findings. 

Participants described these interactions as valuable for planning to address climate-

health challenges in Bwindi and for discussing opportunities to increase resilience and 

preparedness at BCH. Health centre staff and resources are critical to the management of 

climate-health risks, and play important roles in identifying, preventing, and managing 

these risks among patients [21].  

 

6.2.2 Climate-Health Information  
 Assessing information to characterize current vulnerability and adaptation to 

climate change is an essential starting point for increasing climate resiliency. The 

findings in this dissertation (Chapters 2-5) contribute climate-health information that 

strengthened evidence that social gradients in health may modify or mediate how climatic 

parameters (i.e. meteorological and/or seasonal variables) are associated with health 

outcomes in low-resource settings. Indeed, climate change impacts on health can be 

modified by social gradients in health in ways that may maintain, reverse, or entirely shift 

social gradients in health [4, 7]. The application of climate-health knowledge to 

strengthen resiliency across health systems and across social gradients in health is 

essential for climate-health adaptation. Moreover, applied research, such as the research 

presented in this dissertation, can contribute to evidence-informed decision-making, 

which will be crucial to adaptive actions that protect and promote population health in 

changing climates [14, 16].  
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6.2.3 Climate-Health Service Delivery 
 Integration of meteorological data into programs for disease monitoring and/or 

surveillance of climate-sensitive diseases may increase climate preparedness [21]. The 

most common diagnoses at BCH were climate-sensitive diseases; furthermore, all-cause 

hospital admissions and counts of pneumonia hospital admissions at BCH were 

significantly and positively associated with atmospheric temperature. This association 

differed for Bakiga and Indigenous Batwa, however, suggesting that in addition to 

monitoring meteorological data, social determinants such as Indigenous identity must be 

considered for accurate climate-sensitive disease monitoring and response (Chapter 4). 

Further, social determinants should be considered in the development of climate-sensitive 

disease programs, because hospital users may not be representative of the source 

population, and associations between climate-sensitive diseases and season and/or 

meteorological parameters may vary across different data sources (Chapter 5). 	

 

6.3 Additional Research 
 Answers to the major questions addressed in this dissertation lead to several 

additional and new research questions. First, an investigation of the potential for effect 

modification or mediation by other SDoH, such as gender or age, on counts of admissions 

for all-causes, ARI, malaria, and AGI, would be valuable to further aid in the 

development of targeted intervention plans for climate change impacts on health at BCH. 

A synthesis of these investigations would be valuable to identify local patterns in effect 

modification of climate-health relationships.  

Further research should be undertaken to investigate the current scope of climate-

health adaptation work that specifically accounts for the possibility of effect 

modification. Evaluations of adaption interventions in the context of effect modification 

should be attempted in order to identify how best to serve the community in a changing 

climate. For example, working with Batwa and Bakiga research partners in Kanungu 

District on ARI-related adaption planning would be an ideal opportunity to evaluate 

group-specific adaptation intervention planning, since temperature changes had the 

opposite effect on counts of hospital admissions for pneumonia for the two populations.  
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6.4 Strengths and Limitations of the Research  
This research employed a collaborative, participatory, and transdisciplinary 

design. Community partners reported satisfaction with the research process and noted the 

general applicability of the findings to ongoing work in the community and at partner 

institutions. This research relied on the integration of several theoretical frameworks 

(Chapter 1), which informed the collaborative process (Table 6.1). By using the 

frameworks together, the research findings may have relevance to a number of fields such 

as health, climate change, adaptation, or health equity, and may provide new insights that 

bridge these fields.   
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Table 6.1. Strengths of the collaborative dissertation process in context of the EcoHealth Principles (EcoHealth content and 
framework, building from Charron 2012).  
EcoHealth 
Principle 
(Charron) 

Applicability and broader lessons of principle in context of the 
collaborative processes for this dissertation 

Example of lessons in dissertation process 

Systems Thinking • All components of the research flow, allowing for meaningful 
conversations with partners 
 

• Consider the ecological determinants of health (EDOH) and the 
social determinants of health (SDOH; and their potential 
interactions, modifications, and mediations) in causal webs 

• A storyline of climate-sensitive diseases and 
potential effect modification made it clear to 
communities what this research was about 

• Causal webs and causal diagrams for all 
models in this thesis considered how the 
EDOH and SDOH might influence other 
relationships 

Transdisciplinarity • Transdisciplinarity should be carried throughout the team and 
collaborator design for the research program, considering the 
EDOH and SDOH for climate-health research  

• Invite partners into the co-authorship process to meaningfully 
acknowledge their contributions to research design, analysis, and 
interpretation phases 

• Consider intersectoral collaborators that reflect the entire system 
that climate-health investigations exist in 

• A broad team of researchers and partners 
worked together on this thesis (see 
acknowledgements for more information) 

• Bwindi Community Hospital (BCH) is a co-
author chapters 3 and 4 of this dissertation 
  

• Intersectoral research partners involved in 
co-investigation and co-interpretation 
included water, agriculture, and health 
officials among many other sectors 

Participation • Intentional, frequent, and meaningful co-investigation and co-
interpretation meetings 
 

• Initiate a participatory process from the very beginning of the 
research process and expand the process for new partnerships if 
needed 

 
 

• Meetings were held multiple times during 
each visit to Uganda (Jan-Mar 2015, July 
2018) 

• Partnerships were initiated within days of 
my first arrival in Uganda with partners at 
Makerere University and BCH and 
additional partners identified through various 
methods were invited to contribute in 2018 
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• Frame the development of the research protocol as collaborative, 
not changes to an initial plan. Ensure that all components of the 
research process are truly open for participatory practices  

• The data collection process with BCH 
(Chapters 3 and 4) was co developed with 
hospital staff before any data collection 
began 

Sustainability • Consider the local context (e.g. resource availability) from the 
question development process onward 
 

• Incorporate participatory processes to learn the local context for 
sustainability and application of findings, including recognition 
of the local barriers to adaptation 

• By working with BCH and community 
partners, the applicability of findings was 
considered from the outset 

• Conversations about the application and 
usability of adaptation ideas was discussed 
in an ongoing fashion and barriers that arose 
were discussed as potential hurdles to 
overcome 

Social and Gender 
Equity 

• Consider how social and gender equity, and other SDOH may 
modify relationships between climatic parameters and health 
outcomes 

• Be intentional about invitations to co-investigate and co-interpret 
data to ensure voices heard are socially equitable 

• Chapter 4 intentionally uses stratified 
analysis to address this idea of effect 
modification 

• Community leaders invited to the knowledge 
to action meeting in July 2018 were asked to 
bring representation of three community 
members, where one person was encouraged 
to be a female from each community 

Knowledge to 
Action 

• Be meaningful in the knowledge to action processes. Ensure 
frequent, multi-directional dialogue is valued 

 
 
 
• Vary the formats of knowledge to action materials according to 

local needs 

• In each knowledge to action meeting, we 
began with a statement of respect for all 
voices and encouraged participants to 
discuss openly with the research team and 
with each other 

• Knowledge to action meetings involved a 
variety of different kinds of materials 
including preliminary findings (see 
appendices)  
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Although this research process had many strengths, some limitations also exist. 

This dissertation investigated associations between meteorological parameters and 

climate-sensitive diseases in the context of climate change, but did not explicitly 

investigate climate-health associations, due to the required passage of time and/or quality 

of historical records needed for this. This use of meteorological parameters as proxies for 

climatic parameters is common for climate-health research [26]. Furthermore, current 

epidemiological models are limited in their ability to account for climate change [27], 

since climate change is a complex socio-political, environmental, and health equity issue 

that cannot be entirely accounted for in multivariable models [2, 3, 6, 28, 29]. Use of 

hospital data may result in differences in estimated associations between the two 

population groups, which has implications for climate-health research. Given climate-

health research commonly uses hospital-level datasets, some sub-populations with less 

access to, and/or use of, healthcare services might be overlooked in the literature. In 

climate-health research the most vulnerable sub-populations (i.e. those who typically 

experience the greatest negative health outcomes associated with climate change) are also 

those sub-populations who are often under-represented in the datasets commonly used for 

climate-health investigation. We began to address and better understand the limitations of 

hospital data by investigating how hospital data represents the communities a hospital 

services in Chapter 5 and by comparing hospital and community populations to provide 

additional context (Chapters 3-5).  Finally, my positionality inherently influences the way 

that I interact with and analyze the data and how I perceive the findings of this 

dissertation. In the context of this research, I have attempted to address my positionality 

and the way that it impacts my work by (i) reflexively contemplating my privilege and 

power in this place; (ii) attempting to spend an extended period of time developing 

meaningful relationships in the community, and returning to co-interpret findings to the 

extent that I have been able; and (iii) attempting to divert the spotlight away from my role 

or contributions and, instead where possible and applicable, aiming to share leadership 

capacities, and even take a ‘back-seat’ when appropriate. 
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6.5 Conclusions 
 This doctoral dissertation research contributes to the global health equity and 

climate change literatures by providing evidence of the complex ways in which climate 

change impacts health across sub-groups in a population. Climate-health impacts may 

differ across social gradients; further, climate change may shift health disparities across 

social gradients into the future.   

