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Abstract 
Social inequality impacts health, is aggravated by the consequences of 
climate change, and may be influenced by inappropriate policy 
responses. These interdependent effects create a self-perpetuating 
loop exacerbating the impact of climate dysregulation on health in an 
uncontrolled and poorly understood way. Holistic approaches to 
public health such as One Health, EcoHealth or Planetary Health are 
well suited to tackling the considerable and complex environmental 
and social issues underlying climate dysregulation. However, the 
extent to which research using such frameworks investigates social 
determinants of health is not clear. In this paper we discuss the ways 
in which the social environment has so far been considered in the 
literature to problematize and analyze the relationship between 
climate dysregulation and health within holistic frameworks and 
provide tools and recommendations to facilitate their apprehension. 
Social factors are investigated empirically only in a minor fraction of 
studies addressing the relation between climate and health in holistic 
frameworks, and not systematically. Barriers to such approaches are 
discussed. This work also provides two analytical tools (a process 
diagram and a knowledge framework) and a set of recommendations 
to help include the social environment more meaningfully in such 
frameworks. They are meant to facilitate our understanding of the 
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current status of this type of research and to encourage trans-
disciplinary and trans-sectorial endeavors towards directions which 
need to be taken to ensure societal factors and inequalities are placed 
at the center of research on climate and health and the ensuing policy 
response.
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Introduction
Climate change is increasing the frequency and intensity of  
many extreme weather events, resulting in severe damage to the 
natural and social systems on which health depends1. While  
mitigation strategies clearly need to be actively pursued, it is  
critical to base adaptation strategies on detailed knowledge 
of the numerous climate dysregulations, their impact, and 
their underlying interconnections with other major social 
and political challenges given the complexity of this global  
concern.

The devastating health and social consequences of such changes 
are part of a bigger global picture where the human and economic 
costs are already high. Climate change has adversely impacted 
health in many ways: from deaths, injuries, premature births 
and post-traumatic stress disorders caused by direct effects of 
extreme weather events, to a myriad of diseases due to indirect  
effects linked to air, soil, water, food quality and availability 
and to biodiversity loss (WHO Meeting Report, 2015). Long 
neglected in climate change discourse, the climate change impact 
on health is now fully incorporated within the last Intergovern-
mental Panel on Climate Change (IPCC) assessment2 which 
also highlights the interdependence of climate, biodiversity  
and populations, some of which more vulnerable than others.

Health is determined by our social conditions, resources and 
environment: as for socio-economic factors, the poorest people 
have the highest levels of morbidity and premature mortality3. 
Furthermore, across the social spectrum, health follows a social 
gradient: on average the lower one’s socioeconomic position, 
the worse is one’s health4. Social position includes components 
such as age, gender and ethnicity,  and thereby may be associated  
with poor health outcomes because of its relationship with other 
determinants of health, e.g. access and use of health services, 
psychosocial support, behavioral factors, education, food, hous-
ing, recreational activities and other societal resources, all criti-
cal for good health and well-being. These in turn are shaped by 
political, social, and economic forces that lead to inequity in a 
systematic way, produced by social norms, policies, and prac-
tices that tolerate or promote unfair distribution of and access  
to power, wealth, and other necessary social resources5,6.

Climate change also meaningfully affects the social determinants 
of health which are critical in the construction of health7. This  
happens in different ways, notably described in the WHO  
Commission on Social Determinants of Health final report and 
identified formally by Islam & Winkel (UN Department of  
Economic & Social Affairs working paper, 2017), as affecting 
exposure, sensitivity and resilience of disadvantaged popula-
tions. These include increased exposure of poor populations 
to extreme heat, pollution and climatic disasters due to their 
residential hazardous location usually more prone to flood-
ing, erosion, mudslides or close to waste- sites, roads and  
factories; increased susceptibility of some population groups 
such as women, due to their typical daily tasks imposed by 
social norms, or some workers whose occupational location  
and activities, or populations living in poor quality housing 
or with comorbidities; and a decreased ability to cope with  
stressful climatic events or to prevent or recover from physical 
and material damages (due to systematic resource-constraints 
such as lack of private resources, of insurance contracts, of access 
to public resources and services…)8,9. These driving forces can  
lead to property loss, reduced livelihoods, residential reloca-
tion, and other climate-related crises (infrastructure damages  
limiting access to healthcare, food insecurity, forced migration, 
war…) further widening inequalities10–12. Additionnally, climate 
changes can worsen income or occupation inequality and may even 
create a feedback loop with it13–15. On top of this, social inequali-
ties and per capita greenhouse gas emissions are positively cor-
related in emerging economies, which implies that inequalities  

          Amendments from Version 2

The following text has been added or clarified as follows 
(including 14 new references):

In Introduction:
Paragraph 3:
“as for socio-economic factors, the poorest people have the 
highest levels of morbidity and premature mortality”
“Social position includes social components such as age, gender 
and ethnicity, and thereby may be associated with poor health 
outcomes because of its relationship with other determinants of 
health, such as…”
1 new ref