 This work provides recommendations for research endeavors bestriding the 

climate-health adaptation and health equity fields: first, to support equitable climate 

change adaptation in the health sector, researchers should consider the relative 

representativeness and inclusiveness of their data sources; and second, researchers should 

consider the possibility of effect modification in the design of climate-health research and 

adaptation interventions where the affected populations are not homogenous.  
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Appendix A. 
EcoHealth Principles and Climate-Health Research 

A series of guiding principles for the field of EcoHealth were published by the 

International Development Research Centre and include: (i) systems thinking; (ii) 

transdisciplinarity; (iii) participation; (iv) sustainability; (v) social and gender equity; and 

(vi) knowledge to action [1]. Collectively, the principles are relevant to and important for 

climate-health investigations [2].  

(i) Systems Thinking 

The principle of systems thinking refers to the framing of a problem through 

social-ecological lenses to attempt to frame the issue more holistically [1, 3-5]. More than 

simply identifying the multiple viewpoints from which a problem can be seen and 

addressed, systems thinking involves the determination of relationships between various 

components of a problem [5]. Specifically, a systems thinking approach involves defining 

the problem, its component causes, relevant dynamics, and temporal and spatial scales [1, 

3]. Systems thinking approaches are an essential component of understanding the 

complexity and scale of climate change [6-8]. Systems thinking provides a platform or 

process for the consideration of multiple drivers of climate change and the possibility of a 

variety of outcomes of the research or action being implemented [9, 10].  

(ii) Transdisciplinarity 

Transdisciplinarity refers to the generation of teams of individuals from a variety 

of backgrounds within, across, and outside of academic boundaries [5, 11, 12], to develop 

research groups that value multiple forms of knowledge and expertise [1]. 

Transdisciplinary teams may involve knowledge brokers from community, industry, and 

not-for-profit, as well as academics from a variety of educational domains [1, 7, 13]. 

Sincere and respectful collaboration is critical for success in transdisciplinary research 

settings, recognizing the contributions of each unique perspective and skillset [14]. 

Transdisciplinarity aims to employ methods and principles from vast and varied 

traditional disciplines that interact with and are influencing or influenced by a particular 

issue [15], such as climate change. With regards to climate change, transdisciplinarity 

may involve local experts who are familiar with the impacts of climate change in the 
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region as well as individuals who are experiencing a problem first hand [7]. Further, 

climate change is a global, complex, inescapable, and ongoing problem that particularly 

benefits from the application of transdisciplinarity, as it integrates the voices, expertise, 

and experiences of the international research community [15]. For climate change 

research, transdisciplinarity may bring together knowledge brokers in social sciences and 

humanities, environmental and physical sciences, health sciences, animal sciences, and 

more [16]. Further, transdisciplinarity is an essential component of the systemic approach 

and contributes to a fuller understanding of climate-health issues [7, 12, 15, 17].  

(iii) Participation 

Participation refers to the EcoHealth principle for inclusion of community 

members and research partners in the development phase through to implementation of 

research [18], and generally occurs hand-in-hand with transdisciplinarity [1, 15]. 

Participation involves locally rooted research design in a structure that increases the 

positive outcomes and benefits of the research [7, 16, 19]. Where transdisciplinarity 

refers to integrating multiple voices and perspectives into the research team, participation 

refers to integrating multiple voices and perspectives into the generation of knowledge 

more broadly [19]. Further, participation involves the structured and respectful 

integration of multiple forms of knowledge that inform an issue [1]. The principle of 

participation takes its methodological cues from a variety of sources, including 

participatory action research and participatory rural appraisal [1, 20, 21]. In the context of 

climate change, participation is critical for development of locally and culturally 

appropriate, innovative ideas to address complex issues [7, 22]. When communities and 

partners are involved in the development of solutions to problems that they face, they are 

empowered to maintain research outputs that have beneficial impacts [1, 18]. For climate 

change, the purposeful integration of traditional and Indigenous knowledges of a place is 

crucial to holistic approaches to understanding change [7, 23-26].  

(iv) Sustainability 

The principle of sustainability refers to both environmental sustainability and to 

project sustainability [1, 27]. Environmental sustainability includes considerations for the 

environment in development of research programs and outputs, such as use of materials 

and the environmental impact of new infrastructure [28]. Further, environmental 
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sustainability also aims for restoration of ecosystems and ecosystem services that have 

been damaged by human activity [28]. Environmental sustainability is essential for 

climate-health research so as to not perpetuate environmental degradation that is driving 

climate change, and thus, negative health outcomes [29, 30]. Sustainability can be further 

extended to involve caring for the planet and life on the planet simultaneously [31], a 

central tenet for climate change action. Further, environmental sustainability, as with 

EcoHealth more generally, occurs across spatial and temporal scales, an important 

consideration for climate change work [32]. In contrast, project sustainability is more of a 

social consideration, in that it includes consideration for the availability of resources to 

maintain the project or program after the conclusion of the research project [27, 33]. This 

builds off of the interdependent sustainability pillars: economic development, social 

development, and environmental protection [33]. Specifically, project sustainability may 

refer to things such as costs, expertise, and time available to continue project outputs. 

Project sustainability is essential for climate-health research as the issues of climate 

change are long-term and far-reaching [34, 35], thus, solutions-oriented programs should 

be feasible to maintain [27]. By incorporating EcoHealth principles into climate-health 

research, research programs with community-level interventions may be more 

environmentally and socially sustainable [36].  

(v) Social and Gender Equity 

Social and gender equity refers to the intentional design of research projects and 

programs to account for inequity and power in social dynamics [37], as they relate to 

environmental and health outcomes, such as climate change [1, 4, 27]. By considering 

social and gender equity, the potential disadvantages related to gender, age, 

socioeconomic status, and others can be more thoughtfully addressed, and the root causes 

for heterogeneity are more deeply understood [37]. In the context of climate change, 

social and gender equity are important considerations because climate change impacts are 

felt disproportionately around the world and by various groups living in the same place 

[35, 38-41]. Statistically, climate change more negatively impacts women, children, 

Indigenous peoples and some racialized groups, and the economically disadvantaged [35, 

38-41]. Typically, individuals who are more commonly disenfranchised are more 

negatively impacted by climate change impacts on health [35, 38-41]. Attention to social 
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and gender equity may take practical forms such as separated discussion groups to allow 

for more open dialogue and sharing within groups [18], or take more theoretical forms 

such as stratification of data to identify different health patterns related to social 

disadvantage [42]. Further, social and gender equity attempts to account for the existence 

of power dynamics in social settings: without considering social and gender equity, 

power dynamics may be reinforced within communities [37]. The power dynamics of 

climate change are such that people who are most negatively affected by climate change 

typically have limited power to change or improve their circumstances [41, 43], and often 

contributed the least to anthropogenic climate change [43].  

(vi) Knowledge to Action 

Knowledge to action refers to the development of knowledge for use to improve 

health outcomes [14], and hinges on the application of findings to solutions [1, 14]. In 

other research frameworks, knowledge to action is sometimes referred to as knowledge 

mobilization, knowledge translation, or knowledge transfer [44], but should be contrasted 

to knowledge dissemination, which implies a unidirectional statement of research 

findings [1]. Rather, knowledge to action should involve respectful, bi-directional 

communication of research findings that creates space for dialogues of strengths and 

limitations of the findings [7, 14]. In climate-health research, bi-directional 

communication, is essential for effective adaptation and intervention [45, 46]. Knowledge 

to action involves the application of findings to implement solutions, building in space 

for transdisciplinarity and participation and allowing for fluid, changing contexts and 

climates [7]. Integrating themes from across the framework, knowledge to action that 

considers equity and incorporates trandisciplinarity is more effective and more 

appropriate [47]. For climate change, knowledge to action is important as the application 

of research findings to solutions is critical for such a grand scale problem [48], as is the 

system of solution building in fluid contexts. The Lancet Countdown on Health and 

Climate Change, a Commission established to track progress on climate change and 

health, noted in the 2018 report that widespread understanding of climate change as a 

public health issue is critical for improving and accelerating the response to climate 

change across professions [48].  
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Appendix B. 
The Preferred Reporting Items for Systematic review and Meta-Analysis Protocols 
(PRISMA-P) 2015 checklist recommended items to address in a systematic review 
protocol with red text to demonstrate where information can be found in the body text. 
 