Paragraph 4 : 
“These driving forces … further widening inequalities (3 new refs)”
“Additionally, climate changes can worsen income or occupation 
inequality and may even create a feedback loop with it (3 new 
refs)
 “On top of this, …in emerging economies” (1 new ref)

Paragraph 5:
“As climate change is likely to exacerbate inequality and as 
poverty… »
“worsening” instead of ‘exacerbating”
“the estimated number of people expected to fall into extreme 
poverty (i.e., income below the international Poverty line)…”
“…it is critical to understand the global picture when to design 
adequate actions, not to imbalance the system or generate 
deleterious effects in other places and break the devastating 
loop (1 new ref)”
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“As well as their own vulnerability … disproportionately burdened 
by new policies …which can have regressive impacts (2 new refs)”
“As such, understanding and … and of ensuing incentives or 
deterrent measures are key if we are to avail ourselves of 
actionable, reliable research and appropriate policy priorities”.

Paragraph 7, ahead of the description of holistic models: 
“Given the complexity of the climate and health challenges …3 
new refs
… and more recently, Planetary Health…”

In Discussion:
Limitations section:
“Furthermore, we have not included commercial determinants 
of health in the bibliographic search string related to social 
components despite their important role in climate change and 
social inequalities.”

Any further responses from the reviewers can be found at 
the end of the article
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may even aggravate the climate change process16 (UN Department 
of Economic & Social Affairs working paper, 2015). 

As climate change is likely to exacerbate inequality and as  
poverty and social injustice continue to kill people on a grand 
scale, also gaining ground in high income countries17, a vicious  
circle sets in that further amplifies climate change impacts 
on vulnerable populations, worsening climate impact on  
health in an uncontrolled vertiginous way that not only affects 
some populations disproportionately but also adds on the  
burden on medical services. According to the World Bank, the  
estimated number of people expected to fall into extreme 
poverty (i.e., income below the international Poverty line) 
due to climate change is ranged between 32 million and  
132 million in most scenarios by 203018. Therefore, it is 
critical to understand the global picture to design adequate  
actions, and break the devastating loop19.

As well as their own vulnerability to the effects of climate  
change, the most socially disadvantaged are also disproportion-
ately burdened by new policies which are set in place to foster 
behavioral or cultural changes and which can have regressive 
impacts19–22. Disadvantage caused by poverty, discrimination 
or geographical factors has led to the exclusion of some groups 
from digital technologies, sustainable foods or public transport  
infrastructures, areas which will be important to develop to  
deliver carbon neutral targets. For instance, when policy  
incentives are established to improve housing and facilitate 
shifts away from polluting vehicles, these must consider the  
challenges faced by people with low incomes and/or living in  
isolated rural places23. As such, understanding and identifying 
the social patterning of the human health and wellbeing con-
sequences of climate dysregulation and ecosystem disruption  
and of ensuing incentives or deterrent measures are key if 
we are to avail ourselves of actionable, reliable research and  
appropriate policy priorities24. Thus, the climate emergency  
and social inequalities in health must be addressed simultane-
ously based on scientific actionable evidence to guide equitable  
and acceptable policy responses25.

Given the complexity of the climate and health challenges 
that span various knowledge disciplines, necessitating multi-
level analyses and the involvement of diverse sectoral actors, 
the importance of systems thinking has emerged. Unlike  
traditional statistical analysis, which tends to isolate individual  
components of study, systems thinking views these components 
as a complex whole made up of interrelated and interdepend-
ent parts26–28. This shift has led to the rise of holistic health 
approaches over the past decade, including EcoHealth, One 
Health, and more recently, Planetary Health. Among public health  
models, these holistic approaches aim to provide compre-
hensive frameworks to systematically investigate complex  
multifactorial relationships between political, social, cultural  
and environmental factors that underpin climate change  
impacts on health of humans, living organisms, natural  
ecosystems and of the planet. Specifically, these frameworks 
are well suited to tackle inequalities between high and low 
and middle income countries. Although there are some minor  
differences29, all three assume that humans and other  
animals share the same planet habitats and face the same 
environmental challenges, infectious agents as well as other 

aspects of health30. The “One Health” (OH) concept was  
introduced at the beginning of the 21st century, emphasizing 
that human and animal health are interdependent and connected 
to the ecosystems in which they exist. OH is also seen as « the  
collaborative effort of multiple health science professions,  
mainly medical and veterinary sciences and institutions— 
working locally, nationally, and globally—to attain optimal 
health for people, domestic animals, wildlife, plants, and our  
environment ». EcoHealth (EcoH) is described as being commit-
ted to fostering the health of humans, animals, and ecosystems  
(including microorganisms) and « to conducting research which 
recognizes the inextricable linkages between the health of all 
species and their environments ». Emphasis is placed on the  
threat that a resource-depleted, polluted, and socially unstable 
planet poses for health on the long run30. Planetary health (PH) 
is the most recent ecological public health model in line with 
the 1970’s environmental and holistic health movements and  
with the indigenous knowledge of health. Compared to the 
WHO definition where “health is a state of complete physical,  
mental and social wellbeing and not merely the absence of  
disease or infirmity”, the definition of planetary health would 
be “the achievement of the highest attainable standard of  
health, wellbeing, and equity worldwide through judicious 
attention to the human systems—political, economic, and  
social—that shape the future of humanity and to the Earth’s  
natural systems that define the safe environmental limits within 
which humanity can flourish”5.

Scientific papers are increasingly discussing the impacts of  
climate change on health through the lens of the above holistic  
frameworks. However, the extent to which social determi-
nants of health have been investigated within such frameworks 
is not clear. In this paper, we discuss the ways in which the  
social environment is considered in problematizing and  
analyzing the relationships between climate dysregulation and  
health within holistic frameworks as well as the challenges 
that may be faced in such research works. We further provide  
some recommendations and tools that may facilitate our 
understanding of the current status of this research, and help 
foster research and actions towards directions which need to 
be taken to ensure that social inequalities and societal factors 
are placed at the center of research on climate and health 
and the ensuing policy response.

Discussion
Climate change, social environment & health within 
holistic frameworks: insights from the literature analysis
The climate change topic has been increasingly infusing  
research since the 1990s mainly after the first Intergovern-
mental Panel on Climate Change assessment was reported. In 
the life sciences and biomedical research literature, this topic  
represents though a very small proportion of health research in 
general and is significantly associated with holistic approaches  
of health (namely OH, EcoH, PH) that increasingly appeared 
in this literature over the past decade. These holistic models  
address a broader field of environmental investigation which  
make them well fitted to tackle environmental and social  
issues such as those conveyed by climate change. We carried 
out a literature analysis in PubMed and Web of Science 
databases for which detailed information is available as  
supplementary data31–34. Among articles which simultaneously 
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included i) the term “climate change”, ii) one of the holistic 
above-mentioned frameworks (OH, EcoH or PH) and iii) at least 
one term related to the broadly-defined social environment - i.e. 
related to any social organization, process, norm, habits, and 
characteristics possibly affecting health (directly or indirectly) 
including lifestyle behaviors -, we first found that a notewor-
thy though limited number of articles have so far addressed the 
climate change topic through the lens of holistic approaches of 
health (Eco H, PH or OH; 595 in Wos, 393 in Pubmed). A frac-
tion of these works further considered simultaneously some  
aspects of the social environment (57%; n=401) as follows.

The majority of such articles (80%) were not original research 
articles but theoretical works such as reviews or various  
types of commentaries, recommendations and method papers.  
Overall, the theoretical works covered a variety of knowl-
edge and areas that pointed to challenges and problems faced 
across domains at a global level when working on holistic  
models of health. These areas were either addressed (i) through 
a theoretical lens such as syntheses on specific effects of  
climate change related to health; concepts development within 
the three holistic frameworks; rationales for their use in the  
context of environmental changes including climate change and 
critique of the different approaches; vulnerability rationales  
to climate and/or diseases (zoonotic mostly) and views on  
transforming the food system to better protect environment 
and health; or (ii) as practice papers such as lessons-learned 
from implemented approaches; public health/clinical practice  
& training considerations in such approaches; indicators of 
resilience monitoring; analyses of policies alignment to the  
Sustainable Development Goals and analyses of political agendas 
towards risk reduction.

Only a minority were empirical papers (20%), mainly observa-
tional, modelling, and assessment ones that globally not only  
addressed direct or indirect impacts of climate change on health 
but also tackled climate change and health as independent  
topics of education, training or risk monitoring. The major 
topic areas covered were related to public health & healthcare  
services, health professional practice & training, and nutrition.  
All aimed to provide new knowledge in domains often chal-
lenged at the human/animal or ecosystem interface, sometimes  
also considering planet resources.

With regard to the social factors studied in the empirical  
studies, a minority (19%) were treated as the main variable 
of interest / exposure / outcome, most of them were either  
treated as covariates (43%), often as descriptive variables or 
only discussed as having a possible influence (37%). None of 
the factors related to individual characteristics (gender, ethnicity,  
education) or to household assets (including occupation tenure 
and socio-economic items) were addressed as an exposure  
or outcome. Social determinants were more often analyzed 
as consequences than as exposures although they influence  
both35. Some examples of such empirical studies are detailed in  
supplementary material36.

Social factors are deemed important when working with  
holistic health frameworks and many see that this is an important 
area to invest effort across research themes. Though globally 
few of the research papers analyzed have carried comprehensive  
analyses of the diverse inter-relations with climate change 

and health reflecting a still largely incomplete knowledge.  
Considering the role of social factors in structuring the  
environmental exposition, people resilience and ability to cope, 
it is crucial they are considered in a more systematic way and  
further studied as the main outcome and variable of interest to 
understand the underlying mechanisms of construction37. Only  
such an approach to the social environment will provide some 
factual clarification and guide how to possibly reduce the  
aggravating effects or prevent new social inequalities. A set 
of methodological recommendations provided by Neufcourt  
et al.38 can help extend research into this direction. These are 
meant to be used when designing empirical studies aimed at 
investigating relations between exposome and health outcomes  
They highlight questions to ask to make the relationships 
hypothesized more explicit, especially when testing hypotheses: 
which approach to use (agnostic / hypothesis driven / mixed); 
when selecting data, which type of social variables to account 
for (behavioural / material / psychosocial); how to treat social  
factors in analyses; what are the corresponding limitations.