Section and topic Item 
No 

Checklist item 

ADMINISTRATIVE INFORMATION 
Title:   

 Identification 1a Identify the report as a protocol of a systematic review (Page 1, 
Title) 

 Update 1b If the protocol is for an update of a previous systematic review, 
identify as such (N/A) 

Registration 2 If registered, provide the name of the registry (such as 
PROSPERO) and registration number (N/A) 

Authors:   
 Contact 3a Provide name, institutional affiliation, e-mail address of all 

protocol authors; provide physical mailing address of 
corresponding author (Page 1, Title Page) 

 
Contributions 

3b Describe contributions of protocol authors and identify the 
guarantor of the review (Page 19, Author’s Contributions) 

Amendments 4 If the protocol represents an amendment of a previously 
completed or published protocol, identify as such and list 
changes; otherwise, state plan for documenting important 
protocol amendments (N/A) 

Support:   
 Sources 5a Indicate sources of financial or other support for the review 

(Page 19, Funding and Acknowledgements) 
 Sponsor 5b Provide name for the review funder and/or sponsor (Page 19, 

Funding and Acknowledgements) 
 Role of 
sponsor or 
funder 

5c Describe roles of funder(s), sponsor(s), and/or institution(s), if 
any, in developing the protocol (N/A) 

INTRODUCTION 
Rationale 6 Describe the rationale for the review in the context of what is 

already known (Page 3, Background) 
Objectives 7 Provide an explicit statement of the question(s) the review will 

address with reference to participants, interventions, 
comparators, and outcomes (PICO) (Page 4, Review Question; 
Page 5, Participants Eligible; Page 5, Exposures Eligible; N/A; 
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Page 5, Outcome Measures Eligible) 

METHODS 
Eligibility criteria 8 Specify the study characteristics (such as PICO, study design, 

setting, time frame) and report characteristics (such as years 
considered, language, publication status) to be used as criteria 
for eligibility for the review (Page 4, Study Designs Eligible; 
Page 7-10, Search Methods for the Identification of Studies; 
Pages 10-11, Selection of Eligible Studies) 

Information 
sources 

9 Describe all intended information sources (such as electronic 
databases, contact with study authors, trial registers or other 
grey literature sources) with planned dates of coverage (Page 7-
10, Search Methods for the Identification of Studies) 

Search strategy 10 Present draft of search strategy to be used for at least one 
electronic database, including planned limits, such that it could 
be repeated (Page 23-31, Table 1A-C) 

Study records:   
 Data 
management 

11a Describe the mechanism(s) that will be used to manage records 
and data throughout the review (Pages 11-13, Data Collection 
from Eligible Studies; Pages 13-14, Process for Data 
Extraction) 

 Selection 
process 

11b State the process that will be used for selecting studies (such as 
two independent reviewers) through each phase of the review 
(that is, screening, eligibility and inclusion in meta-analysis) 
(Pages 10-11, Selection of Eligible Studies) 

 Data 
collection 
process 

11c Describe planned method of extracting data from reports (such 
as piloting forms, done independently, in duplicate), any 
processes for obtaining and confirming data from investigators 
(Pages 11-13, Data Collection from Eligible Studies; Pages 13-
14, Process for Data Extraction) 

Data items 12 List and define all variables for which data will be sought (such 
as PICO items, funding sources), any pre-planned data 
assumptions and simplifications (Pages 11-13, Data Collection 
from Eligible Studies; Page 14, Risk-of-Bias Assessment for 
Eligible Studies; Page 15, Confounders Relevant to All or Most 
Studies) 

Outcomes and 
prioritization 

13 List and define all outcomes for which data will be sought, 
including prioritization of main and additional outcomes, with 
rationale (Page 5, Outcome Measures Eligible; Pages 11-13, 
Data Collection from Eligible Studies) 

Risk of bias in 
individual studies 

14 Describe anticipated methods for assessing risk of bias of 
individual studies, including whether this will be done at the 
outcome or study level, or both; state how this information will 
be used in data synthesis (Page 14, Risk-of-Bias Assessment 
for Eligible Studies) 
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Data synthesis 15a Describe criteria under which study data will be quantitatively 
synthesised (Pages 15-17, Strategy for Data Synthesis) 

15b If data are appropriate for quantitative synthesis, describe 
planned summary measures, methods of handling data and 
methods of combining data from studies, including any planned 
exploration of consistency (such as I2, Kendall’s τ) (Pages 15-
17, Strategy for Data Synthesis; Page 17-18, Strategy for 
Presentation of the Results) 

15c Describe any proposed additional analyses (such as sensitivity 
or subgroup analyses, meta-regression) (Pages 15-17, Strategy 
for Data Synthesis; Page 14, Risk-of-Bias Assessment for 
Eligible Studies) 

15d If quantitative synthesis is not appropriate, describe the type of 
summary planned (N/A) 

Meta-bias(es) 16 Specify any planned assessment of meta-bias(es) (such as 
publication bias across studies, selective reporting within 
studies) (Pages 15-17, Strategy for Data Synthesis) 

Confidence in 
cumulative 
evidence 

17 Describe how the strength of the body of evidence will be 
assessed (such as GRADE) (Page 14, Risk-of-Bias Assessment 
for Eligible Studies) 

* It is strongly recommended that this checklist be read in conjunction with the 
PRISMA-P Explanation and Elaboration (cite when available) for important 
clarification on the items. Amendments to a review protocol should be tracked and 
dated. The copyright for PRISMA-P (including checklist) is held by the PRISMA-P 
Group and is distributed under a Creative Commons Attribution Licence 4.0.  

 
From: Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P, 
Stewart L, PRISMA-P Group. Preferred reporting items for systematic review and meta-
analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015 Jan 
2;349(jan02 1):g7647. 
	



	 199	

Appendix C. 
The Preferred Reporting Items for Systematic review and Meta-Analysis (PRISMA) 2009 checklist of recommended items for 
complete reporting of a systematic literature review, completed from a template provided by Moher et al. (2009) where red text 
indicates where the recommended information is located in the body text.  

Section/topic  # Checklist item  Reported on 
page #  

TITLE   
Title  1 Identify the report as a systematic review, meta-analysis, or both.  1 
ABSTRACT   
Structured summary  2 Provide a structured summary including, as applicable: background; objectives; data sources; study 

eligibility criteria, participants, and interventions; study appraisal and synthesis methods; results; 
limitations; conclusions and implications of key findings; systematic review registration number.  

2 

INTRODUCTION   
Rationale  3 Describe the rationale for the review in the context of what is already known.  3-5 
Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, 

comparisons, outcomes, and study design (PICOS).  
5 

METHODS   
Protocol and registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, 

provide registration information including registration number.  
5 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years 
considered, language, publication status) used as criteria for eligibility, giving rationale.  

5-6 

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to 
identify additional studies) in the search and date last searched.  

6-7 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could 
be repeated.  

6-7 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if 
applicable, included in the meta-analysis).  

11 

Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any 
processes for obtaining and confirming data from investigators.  

11 
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Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any 
assumptions and simplifications made.  

11 

Risk of bias in individual 
studies  

12 Describe methods used for assessing risk of bias of individual studies (including specification of whether 
this was done at the study or outcome level), and how this information is to be used in any data synthesis.  

11-12 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  12 

Section/topic  # Checklist item  Reported on 
page #  

Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of 
consistency (e.g., I2) for each meta-analysis.  

12 

 

Risk of bias across studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, 
selective reporting within studies).  

11-12 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, 
indicating which were pre-specified.  

12 

RESULTS   
Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for 

exclusions at each stage, ideally with a flow diagram.  
13 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up 
period) and provide the citations.  

15-25 

Risk of bias within studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  26 
Results of individual studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 

intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  
15-25 

Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  15-25 
Risk of bias across studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  26 
Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see 

Item 16]).  
25 

DISCUSSION   
Summary of evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their 

relevance to key groups (e.g., healthcare providers, users, and policy makers).  
26-30 
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Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete 
retrieval of identified research, reporting bias).  

30 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future 
research.  

31 

FUNDING   
Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of 

funders for the systematic review.  
31 

From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS Med 6(7): 
e1000097. doi:10.1371/journal.pmed1000097 For more information, visit: www.prisma-statement.org.   
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Appendix D. 
 
Data extraction form for inclusion of articles in a systematic literature review of seasonal and meteorological associations with acute 
respiratory infections (ARI) in Indigenous and non-Indigenous peoples living in the same region. 
 
 
Question Text Type 

Question 
Validation Answer Text 

Authors' names (First Last separated by 
commas) 

Text Free Text  

Article Title (Full with sentence 
capitalization) 

Text Free Text  

Publication Type Radio  Journal article 

   Conference proceedings 

   Government report 

   Non-governmental agency report 

   Thesis 

Publication Date (YYYY) Text Free Text  

Journal of Publication (leave blank if N/A; 
Journal Name Capitalized) 

Text Free Text  

Volume of Publication (leave blank if N/A) Text Free Text  

Issue of Publication (leave blank if N/A) Text Free Text  

Page Number of Publication (leave blank if 
N/A; enter as #-# with no spaces) 

Text Free Text  

Place of Publication (Affiliation address Text Free Text  
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(City, Country) of first author or location of 
government, agency, or conference) 

Digital Object Identifier (leave blank if 
N/A) 

Text Free Text  

Study Design (as identified by the authors) Radio  Cross-sectional study (with two or more periods) 

   Cohort study 

   Case-control study 

   Ecological study 

   Hybrid study 

   Not specified 

Timeframe of study (MM/YYYY-
MM/YYYY) (If only year available: 
YYYY-YYYY) (enter "N/A" if not listed) 

Text Free Text  

Climate zone of interest (as listed by the 
authors. If no latitude listed, use Google 
Maps to identify location. Select N/A only 
if too broad to choose accurately (i.e. a 
country like Canada is listed which could 
be temperate or circumpolar). 