Visualizing the challenging entanglement of social 
components in climate & health
As the social environment is considered to have a potential  
influence on health in many unclear ways, we endeavored 
to map the social environment & pathways discussed so far.  
Process diagrams are visual representations of the way in 
which interacting factors behave within a complex system; they 
are useful for summarizing and organizing information from  
interdisciplinary research and help identify data gaps or  
links39. First, we identified the specific nature of climate and  
social/societal components discussed in the 80 empirical  
studies. It resulted in a number of contributive elements that we 
reported as a process diagram along with the corresponding  
number of studies they were part of (Figure 1), to facilitate 
their apprehension. We then inferred the theoretical pathways 
most likely to relate the social components to health outcomes  
from the literature in social epidemiology and reported them 
in the diagram. Potential links were determined and placed  
between the related social components and their possible  
pathways as well as between some social components.

The climate elements were overall mainly referred to as the 
generic concept of ‘climate change’. Among the meteorological  
parameters studied, temperature was the most frequent  
component measured, followed by precipitations, greenhouse  
gas emissions and humidity; wind conditions were addressed 
in one study, which highlights the lack of research on some 
climate factors that could also impact health substantially  
(Figure 1, cloud boxes). It can be noted that ‘pollution’ did not 
emerge from the analysis.

Regarding social factors, six broad categories (visualized as  
colored clusters in the diagram, Figure 1) emerged from the 
analysis: factors related to food (light grey boxes) or health  
systems (dark grey boxes) and to individual characteristics  
(i.e., lifestyle behaviors, gender, education, livelihoods – green 
boxes) were most often reported, followed by factors related to 
built environment (black boxes) and to sanitation (white box).  
Their potential relations to health were analyzed and the most  
obvious theoretical pathways possibly mediating these effects 
were inferred from the social epidemiology literature. These  
pathways were integrated into the diagram as hexagons and 
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their relationships as arrows (plain arrows for direct effects,  
dashed arrows for indirect effects; Figure 1). This knowledge 
thus synthesized can be visualized more easily and may be  
helpful to inform and guide research in identifying upstream 
risk factors and eventually providing a way to conceptualize  
causal processes.

Framing and structuring the complexity
Such inter-relations between climate change, social conditions 
or organization, and health outcomes remain complex and are 
a key hurdle in addressing social inequalities. Clarifying the  
research-based knowledge by further structuring all the informa-
tion identified as a knowledge framework may help facilitate 
the analysis and the understanding of underlying structural  
systems. Figure 2 provides such a framework where the  
diversity and heterogeneity of the identified social compo-
nents were categorized and organized as various layers of social  
characteristics and/or social organization constitutive of distinct 
levels of the environment (micro/meso/macro-environments), 
all relating in some way to key pathways of climate change 
impacts. The micro-level consisted of all individual or  
household characteristics such as ethnicity, gender, household  
assets (defined as a broad category including livelihoods, social 
& socio-economic status, housing & pets, belongings and  
lifestyle behaviors like eating habits); the meso-level included 
characteristics or processes at a larger group-level such as  
people migration & movement, population density, settlements, 
social & community networks and engagement, professional  

practice & training for specific groups; the macro-level  
referred to global organizational systems or activities built 
by the society such as food systems, sanitation & health  
services, education, built environment, risks management. 
Macro-level exposures are especially relevant for inter-country 
comparisons; micro- and meso-level environments are easier 
to characterise using national administrative data. Such a  
framework can be used by researchers and health actors inter-
ested in understanding social determinants and consequences of 
climate change on health, and facilitate a more systematic con-
sideration and integration of social variables in our understand-
ing, mitigation or prevention of the mechanisms underlying 
the relationship between climate change and health. An exam-
ple of directed graph integrating levels of social environment in  
causal pathways to mortality is given as supplementary file40.

Data challenges
Another key hurdle explaining the difficulty in addressing  
social factors is the lack of data and lack of data linkage. Social 
data are either rarely or not measured, or are not reusable or  
linkable across health, social and climate disciplines. The reuse 
from multi-sources databases and linkage of individual-level  
data remains challenging at several levels: difficult discover-
ability; data heterogeneity between sources; lack of social  
data collection; frequent impossible linkage between databases; 
complex legal processes for data access and reuse; unwilling-
ness from some researchers to share data; and considerable work  
needed for data preparation before sharing, not anticipated nor 

Figure 1. Process diagram figuring climate exposures, social components and their pathways to health. This diagram relies on 
80 empirical papers identified in a literature review and individually scrutinized for text elements related to climate change or to social 
components that were either studied or mentioned; identified elements were reported in the diagram as cloud for climate elements or oval 
boxes for social ones (food-related in grey; health services-related in dark grey; individual characteristics in green; …). Theoretical pathways 
the most likely to link the social components to health outcomes were reported in the diagram as purple hexagon boxes; arrows were 
placed between the related social components and their possible pathways to health (plain arrows) as well as between possibly inter-linked 
social components (dashed arrows). GHG: greenhouse gas.