Radio  Circumpolar (most precise location has a latitude of 
60N/60S or higher) 

   Temperate (most precise location has a latitude of 25-
60N/ 25-60S) 

   Tropics (most precise location has a latitude of 0-24N/0-
24S) 

   More than one location is studied 

   Not specified 
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Location of study: Country (if multiple 
separate with commas) 

Text Free Text  

Location of study: Local (if entire country 
is studied or location not specified, enter 
"N/A") 

Text Free Text  

Latitude of study site (highest precision 
possible-- Can be filled using Google Maps 
if community name is provided) (X.XXX 
N/S) (If too broad (e.g. country), enter 
"N/A".) 

Text Free Text  

Longitude of study site (highest precision 
possible-- Can be filled using Google Maps 
if community name is provided) (X.XXX 
E/W) (If too broad (e.g. country), enter 
"N/A".) 

Text Free Text  

Size of target population (mixed Indigenous 
and non-Indigenous) (If the population is 
not clearly defined, enter "N/A".) 

Text Free Text  

Size of source population (mixed 
Indigenous and non-Indigenous) 

Text Free Text  

Study population demographics: Age 
(measure type) 

Radio  Mean 

   Median 

   Mode 

   Other measure of central tendency 

   Range but no measure of central tendency 
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   Not measured 

Study population demographics- Mixed 
population: Age (value) 

Text Free Text  

Study population demographics- 
Indigenous population: Age (value) 

Text Free Text  

Study population demographics- non-
Indigenous population: Age (value) 

Text Free Text  

Study population demographics- Mixed 
population: Sex/Gender distribution (enter 
as "x% female, x% male, x% other/ not 
disclosed") 

Text Free Text  

Study population demographics- 
Indigenous population: Sex/Gender 
distribution (enter as "x% female, x% male, 
x% other/ not disclosed") 

Text Free Text  

Study population demographics- non-
Indigenous population: Sex/Gender 
distribution (enter as "x% female, x% male, 
x% other/ not disclosed") 

Text Free Text  

Study population demographics: 
Socioeconomic status (measure type) 

Text Free Text  

Study population demographics: 
Socioeconomic status (value, e.g. "$2/day". 
If not stated, enter "N/A".) 

Text Free Text  

Study population demographics: Data 
source (check all that apply) 

Check
box 

 Census 
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   Survey 

   Public database 

   Private database 

   Other 

   Not specified 

Name of Indigenous population 
(Capitalized, as identified in the study. If 
multiple list with commas. If not named, 
enter "N/A".) 

Text Free Text  

Size of Indigenous source population strata Text Free Text  

Size of Indigenous study population strata Text Free Text  

Size of non-Indigenous source population 
strata 

Text Free Text  

Size of non-Indigenous study population 
strata 

Text Free Text  

Environmental exposures of interest (if 
multiple separate with commas) 

Text Free Text  

Measure of exposure of interest (if multiple 
answer in same order as question above 
separated by commas) 

Text Free Text  

Type of temporal cycle for exposure Check
box 

 Daily 

   Weekly 

   Monthly 
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   Seasonally 

   Annually 

   Other 

Number of cycles completed Text Free Text  

Control of repeated measures Check
box 

 Fixed effects 

   Post-hoc adjustments 

   Robust variance estimates 

   Generalized estimating equations 

   Random effects 

   Excluded repeat visits 

   Authors state that repeated measures were controlled but 
do not specify how 

   Repeated measures were not controlled for 

Type of data source used to collected 
exposure information (select all that apply) 

Check
box 

 Weather stations 

   Satellite 

   Database 

   Calendar 

   Other 

   Not specified 

Data source used to collect exposure Text Free Text  
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information (name if specified, if not 
specified enter N/A) 

Were lags considered in the analysis? Radio  Yes 

   No 

If lags were considered, enter the days 
considered separated by commas (e.g. 
1,2,3…) 

Text Free Text  

Respiratory outcome of interest (if multiple 
separate by commas) 

Text Free Text  

Case definition of ARI (enter exactly as 
provided) 

Text Free Text  

Case definition of ARI definition of 
positives 

Radio  Binary (positive/ negative) 

   Cut point (continuous- e.g. lab tests with counts) 

Case definition of ARI defining cutpoint 
(enter cutpoint information, enter N/A for 
binary outcomes) 

Text Free Text  

Number of cases (positive) Text Free Text  

Number of non-cases (negative) Text Free Text  

Type of group level disease measure Radio  Prevalence 

   Incidence 

   Risk 

   Other 
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Measure of group level disease measure 
(include any units) 

Text Free Text  

Type of measure of association  Radio  Odds Ratio (OR) 

   Ratio of odds ratios (ROR) 

   Other 

Magnitude of measure of association (OR 
or ROR- for ROR enter OR1=x, OR2=y, 
ROR=z where z is calculated by hand using 
the formula provided) 

Text Free Text  

Eligible presentation of results (see 
Protocol Figure 1 for clarification) 

Radio  A pair of two models that represent the Indigenous and 
non-Indigenous strata separately with the same seasonal 
or meteorological factor in both models and produces two 
measures of association (from which a ratio of odds ratios 
will be calculated) 

   A model that includes ethnicity (i.e. Indigeneity) and 
seasonal or meteorological factor and produces a single 
measure of association (See Figure 1 for clarification) 

   A model that includes ethnicity (i.e. Indigeneity) and 
seasonal or meteorological factor and an interaction and 
produces a single measure of association 

   The paper provides a comment on how disease in the two 
groups differs by seasons, but does not provide a model 

For presentation of results with two models: 
Data needed for 2x2 table- Indigenous 
strata (a, b, c, d (with D at top of table and 
E at left) or N/A if results presented in one 
model) 

Text Free Text  
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For presentation of results with two models: 
magnitude of OR- Indigenous strata (N/A if 
results presented in one model)-- enter 
value provided by study or calculate OR 
=ad/bc from previous question if needed 

Text Free Text  

For presentation of results with two models: 
Data needed for 2x2 table- non-Indigenous 
strata (a, b, c, d (with D at top of table and 
E at left) or N/A if results presented in one 
model) 

Text Free Text  

For presentation of results with two models: 
magnitude of OR- non-Indigenous strata 
(N/A if results presented in one model)-- 
enter value provided by study or calculate 
OR =ad/bc from previous question if 
needed 

Text Free Text  

For presentation of results with two models: 
Magnitude of measure of association 
(OR, β, for coefficient produced in ratio of 
odds ratios or N/A if results presented in 
one model) 

Text Free Text  

For presentation of results with two models: 
Magnitude of measure of precision (SE or 
N/A if results presented in one model) 

Text Free Text  

For presentation of results with one model: 
Type of measure of association for 
coefficient 

Radio  Odds ratio 

   Risk ratio 
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   Rate ratio 

   Other 

For presentation of results with one model: 
Magnitude of measure of association for 
coefficient (β) 

Text Free Text  

For presentation of results with one model: 
Is there an interaction term between season 
and Indigeneity? 

Radio  Yes, there is an interaction between season and 
Indigeneity 

   No, there is not an interaction between season and 
Indigeneity 

For presentation of results with one model: 
If there is an interaction between season 
and Indigeneity, what is the value? (enter 
N/A for presentation of results with two 
models or for presentation of results with 
one model without an interaction between 
season and Indigeneity.) 

Text Free Text  

For presentation of results with one model: 
Type of precision provided (select all that 
apply) 

Check
box 

 Confidence interval 

   Standard error 

   Standard deviation 

   Sample size and p-value (to be used to calculate) 

   Other 

For presentation of results with one model: 
Magnitude of measure of precision  

Text Free Text  
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For papers that provide a comment on how 
disease in the two groups differs by 
seasons, but does not provide a model: How 
are the seasonal patterns different between 
Indigenous and non-Indigenous peoples? 
(For papers that present the results with one 
or two models, enter N/A.) 

Text Free Text  

Type of modeling or statistical approach 
used (select all that apply) 

Check
box 

 Linear regression 

   Logistic regression 

   Poisson regression 

   Other regression model 

   Spatial analyses 

   Temporal analyses 

   Descriptive statistics 

   Other 

Type of modeling or statistical approach 
used-- If more than one modeling strategy 
used (in above question) list each as: 
"model type (outcome)" separated by 
commas. 

Text Free Text  

Consideration of confounders Radio  Yes 

   No 

Consider age as a confounder Radio  Yes 

   No 
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Consider sex as a confounder Radio  Yes 

   No 

If age and sex were considered as 
confounders, how were they controlled? 

Check
box 

 Frequency Matching (age) 

   Frequency Matching (sex) 

   Frequency Matching (other variable) 

   Pair Matching (age) 

   Pair Matching (sex) 

   Pair Matching (other variable) 

   Stratified Modeling 

   Multivariable Modeling 

   Mantel-Haenszel (adjusted ORs) 

   Authors state that confounders were considered/ 
controlled but do not specify how 

Other confounders considered (list all 
confounders except age or sex, separated by 
commas) 

Text Free Text  

ROB:  
Periods of study: Matching periods of study 

Radio  Low: The periods of study are the same for Indigenous 
and non-Indigenous peoples 

   High: The periods of study are not the same for 
Indigenous and non-Indigenous peoples 

   Unclear: The periods of study for the Indigenous and non-
Indigenous peoples are not clearly defined 
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ROB: 
Participant inclusion: Definition of 
Indigeneity 

Radio  Low: All individuals who self identify as Indigenous 
under the UN’s definition of Indigenous peoples are 
considered Indigenous. 