Page 7 of 28

Open Research Europe 2024, 4:105 Last updated: 16 JAN 2025



Figure 2. Synthetic knowledge framework for climate change, health outcomes and social determinants of health. This  
theoretical framework is based on the knowledge generated from the empirical studies describing the inter-dependence between climate 
change, health outcomes and social determinants of health at three different social organization levels (micro/meso/macro). T°: temperature; 
PTSD: post-traumatic syndrome disorder.

funded. These challenges, detailed in Box 1, are in our view  
major issues to be anticipated for further improvement41.

Box 1. Data challenges for reusing multi-sources databases 
and linkage of individual-level data

i/ Difficult discoverability: Health & social data are quite 
fragmented and distributed across several information 
systems (healthcare establishments, research laboratories, 
public statistical databases, or many different governmental 
establishments) and in disciplinary siloes which makes it 
difficult to discover and access them. Climate model data 
have though been made openly available as part of the World 
Climate Research Program to researchers from a wide range of 
communities42. There is a need for better data visibility;
ii/ Increasing heterogeneity of data from different sources: 
the information collected is increasingly heterogeneous due to 
(a) the varied structural and lexical nature of data (i.e. genomics, 
physiological, biological, clinical, pharmacy, imaging, medico-
economic, epidemiological data for health; psychological, social, 
cultural, geographical for social data; space or surface borne-
instrumental, paleoclimatic, satellite, and model-based sources 
for climate); (b) the heterogenous formats of data which are 
not always easy to use for research purposes (text, numerical 
values, signals, 2D and 3D images, genomic sequences, etc.); 
(c) the heterogenous data quality and their various levels of 
sensitivity;

iii/ Data collection gap: there is a lack of social data collection, 
e.g. social data characterizing people’s living conditions & 
ethically collected data on race/ethnicity which often do not 
exist in many countries for historical and cultural reasons, 
regarding e.g. racial discrimination, thus impeding the monitoring 
of health inequalities; on the other hand, climate data are well 
collected but increasing volumes of climate modelling are 
produced that complexifies their use42;
iv/ Inability to link databases: Quality quantitative social data 
available at the individual level (i.e. an individual’s occupation, 
education level, income) are often not linked or linkable to 
quality health data across countries;
v/ Complex legal processes for data access and reuse: Due to 
the sensitivity of health & social data and to legal aspects such 
as the European General Data Protection Regulation, linking 
information across multiple data sources requires approvals 
that are subject to long delays which in turn are difficult to align 
with project schedules and funding timelines;
vi/ Data hogging: Heterogeneous and unclear data 
management results in a lack of open sharing practices by 
default, which often happens in the absence of open data 
mandates from the funder or publisher;
vii/ Burden of data preparation: The heavy burden of data 
preparation needed for open access and reuse and the lack of 
support for those tasks discourage researchers to carry them 
out.
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How to move forward: global recommendations
New research is crucial in deciphering the pathways involved 
in order to provide the required knowledge for decision and  
action either preventive or adaptive. We encourage health  
researchers and practitioners to adopt a holistic view integrat-
ing the social environment when designing their projects and 
get all relevant partners and stakeholders across disciplines and  
sectors on board from conception. Our proposed thinking 
tools may help guide such trans-sectorial research and can 
also help in planning data collection and analysis, prevention,  
public health programming, vulnerability and risk assessment. 
Notably they could be used along with policy-making frame-
works such as the Driving Force-Pressure-State-Exposure- 
Effect-Action (DPSSEA) framework widely used in European  
and international health assessments.

In an attempt to move those issues forward, we provide in  
Box 2 a number of recommendations towards various  
stakeholders in climate, environment and health research. 
They are meant to help conceptualize and design research as  
systems where the social environment is assessed and consid-
ered as part of any research project or intervention address-
ing climate change & health. Furthermore, we recommend that  
national research bodies design plans and set programs to  
develop cross-disciplinary integrated platforms for secure 
data access and analysis that provide data spaces where both  
health data and social data can be accessed, linked, used and 
analyzed safely by researchers. Some countries have started to  
develop infrastructures to facilitate the matching of health 
databases with other sources like cohorts and administrative 
data such as at the regional level in the Western Cape, South  
Africa43; others start providing complex computer and statistical 
programs and algorithms to analyze large volumes of information 
[E.g., https://www.health-data-hub.fr/]. Such initiatives must be 
supported and developed in a sustainable way.