   High: Individuals are only considered Indigenous under 
restricted guidelines (e.g. legally documented within a 
country as Indigenous). 

   Unclear: It is unclear how Indigeneity was measured in 
the study. 

ROB: 
Participant inclusion: Is Indigineity 
measured at the individual level? 

Radio  Low: Indigenous peoples are identified at the individual 
level. 

   High: Groups of individuals are assumed to collectively 
be Indigenous or non-Indigenous, rather than identified at 
the individual level. 

   Unclear: It is unclear how Indigeneity was measured in 
the study. 

ROB: 
Participant representativeness: Is the 
likelihood of being measured in a study the 
same across population groups? 

Radio  Low: The source of participants equally represents 
population strata (i.e. a community-based survey where 
equivalent sampling methods are used across strata). 

   High: The source of participants does not/ may not 
equally represent population strata (i.e. hospital data 
where hospital use may not be equivalent across strata). 

   Unclear: It is unclear whether the source of participants 
equally represents population strata. 

ROB: 
Participant representativeness: 

Text Free Text  
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Representativeness of the source 
population: reason for selecting non-
representative (Enter the reason for High 
ROB for participant representativeness or 
enter N/A if Low ROB for participant 
representativeness) 

ROB: 
Environmental exposures: Were 
environmental exposure groups clearly 
defined? 

Radio  Low: A definition for exposure positive and exposure 
negative was provided, or a continuous variable was used 
as continuous or defined by a cut-point. 

   High: A definition for exposure positive and exposure 
negative was not provided, or a cut-point was not 
provided for a continuous exposure. 

   Unclear: It is unclear whether a definition for exposure 
positive and exposure negative was provided. 

ROB: 
Environmental exposures: Was the 
measurement of environmental exposure 
appropriate? 

Radio  Low: The exposure of interest is measured the same way 
between regions or periods of interest suggesting no 
misclassification bias or non-differential misclassification 
bias. 

   High: The exposure of interest is measured using different 
tools (i.e. local readings vs. satellite data) between regions 
or periods of interest suggesting a differential 
misclassification bias. 

   Unclear: The determination of exposure status is not 
described in sufficient detail to determine if 
misclassification bias is a valid risk. 

ROB: 
Environmental exposures: Could 

Radio  Low: The classification of the exposure could not be 
affected by knowledge of the outcome. 
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classification of the environmental exposure 
have been affected by knowledge of the 
outcome? 

   High: The classification of the exposure could be affected 
by knowledge of the outcome. 

   Unclear: It is unclear whether classification of the 
exposure could be affected by knowledge of the outcome. 

ROB: 
ARI outcome: Was a case definition clearly 
defined? 

Radio  Low: An objective and clear case definition was provided. 

   High: The case definition was not provided or is 
subjective (i.e. symptomatic (by a physician) or self-
reported). 

ROB: 
ARI outcome: Could classification of the 
outcome have been affected by knowledge 
of the environmental exposure? 

Radio  Low: The classification of the outcome could not be 
affected by knowledge of the environmental exposure. 

   High: The classification of the outcome could be affected 
by knowledge of the environmental exposure. 

   Unclear: It is unclear whether classification of the 
outcome could be affected by knowledge of the 
environmental exposure. 

ROB: 
Missing data: Missing data 

Radio  Low: Missing data is relatively minimal and should not 
affect analysis. 

   High: There is enough missing data to warrant concerns 
for bias (bias if >10% data missing: missing from some or 
all analyses due to missing responses to some variables in 
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the model). 

   Unclear: The amount of missing data in the study is not 
reported. 

ROB: 
LTFU/NR: Non-response and Loss to 
Follow-up 

Radio  Low: Any study design where the initial or total response 
rate >50% OR a single-sample or cross-sectional study 
where repeated measures are not of interest or are not 
attempted OR a prospective study with ≤10% loss to 
follow-up. 

   High: Any study design where the initial or total response 
rate is ≤50 OR a prospective study or study with repeated 
measures where the loss to follow-up is >10%. 

   Unclear: It is unclear what the initial or total response rate 
was or the response rate is not reported OR a prospective 
study where the loss to follow-up is not reported or where 
the intention to collect repeated-measures is not clear. 

   Response rate is not relevant AND loss to follow-up is not 
relevant. 

ROB: 
Reported results: Is there a potential bias 
due to multiple analyses? 

Radio  Low: The analyst pre-specifies the methods to be applied, 
and multiple estimates are generated but all results are 
reported. 

   High: The analyst does not specify the methods to be 
applied, or results for some described methods are not 
reported. 

   Unclear: It is unclear if the analyst pre-specified the 
methods to be applied or if all of the estimated results are 
reported. 
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Appendix E. 
 
Description of and rationale for protocol deviations in a systematic literature review of 
seasonal and meteorological associations with acute respiratory infections (ARI) in 
Indigenous and non-Indigenous peoples living in the same region. 

 

Description of and rationale for protocol deviations 

The initial protocol for this systematic literature review was published in a peer-

reviewed journal [1]. Four deviations were made from the initial protocol.  

First, the CAB Direct © database was in a Beta testing mode in 2016 (Appendix 

H), resulting in 207 citations identified in September 2016 and 15,370 in September 

2017. Thus, for feasibility, the CAB Direct © database was removed from the final search 

strategy.  

Second, during article screening, articles were identified that compared 

Indigenous and non-Indigenous population ARI outcomes by seasonal or meteorological 

factor but did not present their findings in either of the eligible model presentations. As 

the breadth of research on this topic was minimal, a protocol deviation was made to 

include these studies that provided incidence rates rather than odds.  

Third, some of these studies provided commentary on the differences in season or 

meteorological parameter association without epidemiological modeling. Since these 

papers did not present their findings in numerical form (i.e. no odds, risks, rates, or other 

numerical comparators were reported in the article), they were not eligible for inclusion 

in a meta-analysis, but were included in the descriptive results. Typically, these studies 

included comparisons of seasonal models (e.g. seasonal distribution of cases) that were 

simply stated as being different or that were compared via non-modeling approaches such 

as chi-square tests.  
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Finally, the proportion of studies that met eligibility criteria was low (i.e. 12 

studies of a total 3,043 screened, 0.4%). When an outcome is rare, the chance of 

agreement between reviewers increases [2] (Appendix I). Thus, in addition to presenting 

Kappa results, the percent agreement, Maxwell’s Random Error [3], and positive and 

negative agreement (i.e. sensitivity and specificity) [3] were also presented for level 1 

and level 2 screening. 

Implications of Protocol Deviations 

 By excluding the CAB Direct Database ©, it is possible that the final search may 

have missed some relevant literature. However, inclusion of additional literature (i.e. 

studies which did not present findings according to the initially eligible presentations), 

increased the likelihood of identifying any existing literature relevant to the research 

question. Finally, presenting the results of reviewer agreement in additional ways (e.g. 

percent agreement) had no impact on the study design, as the change was to simply 

provide more information in the report.  

E.1 References 
	
1. Bishop-Williams KE, Sargeant JM, Berrang-Ford L, Edge VL, Cunsolo A, Harper 

SL: A protocol for a systematic literature review: comparing the impact of 
seasonal and meteorological parameters on acute respiratory infections in 
Indigenous and non-Indigenous peoples. Systematic Reviews 2017, 6(1):19. 

2. Feinstein AR, Cicchetti DV: High agreement but low kappa: I. The problems 
of two paradoxes. Journal of clinical epidemiology 1990, 43(6):543-549. 

3. Cicchetti DV, Feinstein AR: High agreement but low kappa: II. Resolving the 
paradoxes. Journal of clinical epidemiology 1990, 43(6):551-558. 
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Appendix F. 
 
Representation of reviewer agreement for level 1 and level 2 screening for literature 
related to season and meteorological associations with acute respiratory infections (ARI) 
in Indigenous and non-Indigenous peoples living in the same region. 
 
 Kappa 

(Level) 
Percent 
Agreement 

Maxwell’s 
Random 
Error 

Positive 
Agreement 
(Sensitivity) 

Negative 
Agreement 
(Specificity)  

Level 1 
Screening 

0.62 
(Substantial 
agreement) 

99.2% 0.984 1.00 0.986 

Level 2 
Screening 

0.97 
(Almost 
perfect 
agreement) 

96.2% 0.924 1.00 0.951 
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Appendix G. 
 
Location of study site for literature that investigated season and meteorological 
associations with acute respiratory infections (ARI) in Indigenous and non-Indigenous 
peoples living in the same region.  
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Appendix H. 
 
Description of the rationale for decisions related to the Risk of Bias. 
 