Box 2. Recommendations to stakeholders in climate & 
health research to better consider social data into research 
& intervention

➣    To Researchers :
▪      Leverage holistic frameworks (such as One Health, 
Planetary Health or EcoHealth) where social determinants are a 
key feature, to guide the projects design and studies examining 
health in the context of climate change
▪      Use a systematic methodology to investigate at best social 
determinants potentially in relation with health and climate, 
as an environmental risk. A set of recommendations has been 
provided by Neufcourt et al.38

▪      Use linked datasets across social, administrative, 
environmental and health sources where possible, thereby 
limiting selection bias, attrition and loss to follow-up which 
are difficult to manage in ad-hoc studies and adversely affect 
the inclusion of disadvantaged or vulnerable populations in 
analyses over time
➣    To Health practitioners:
▪      Use holistic frameworks such as those described in this 
paper as part of a global system thinking analysis to help design 
adapted interventions
▪      Systematically consider the living conditions of the target 
populations as part of a social risk assessment ahead of 
designing interventions

➣    To Research institutions and funding agencies:
▪      Actively promote sustainable health equity as a 
fundamental ethical principle that guides research policies and 
funding44

▪      Decrease funding projects that do not prioritize sustainable 
health equity
▪      Call for more and strengthen the funding of global 
multidisciplinary holistic by design projects, in order to facilitate 
the connection of fields otherwise siloed
▪      Provide secure spaces to centralise multi-sources & multi-
disciplinary data relevant for social epidemiology at relevant 
levels (local, national, European, regional…)
▪      Support a better visibility of health & social data: more 
catalog-like and integrated platforms
▪      Simplify health & social data access processes (rules & 
practicalities)
▪      Make all climate model data, observations, and the software 
used for processing open, free and easily available to all users, 
through international agreements
➣    To publishers, funders, Research institutions:  
Promote & facilitate open data
▪      Provide dedicated human and material support, i.e. steward 
/ managers to help with data access and pre-processing; tools 
to assist access & use
▪      Provide training for students and all staff for data 
vocabulary and format standards/ storage/ legal issues, data 
science
▪      Provide recognition mechanisms to foster open science in 
general (ongoing work, Research Data Alliance - SHARC interest 
group)
▪      Require easy access to all data associated with the papers 
they publish or the work they fund
▪      Guide authors towards trustworthy repositories where to 
deposit data
▪      Guide authors with regards to how to make their data FAIR 
(Findable, Accessible Interoperable, Reusable)45

Limitations
This work was intentionally limited to three main holistic  
approaches of health because they offer the broadest framework 
to study environmental changes, including social ones, and as  
such, provided an overview of research committed to address  
climate change and the social determinants of health. Never-
theless, we are much aware that a substantial body of research 
has been carried out on the effects of climate change on health  
without explicitly referring to holistic approaches, including 
work on extreme heat in various contexts done by projects such 
as CHAMNHA, HEATCOST, CLIM-App, EXHAUSTION,  
and HEAT-SHIELD, and such papers were not included in our 
review.

The key large international reports from IPCC (2022) and  
WHO (2008, 2023) which were not present in the source  
databases (PubMed and Web of Sciences) were not included 
in the quantitative analysis, although they may have contained  
useful articles. Nevertheless, we included these sources in the 
discussion of results. Finally, we did not consider works that  
were not published in either English or French due to language 
constraints in the review team. Only a few such papers were  
identified, although they might be very relevant.
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Furthermore, we have not included commercial determinants 
of health in the bibliographic search string related to social 
components despite their important role in climate change  
and social inequalities.

Conclusions
In conclusion, holistic approaches to health such as One  
Health, EcoHealth or Planetary Health are frameworks well  
suited to investigate climate change and social determinants of 
health. However, our literature analysis highlighted that there 
was limited research using or referring to these approaches  
to study social determinants as the main variables of interest;  
individual social determinants were mostly absent or under-
represented in these studies. Hence, subsequent decision mak-
ing and actions cannot adequately consider the social effects 
that drive climate change impacts on health and exacerbate cli-
mate change itself, leading too often to unsustainable or unfair  
solutions that may maintain the status quo.

We believe the reasons for these gaps are two-fold: first,  
climate change impacts on health outcomes in a very complex 
manner, where inter-dependent relations can lead to negative  
uncontrolled feedback loops. This complexity makes it diffi-
cult to design comprehensive studies. Thinking tools can help  
organize concepts, ideas and relationships to better integrate 
and comprehensively understand the inter-dependencies at play  
thereby enabling adequate analysis for appropriate actions. 
We provide such tools here including a pathway diagram and  
a knowledge framework where social determinants are embed-
ded in climate change impacts at three different actionable  
levels (micro, meso and macro levels), themselves driven 
by specific processes or resulting from different governance  
systems. Second, social data are difficult to measure, find or  
obtain, while health data are difficult to share and climate 
model data harder to reuse. Global effort is urgently needed to  

collectively organize and solve these hurdles. Transformative 
solutions to halt the effects of climate dysregulation and  
preserve the health of our planet and of its inhabitants will 
fail unless social inequalities are addressed as an integral part  
of the climate change reversal roadmap4. Our findings are by 
no means exhaustive, but offer an overview of these important  
challenges for climate science and public health.
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the paper for publication as a positive contribution to the field, helping to shed light on the 
complexities of considering social dimensions within ecologically-framed analyses of the linkages 
between climate change and health.  
 
I have no substantial further comments, other than two things I would like to see addressed in the 
Introduction (which is key because it sets the orientation of the piece): 
 
1) Define/introduce the term 'dysregulation' more informatively, and also any critiques of the 
term. To me, it is not a well-known term as used in the context of climate change. 
  
2) Please be careful in the phrasing of this sentence in the second paragraph, starting 'Climate 
change has adversely impacted....'.  because I feel the wording gives the impression that climate 
change is solely responsible for these environmental risk-related impacts on health. Of course, it is 
not - e.g. as noted in the opening sentence, extreme weather events will exist regardless of 
climate change's exacerbating effect on their frequency, magnitude or distribution. The authors 
know this, but referring again to the contributory or amplifying effect of CC in this sentence would 
be wise, I feel.
 
Is the topic of the review discussed comprehensively in the context of the current 
literature?
Yes

Are all factual statements correct and adequately supported by citations?
Yes

Is the review written in accessible language?
Yes

Are the conclusions drawn appropriate in the context of the current research literature?
Yes

Competing Interests: No competing interests were disclosed.
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Reviewer Expertise: Climate change, disaster risk, health, vulnerability and adaptation

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard.

Author Response 08 Jan 2025
Laurence Mabile 

Many thanks for your encouraging remarks and relevant suggestions that help us to be 
more accurate.  
 
From Reviewer 3: 
I have no substantial further comments, other than two things I would like to see addressed 
in the Introduction (which is key because it sets the orientation of the piece): 
1) Define/introduce the term 'dysregulation' more informatively, and also any critiques of 
the term. To me, it is not a well-known term as used in the context of climate change. 
Author Response: Climate dysregulations are meant as climate changes induced by human 
activity that per se disturb the natural phenomena and amplify extreme responses. This is 
now specified in the corresponding sentence (Introduction, paragraph 1, line 4). 
  
2) Please be careful in the phrasing of this sentence in the second paragraph, starting 
'Climate change has adversely impacted....'.  because I feel the wording gives the 
impression that climate change is solely responsible for these environmental risk-related 
impacts on health. Of course, it is not - e.g. as noted in the opening sentence, extreme 
weather events will exist regardless of climate change's exacerbating effect on their 
frequency, magnitude or distribution. The authors know this, but referring again to the 
contributory or amplifying effect of CC in this sentence would be wise, I feel. 
Author Response: The phrasing has been modified as follows: "Climate change has 
contributed to adversely impact health in many ways..." (Introduction, paragraph 2, line 3).  

Competing Interests: No competing interests were disclosed.

Version 1

Reviewer Report 29 August 2024

https://doi.org/10.21956/openreseurope.18943.r43192

© 2024 Hiscock R. This is an open access peer review report distributed under the terms of the Creative 
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.
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University of Bath, Bath, England, UK 

This paper looks at how previous research using holistic models has linked worsening 
socioeconomic inequalities in health to climate change. 
The article is a big overview but at times is too non specific 
Box2 the list of problems with getting data was useful. 
The paper needs to talk more about holistic theories and introduce systems theory – concepts 
from which explain why holistic theories are important.  The paper could make more of negative 
feedback loop of climate change leading to more inequality which then leads to more climate 
change 
The paper needs to conceptualies socioeconomic position more precisely.  Socioeconomic position 
is income and wealth, occupation, education.  Ethnicity and gender are not socioeconomic 
position.  They are demographic characteristics which can predispose towards lower 
socioeconomic position.  Then there are conditions associated with low socioeconomic position eg 
poor condition insecure housing, fewer consumer goods including cars.  SOMETIMES low 
socioeconomic position is associated with poor access to healthy food, transport, internet, 
education however in other cases poor people live in central cities with good access.  
 People who can’t afford to eat won’t be able to afford more climate friendly options or 
alternatively are more environmentally friendly because they can’t afford as much meat or air-
freighted vegetables flown in from great distance.  Then there are cultural attitudes where low 
socioeconomic position might not see being climate aware as for them or they can’t socialise with 
their peers if they refuse to eat fast food McDonalds etc – peer support may be more important 
for low socioeconomic position in order to get by. 
In figure 1 and 2 there appear to be wider social determinants than just socioeconomic or 
sociodemographic inequality eg pets 
Also  inequalities between high income and low and middle income countries globally could be 
emphasised for a global approach.  
 
There also appeared to be confusion between climate change, climate change adaption, climate 
change  mitigation and collateral damage from climate change policies 
 
I think the paper could do with a box with examples of empirical studies which showed

Climate change leads to worse inequality1. 
Climate change mitigation/adapaption policies lead to worse inequality2. 
Inequality leads to worse climate change3. 

For each of these the main concepts of climate change inequality and linking concepts (eg health 
professional expertise) should be detailed 
 
 
Intro para 3 “Social position also affects”  might be better as “social position may be associated 
with poor health outcomes because it is linked to” 
 
Intro para 4 
“mudslides or close to waste sites, roads and factories” why is this linked to climate change? 
“typical daily tasks imposed by social norms, or some workers whose occupational location and 
activities, or populations living in poor quality housing or with comorbidities; and a decreased 
ability to cope with stressful events or to prevent or recover from physical and material damages 
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(due to systematic resource-constraints such as lack of private resources, of insurance contracts, 
of access to public resources and services…)”  Again these are not themselves linked to climate 
change. 
“susceptibility of some population groups such as women” you are conflating socioeconomics with 
demographics here.  You need to say some demographic groups are overrepresented in 
proportion in low socioeconomic position such as women and some ethnicities in the previous 
paragraph to set this up. 
“These driving forces can lead to property loss, reduced livelihoods, residential relocation, and 
other climate-related crises (infrastructure damages limiting access to healthcare, food insecurity, 
forced migration, war…)”  I think you need a section on what climate related crises are before you 
link to low social position 
“some economic contexts” what contexts – are they common, are they likely to persist? 
“ As poverty and social injustice”  I think this is a new paragraph which needs to be started with 
“Climate change is likely to exacerbate inequality” 
 