 

All studies used the same period for all participants and thus had a low ROB for matching 

periods of study. Two-thirds of studies did not describe their definition of, or inclusion 

criteria for, Indigenous identity. Studies that included a definition had low ROB as they 

identified Indigenous participants by “self-identification” and at the individual level. Two 

studies had a lower	ROB because participant representativeness was combined from 

multiple sources of data or for ensuring that the dataset they investigated had equal 

healthcare access between groups, while two studies had a high ROB because they used 

healthcare data known to have differential access to care patterns, and was thus not 

equally representative of participants. Most studies had low ROB related to 

environmental exposures because the exposures were clearly defined, appropriately 

measured, and classification of the exposure could not be affected by knowledge of the 

outcome. One-quarter of studies had a high ROB related to ARI case definition, as it was 

either subjective or one was not provided. One study defined the exposure periods in 

relation to the number of hospitalizations, thus classification of the ARI outcome could 

be affected by knowledge of the exposure. Most studies considered some confounders. 

Only two studies considered age and sex simultaneously; no studies controlled for 

socioeconomic status in the analysis. Two-thirds of studies did not report the level of 

missing data. Three studies reported low proportion of missing data and one study 

reported that greater than 10% of data records were missing or incomplete. Most studies 

were retrospective and did not require follow-up or participant responses. It was unclear 
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whether the studies reported their a priori methods and findings in full, as protocols were 

not published. Overall, studies ranged from zero to three categories with high ROB, three 

to five categories with unclear/not applicable ROB, and the remaining categories (two to 

five) with low ROB. 
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Appendix I. 
 
Extended Search String: Search string prepared for PubMed ® and Web of Knowledge ® 
for systematic literature review that investigated season and meteorological associations 
with acute respiratory infections (ARI) in Indigenous and non-Indigenous peoples living 
in the same region, where all terms searched were employed as “All Fields” terms. The 
search string was initially published in the protocol (Bishop-Williams et al. 2017). 
 
Search 
Component 

Search Terms 

Population 
†, ††, †††   

Aboriginal OR Indigenous OR Native* OR Aasax OR “Aboriginal-Malay” OR Aborigine 
OR Achi OR Achuar OR Adibashi OR Adivasi OR Adivasis OR Afar OR Ainu OR Aka 
OR Akawai OR Akha OR Akie OR Akoula OR Akurio OR Akwoa OR “al-Kaabneh” OR 
“al-Asarmeh” OR “al-Ramadin” OR “al-Rshaida” OR “Alaska Native*” OR Aleut OR 
Alutor OR Amazigh OR Ambo OR “American Indian*” OR Ameridian OR Amuesha OR 
Anak OR “Andean Kichwe” OR Andoa OR Andorrans OR Angaite OR Anikhwe OR Anu 
OR Arara OR Arawak OR “Arawak-Taino” OR Arwak OR Ashaninka OR Atayal OR 
Austronesian OR “Ava Guarani” OR Awajun OR Awa OR Awakateco OR Aweer OR 
Ayeoreo OR Aymara OR Ayoreo OR Aztec OR Baaka OR Baantonu OR Babi OR Bahnar 
OR Babongo OR Bacwa OR Bagame OR Bagombe OR Bagyeli  OR BaGyeli OR Bajuni 
OR Baka OR Bakgalagadi OR Bakola OR Bakongo OR Bakoya OR Balala OR Bambara 
OR Bambuti OR Bantu OR Barabaig OR Bariba OR Barimba OR Basarwa OR Bassari OR 
Batwa OR Bawarwa OR Bawka OR Bawn OR BaYeyi OR Bedzam OR Benet OR Berabis 
OR Berawan OR Berber OR Berbers OR Bidayuh OR Bigombe OR Biharis OR Bilma OR 
Bisayah OR Bobo OR Boeschs OR Bofi OR Boni OR Bonis OR Boranna OR Boro OR 
Bororo OR Boruka OR Botsarwa OR Bozo OR Brao OR Bribri OR “Bri Bri” OR Brunca 
OR Bugakhwe OR Bulu OR Bumipeuteras OR Bunak OR Bunun OR Bwiti OR Cabecar 
OR Cacaopera OR Campeche OR Carib OR Caribs OR “Ch’orti” OR Chachi OR Chaima 
OR Chakma OR Chalchiteco OR Chamorro OR Chamorru OR Chamorous OR “Chao-
Khao” OR “Chao Ley” OR Charrua OR Chelkancy OR Chiapas OR Chibcha OR 
Chibchense OR Chipaya OR Chiriguano OR Chiquito OR Chiquitano OR Chorotega OR 
Chorti OR Cofan OR Chuaa OR Chuj OR Chukchi OR Chulymcy OR Chuvancy OR 
Ciboney OR “Ciboney-Taino-Arawak” OR “Cocama-Cocomilla” OR Colla OR Copts OR 
Cotier OR Cree OR Cumanagoto OR Dabou OR Dagiri OR Dahalo OR Danisi OR Daroobe 
OR Datoga OR Daza OR Degar OR Deti OR Diaguita OR Dinka OR Dioula OR Ditammari 
OR Dogon OR Dolgan OR Doma OR Dukha OR Dusun OR Ebrie OR “egga hodaabe” OR 
Elmolo OR “El Mono” OR Embera OR Emerillon OR Ency OR Endorois OR “Enlhet 
Norte” OR Enxet OR “Enxet Sur” OR Epera OR Eskimo OR “Ese Eja” OR Evenk OR 
Ewondo OR Fatukuku OR “First Nation*” OR “Forest dwell*” OR Fuegian OR Fulani OR 
Fulbe OR Galibia OR Galibi OR Garifuna OR Gaoshan OR Gio OR Guadalcanese OR 
Guana OR Guaicuru OR Guarani OR “Guarani Mbya” OR Guyami OR Guaymi OR 
Guerrero OR Gurani OR Guransi OR Gurung OR “G//ana” OR “G/wi” OR “Gwich’in” OR 
Hadzabe OR Hadza OR Haida OR Herero OR Hidalgo OR “Hill People” OR “Hill Person” 
OR Hmong OR Hoa OR Huambisa OR Huastec OR Hui OR Huetar OR Hutu OR Iban OR 
Igotot OR “Ik” OR Imazighn OR Imazighen OR “Indigenous Palestinians” OR Ingarico OR 
Inuit OR Inupiat OR Inuvialut OR Iroquoian OR Itelmen OR “Itza’” OR Ixil OR Jacalteco 
OR “Jahalin Bedouin” OR Jarai OR Jivi OR Jumma OR “Ju’hoansi” OR “K’iche” OR “Ka 
Pei Aina” OR Kachin OR Kaiowa OR Kalanga OR Kalina OR “Kalina-go” OR Kalinago 
OR “Kalinago-Taino” OR “Kali’na” OR Kamchadal OR Kanak OR “Kanaka Maoli” OR 
Kanuri OR Kaqchikel OR Karamajong OR Karenni OR Kavalan OR Kayapo OR 
Kawashkar OR Kayan OR Kazakh OR Kedayan OR Kelait OR Kenyah OR Kereki OR 
Kety OR “Khali’nago” OR Khamu OR Khanty OR Khengs OR “Khmer Krom” OR 
Khoekhoe OR “Khoe-San” OR Khoikhoi OR Khoisan OR Khomani OR “Khudro 



	 225	

Nrigoshthhi” OR Khumi OR Khwe OR Khyang OR Kichwas OR Kipsigis OR Kirdi OR 
Koba OR Koryak OR Krio OR Krohn OR Kua OR Kumandincy OR Kuna OR Kuy OR 
Kwisi OR Lahu OR Lao OR “Laotian Tribes” OR Lenca OR Lickanantay OR Limbu OR 
Lisu OR Livs OR Lobi OR Lokono OR Loma OR Lua OR Lumad OR “Lunda-Chokwe” 
OR Lushai OR Maasai OR Macourai OR Macuxi OR Macuzi OR Magar OR Makasae OR 
Makuxi OR Malagasy OR Malakote OR Malay OR “Malayo-Polynesian” OR Maleku OR 
Mangyan OR Mani OR Mano OR Mansi OR Maori OR Mam OR Manjo OR Marma OR 
“Marsh Dwellers” OR Mapuche OR Maskoy OR “masyarakat adat” OR Mataco OR 
“Mataco Matguayo” OR Matagulpa OR Maya OR “Maya Chorti” OR Mayagna OR 
Mbanderu OR Mbini OR Mbororo OR Mbukushu OR Mbundu OR Mbuti OR Mbri OR 
Mbya OR Mdendjele OR Melanesian OR “Melanesian-Papauan” OR Mestico OR Mestizo 
OR Merina OR Metis OR Miao OR Mien OR Mikaya OR Miskito OR Miskitu OR 
Misquito OR Mixte OR Mnong OR Mogeno OR “Mon-Khmer” OR Montagnards OR 
Mopan OR Moxeno OR Mozabite OR Mpukushu OR Mru OR Muong OR Murut OR 
“N/oakhwe” OR “N’guigmi” OR Nagas OR Nahoa OR Nahua OR Nahuatl OR Nama OR 
Nambiquara OR Nanaicy OR Nandeva OR “Nandevi Guarani” OR Naro OR “Naso Tjerdi” 
OR “Native American*” OR “Native Hawai’ian*” OR Negidalcy OR Negeri OR Negrito 
OR Nemadi OR  Nenets OR Nganasan OR Ngabe OR Ngobe OR “Ngobe-Bugle” OR 
Nivkhy OR Nuer OR “Nyaneka-Nkumbi” OR Oaxaca OR Ocanxiu OR Ogiek OR Ogoni 
OR Ojibway OR Okinawans OR “Orang Asli” OR Orochi OR Oroki OR Otomi OR 
Ovimibundu OR Oyampi OR “Pai Tavytera” OR Paiwan OR Palenqueros OR Palikur OR 
Pankho OR Patamona OR Pech OR Pemon OR Peul  OR Peulh OR Penan OR Piaroa OR 
“Ping Pu” OR Pipil OR Pocomam OR Pokot OR Poqomam OR “Poqomchi’” OR Puebla 
OR Punan OR Puyuma OR “Q’anjob’al” OR “Q’eqchi” OR Qawasqar OR Qicaque OR 
Quechua OR Quenchua OR “Quintano Roo” OR Qom OR Rai OR Raisales OR Rakhine 
OR Rama OR Rapanui OR “Rapa Nui” OR Raute OR Rhade OR Roraima OR Rotumans 
OR Rukai OR Saami OR Sabaot OR Saharawis OR Saisyat OR Sakapulteco OR Sakizaya 
OR Sami OR (San AND Africa) OR Sanapan OR Sanapana OR Sandawe OR “Santa Rosa 
Carib” OR Sanya OR Saramancas OR (“Scheduled Tribes” AND India) OR Secoya OR 
Sediq OR Selkup OR Semang OR Sengwer OR Senoi OR Shan OR Sherpa OR Shipibo OR 
“Shipibo-Conibo” OR Shiwiar OR Shorcy OR Shua OR Shuar OR Siona OR Sipakapense 
OR Soioty OR “South Sea Islander*” OR Stieng OR “Sumu-Mayangna” OR Sutiaba OR 
Tachangya OR “Tai-Kadai” OR Taino OR “Taino-Kalingo” OR Tamang OR Tampuan OR 
Tapeba OR Tapebo OR Tareno OR Taurepang OR Tawahka OR Tazy OR Teda OR Teenek 
OR Teko OR Tektiteko OR Telengity OR Teleuty OR Temenbe OR Teribe OR Tesker OR 
Thakali OR Tharu OR Thao OR Tikuna OR Tikigaq OR Tirio OR Toba OR “Toba 
Maskoy” OR Tofolar OR Tolai OR Toloupan OR Tomarao OR Topnaars OR “Torres 
Straight Islander*” OR Totonac OR Toubou OR Truku OR Tsexakhwe OR Tripura OR 
Tsaatan OR Tsachila OR Tsou OR Tsumkwe OR Tshwa OR Tuareg OR Tuaregare OR 
Tubolar OR Tubu OR Tugen OR Tukano OR Tupi OR Tutong OR Tutsi OR “Tuvin-
Todjin” OR Twa OR Tyua OR “Tz’utujil” OR Tzeltal OR Tzotzil OR Uchay OR Udege 
OR Ulchi OR “Ureueu-Wau-Wau” OR Uru OR Uspanteko OR Vadda OR Vadema OR Vai 
OR Veddhas OR Veps OR Vyadha OR “Waaniy-a-Laato” OR Waata OR Wadoma OR 
Wagashi OR Wapaichana OR Waorani OR Wapixana OR Warao OR Warrau OR “Warrau 
Wayana” OR Wayampi OR Wayana OR Wayeyi OR Wayuu OR Wichi OR Wodaabe OR 
Wounaan OR Xinka OR Yaaku OR Yami OR Yamana OR Yanomami OR Yukpa OR 
Yvytoso OR Zamuco OR Zapara OR Zapotec OR “!Xoo” OR “//’Xauesi” OR “/Xaisa” OR 
“‘Akateco” OR ((Indigenous OR Aboriginal OR Native) AND (Ache  OR Algonquin OR 
Amis OR Bedouin OR Bugle OR Bushmen OR Dakota OR Dan OR Fang OR Herder OR 
Herdsmen OR Indian* OR Karen OR Maroon OR Mohawk OR Mon OR pastoralist* OR 
Papua OR Pear OR Potters OR Pygmy OR Pygymy OR Rade OR Roma OR Sab OR 
Squamish OR Tay OR Trio OR Yucatan)) 

Exposure “atmospheric pressure” OR barometric OR cloud* OR cold OR “dew point” OR heat* OR 
humidity OR meteorolog* OR precipit* OR rain* OR season* OR snow* OR storm* OR 
sunshine OR temperature* OR “UV” OR “UV Index” OR “ultraviolet radiation” OR vapor 
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OR warming OR weather OR wind OR winds OR windy  
Comparator -  
Outcome 
(ARI and 
Pneumonia) 
 

“acute chest syndrome” OR “acute respiratory distress syndrome” OR “ARDS” OR 
“bacterial pneumonia” OR “Black Lung Disease” OR bronchitis OR bronchiectasis OR 
bronchiolitis OR “bronchiolitis obliterans organizing pneumonia” OR “BOOP” OR 
“bronchopulmonary dysplasia” OR bronchopneumonia OR byssinosis OR “chest 
infection*” OR congest*  OR coccidioidomycosis OR cocci OR cough* OR “cryptogenic 
organizing pneumonia” OR “flu” OR “Hantavirus Pulmonary Syndrome” OR 
histoplasmosis OR “Human Metapneumovirus” OR “Hypersensitivity Pneumonitis” OR 
Influenza* OR “lower respiratory tract infection” OR “LRTI” OR “LRTIs” OR “lung 
inflammation” OR “MERS” OR “Middle Eastern Respiratory Syndrome” OR 
“mycoplasma” OR “Non-tuberculosis Mycobacterium” OR pertussis OR pleuropneumonia 
OR pneumonconiosis OR pneumocystis OR pneumon* OR pneumophila OR 
“pneumocystis carnii” OR pulmonary OR Respiratory OR “Respiratory distress” OR 
“Respiratory distress syndrome” OR “respiratory tract infection*” OR “RTI” OR “RSV” 
OR “Respiratory Syncytial Virus” OR sarcoidosis OR “severe acute respiratory syndrome” 
OR streptococcus OR “tuberculosis” OR “TB” OR “upper respiratory tract infection*” OR 
“URTI” OR “URTIs” OR wheez* OR “viral pneumonia” 

 

† The following terms were not found in PubMed ®: Aboriginal-Malay, al-Asarmeh, al-Ramadin, al-
Rshaida, Kichwe, chalchiteco, Chao-Khao, hodaabe, Enlhet, jivi, Ju'hoansi, kalina-go, Khali'nago, Khudro, 
Nrigoshthhi, Matguayo, oakhwe, Nandevi, Tjerdi, ocanxiu, Tavytera, Q'anjob'al, sakapulteco, sipakapense, 
Sumu-Mayangna, tikigaq, Maskoy, Tuvin-Todjin, tyua, ureueu-wau-wau, waaniy-a-laato, yvytoso, akateco.  
†† The search is designed to be broad, starting with broad terms that are typically used to search for 
Indigenous populations (presented in this table). Specific population terms were added to increase the 
sensitivity of the search string, attempting to not miss any relevant literature (presented in the appendix). 
Since the study was not restricted by date, historical terms for Indigenous groups were included. In doing 
so, we do not wish to perpetuate any derogatory terms or stereotypes, but rather, aim to include the most 
comprehensive search of the literature. As such, articles that described research that was racist, harmful to 
Indigenous peoples, and/or unethical were excluded from this review. 
†††This is the full search. Broad search strings are presented in this table, and individual groups names 
derived from two the Internal Work Group for Indigenous Affairs (IWGIA; www.iwgia.org) and the United 
Nations Refugee Agency are presented in the appendix.	
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Appendix J. 
 
Selection of printed knowledge to action materials for Chapter 3 from meetings and 
workshops in Kanungu District, in 2018.  
 

Booklet 
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Appendix K. 
 
Differences in demographic proportions for eQuality and general hospital populations at 
BCH.  
 

Population Demographics eQuality Insurance 
Scheme 

General hospital 
population at BCH 

Number of observations 
from 2011-2014 

19,403 41,206 

Proportion of population 
by age group 
0-5 
6-12 
13-18 
19-55 
>55 

 
 
0.301* 
0.133 
0.104 
0.370 
0.092* 

 
 
0.201* 
0.118 
0.108 
0.411 
0.158* 

Proportion of population 
by sex 
Male 
Female 

 
 
0.440 
0.560 

 
 
# 

# 

Proportion of population 
by treatment ward 
Adult in-patient ward 
Pediatric ward 
Out Patient ward 

 
 
0.022 
0.076 
0.902* 

 
 
0.080 
0.138 
0.782* 

Proportion of population 
registered with eQuality 
per year 
2011 
2012 
2013 
2014 

 
 
 
0.068* 
0.543 
0.350 
0.039* 

 
 
 
0.101* 
0.475 
0.348 
0.076* 

Proportion of population 
registered with eQuality 
by season 
Wet season 
Dry season 

 
 
 
0.581 
0.419 

 
 
 
0.582 
0.417 

*Indicates significant differences between the two populations (p<0.05).  
#Demographic was not available in the general hospital dataset.  
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Appendix L. 
 
Selection of printed knowledge to action materials for Chapter 4 from meetings and 
workshops in Kanungu District, in 2018.  
 

Booklet 
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Appendix M. 
Detailed study design and sampling strategy for community questionnaire and hospital 
dataset for Chapter 5.  

Research Framework  

 This research was informed by an EcoHealth [1] framework. The pillars of 

EcoHealth research (i.e. the goals or guiding principles) are traditionally categorized as 

principles for process of EcoHealth: a systems thinking approach, transdisciplinarity, and 

participation; and principles that represent the intrinsic goals of EcoHealth: sustainability, 

social and gender equity, and knowledge to action [1]. The EcoHealth framework is 

deeply rooted in health equity. 

Study Location 

Kanungu District, Uganda 

 Kanungu District is a rural district in the Southwest of Uganda, bordering the 

Democratic Republic of the Congo to the West, Kisoro and Kabale Districts to the South, 

and Rukungiri District to the North, and East (Figure M.1). Kanungu District is home to 

approximately 252,000 people [2, 3], of whom, approximately 81% live in small 

communities and rural townships [3]. These communities are separated geographically by 

a number of land features, including the Bwindi Impenetrable Forest, Lake Edward, 

smaller streams and lakes, and a mountainous terrain. The high altitude of Kanungu 

District along with the vast forest moderate the local climate [4], which typically 

experiences rainy seasons from March to June and September to November, and dry 

seasons from December to February and July to August [5].  
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Figure M.1. Map of Kanungu District demonstrating location of Bwindi Impenetrable 

National Park and Bwindi Community Hospital in Kanungu District, Uganda. 

 

 The population of Kanungu District has more females than males, and 57% of the 

population is less than 18 years of age [3]. Nearly 30% of the population living in 

Kanungu District was living on less than $1USD per day in 2011 [3].  

Batwa and Bakiga Communities 

 The majority of the population in Kanungu District are Bakiga (i.e. approximately 

88%) [6], while a smaller proportion are Indigenous Batwa (i.e. approximately 1%) [7]. 

The Batwa and Bakiga populations are distinct ethnicities that live in Kanungu District, 

differentiated by a number of key factors. The Batwa population are highly isolated 

socially and economically compared to the Bakiga living in the same region [8].  

The Batwa in Kanungu District were evicted from their ancestral forest lands in 

1991 when the Bwindi Impenetrable Forest became a National Park, ultimately restricting 
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the access of the Batwa to the Forest where they had lived, hunted, and gathered foods 

and medicines for millennia [8, 9]. Since their eviction from these ancestral forest 

homelands, the Batwa have experienced a range of poorer health outcomes [7, 8, 10-13], 

and have significantly shorter lifespans than other population groups (e.g. 28 years 

compared to the national average of 53 years) [8].  

Bwindi Community Hospital 

There are two hospitals in Kanungu District: a government operated hospital 

called Kambuga General Hospital in the Eastern part of the District [14], and a privately 

operated hospital called Bwindi Community Hospital (BCH) in the Southwest of the 

District [15]; there are also a number of smaller health clinics in Kanungu District. At 

BCH there is an out-patient department (i.e. all patients not requiring overnight admission 

to the hospital), and six in-patient wards: adult in-patient (i.e. male and female wards for 

patients >12 years), pediatric (i.e. a single ward for males and females ≤ 12 years), 

immunodeficiency, surgery, and maternity. BCH is a donor-funded hospital that uses a 

fee-for-service structure to treat patients, subsidized by an insurance scheme known as 

eQuality [16]. The population of the catchment of BCH is approximately 100,000 people 

[15].   

Data Collection and Management 

Community Sampling 

 The community sampling strategy has been described in detail previously [10]. 

Two cross-sectional community questionnaires were conducted in ten Batwa and ten 

Bakiga communities via face-to-face interaction in Rakiga (i.e. the local language for 

both Batwa and Bakiga), in July 2013 and April 2014 (Table M.1). Due to the small 

population size for Batwa living in Kanungu District, a census of the communities was 

attempted. In Bakiga communities, a two-step proportional systematic random sampling 

strategy was employed, including approximately 40% of households in each community. 

The two-step proportional random sample was based on sampling frames provided by the 

chairpersons of each community and consisted of a list of the households in the 

community. A random number between one and ten was selected as the starting point and 

the interval (n) between households was obtained by multiplying the total number of 
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households in a community by 0.4 (i.e. 40% proportional inclusion in the study). Every 

nth household was subsequently invited to participate in community data collection 

procedures. The same population was invited to participate in July 2013 and in April 

2014.  

 

Table M.1. Community profiles for ten Batwa and ten Bakiga communities included in 

two cross-sectional community questionnaires in July 2013 and April 2014 in Kanungu 

District, Uganda.  

 

Community 
 

Batwa Community Bakiga 
Population Distance to 

Hospital 
(BCH) 

Additional 
Health 
Centres 

Population
* 

Distance to 
Hospital 
(BCH) 

Additional 
Health 
Centres 

Kihembe 17 HH VF C Kengoma 136 HH VF C 
Bikuto 13 HH F None Bikuto 136 HH F None 
Mukongoro 17 HH N H Mukongoro 117 HH N H 
Kitatiro 17 HH VF C- Kitariro  VF C- 

Byumba 19 HH F C+ Kibare  F C+ 

Karehe 7 HH N H Mukono 137 HH N H 
Buhoma 3 HH N H Buhoma 151 HH N H 
Rulangara 9 HH F None Kishanda 85 HH F None 
Kitahurira 8 HH VF None Mpungu  VF None 
Kebiremu 21 HH F C- Kebiremu  F C- 
Kanungu 
District 

900 IND    250,000 
IND 

  

* Population of communities from Kanungu District [17] 
BCH: Bwindi Community Hospital 
Population: HH: Households; IND: Individuals  
Distance: N: Near, F: Far, VF: Very Far 
Health Centres: C: Clinic, C+: clinic in good condition, C-: clinic in poor condition, H: Hospital 
 

 The distance from a community to the hospital was categorized via community 

profiles that were developed via rapid rural appraisals [18, 19] and via mapping exercises 

that included a crude estimate of direct distance. The rapid appraisals included 

considerations of time, distance by road, quality of roads, and terrain separating the 

community from the hospital.  
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Community Questionnaire Data 

 The community questionnaire data collected for this study included two parts: (i) 

an individual-level health questionnaire; and (ii) a household-level questionnaire related 

to sociodemographic and familial characteristics. The individual-level health 

questionnaire collected information on demographics, risk factors, self-reported acute 

gastrointestinal illness (AGI) experience(s) in the past 2-weeks, and malaria confirmed by 

rapid diagnostic test at the time of the questionnaire. In this questionnaire, risk factors 

referred to individual-level factors such as mosquito exposure behaviours (e.g. time spent 

in fields, forests, or by rivers) and general satisfaction with life. Questions about self-

reported illnesses (i.e. AGI and malaria) included recall of illness, descriptions of 

symptoms and duration, social impacts (e.g. missed work or other activities), and health-

seeking behaviours. The household-level questionnaire collected information on 

demographics and risk factors. In this survey, risk factors referred to household-level risk 

factors such as housing type, socioeconomic status, animal ownership, sleeping habits 

(e.g. bed type, bed net use), availability of hand-washing facilities, and toilets. The two 

parts of the questionnaire (i.e. the individual-level health questionnaire and the 

household-level questionnaire) were subsequently matched to include all of the 

household-level data in each individual record. Data collection was done via paper 

questionnaires and entered into Microsoft Access © (Microsoft Corp, USA).  

eQuality Insurance Scheme  

 A second database was used to collect the demographic characteristics of patients 

as these were not contained in the original database. The eQuality database is an optional 

insurance scheme that provides approximately 80% subsidization for medical fees at 

BCH, which residents of Kanungu District can join for a cost of 20,000 UGX (i.e. ~$5.20 

USD) per person, per year [16]. In an effort to provide medical services to Batwa, who 

are often particularly low-income in Kanungu District, the eQuality system is further 

subsidized to a cost of 10,000 UGX (i.e. ~$2.60 USD) per person, per year [16]. The 

eQuality Insurance Scheme was matched to the hospital admission records by individual 

identification number, and also contained data on age, sex, ethnicity, distance to hospital, 

and community/ sub-county address.  
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Case Definitions 
  In the communities, case definitions were based on self-reported illness, up to and 

including a 14-day recall period. AGI was defined as diarrhea (i.e. ≥3 loose stools in a 

24-hour period) or vomiting [8]. Fever was defined as an increased temperature, not 

requiring confirmation by a thermometer [10].  

Ethics 

 The ethical protocols for this research were co-generated by the Research Team 

and community partners in an ongoing consultation process. The ethical protocols were 

further approved by the research ethics boards at the University of Guelph (Canada) and 

McGill University (Canada), as well as by the Bwindi Community Hospital (Uganda).   
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