“falling” change to “expected to fall”.  Define extreme poverty 
 
“Therefore, it is critical to understand the global picture when to design adequate actions, not to 
imbalance the system or generate deleterious effects in other places.” 
This conclusion does not follow from what you have written.  You would need to add info about 
poverty being in many different places globally and a bit about systems theory in order to 
understand why an action in one place might affect somewhere else and why they might not also 
be positive. 
Intro para 5 “As well as their own vulnerability to the effects of climate change, the most socially 
disadvantaged are also disproportionately burdened by new and often regressive policies which 
are set in place to foster behavioral or cultural changes” you need to reword to say that some 
climate change policies to foster behavioral or cultural changes can have regressive impacts 
“As such, understanding and identifying the social patterning of the human health and wellbeing 
consequences of climate dysregulation and ecosystem disruption are key if we are to avail 
ourselves of actionable, reliable research and policy priorities14. “  This sentence does not follow 
from the previous sentence– this sentence is about the impact of climate change whereas the 
previous sentences were about impacts of policies to combat climate change. 
 
Intro 1 para 6 Can you say what the differences between the 3 approaches are 
 
Climate change, social environment & health within holistic frameworks: insights from the 
literature analysis 
Para 1 ‘infiltrating’ sounds like an enemy invading. 
Might be good to include here if you searched databases eg pubmed 
I would say this paragraph is a methods not a discussion section – the following paragraphs are 
results not a discussion 
Figure 1 gender and ethnicity are not themselves socioeconomic status – they are demographic 
behavours where some subgroups are overrepresented in low socioeconomic position.  
 
Figure 2 appears to have lost sight of the concept of socioeconomic status.  It appears to confuse 
being low socioeconomic status and behaviours that go with it (eating habits) and living conditions 
(housing) and values (education) 
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Limitations 
You need to set up better in the introduction what holistic approaches are and why you think they 
are most useful. 
 
You also need to include in the limitations that you have not included commercial determinants of 
health which impact climate change and social inequalities  and government power to reduce 
inequalities and climate change  eg https://gh.bmj.com/content/8/11/e013698 
https://gh.bmj.com/content/8/11/e013698.abstract 
https://blogs.bath.ac.uk/tcrg/2023/04/06/why-cdoh-matters/ 
 
Is the topic of the review discussed comprehensively in the context of the current 
literature?
Partly

Are all factual statements correct and adequately supported by citations?
Partly

Is the review written in accessible language?
Yes

Are the conclusions drawn appropriate in the context of the current research literature?
Partly

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: health inequalities, commercial determinants of health, climate change, 
tobacco supply chain

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to state that I do not consider it to be of an acceptable scientific standard, for 
reasons outlined above.

Author Response 14 Nov 2024
Laurence Mabile 

Authors point-by-point responses to Reviewer 2: 
First, many thanks for your scrutiny and all your valuable comments. Please find our point 
by point responses below. Accordingly, we have integrated in the revised version 2 as many 
relevant changes as possible given the wordcount constraint.   
 
Reviewer comments: This paper looks at how previous research using holistic models has 
linked worsening socioeconomic inequalities in health to climate change. The article is a big 
overview but at times is too non specific 
Authors Response: As this first statement has generated a number of comments, we would 
like to clarify from the start that our work did not focus specifically on socio-economic 
inequalities but more broadly on the social environment that affects health, as stated in the 
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title of our manuscript and specified in the first paragraph of our Discussion section, i.e. 
“Among articles which simultaneously included i) the term “climate change”, ii) one of the 
holistic above-mentioned frameworks (OH, EcoH or PH) and iii) at least one term related to 
the broadly-defined social environment - i.e. related to any social organization, process, 
norm, habits, and characteristics possibly affecting health (directly or indirectly) including 
lifestyle behaviors -, we first found… ».  Accordingly the keywords string we used for the 
bibliographic database search included socio-economic components such as income, 
occupation and education but also age, gender, ethnicity, living conditions, nutrition and 
others at the macro level. The complete string is available at [https://osf.io/bjsua]. We have 
now clarified this information in the Data availability section. 
 
Reviewer comments: Box2 the list of problems with getting data was useful. 
Authors Response: Thank you for your encouragements. 
 
Reviewer comments: The paper needs to talk more about holistic theories and introduce 
systems theory – concepts from which explain why holistic theories are important.  
Authors Response: The following sentences have been added in Introduction, ahead of the 
description of holistic models (paragraph 6):   “Given the complexity of the climate and 
health challenges that span various knowledge disciplines, necessitating multi-level 
analyses and the involvement of diverse sectoral actors, the importance of systems thinking 
has emerged. Unlike traditional statistical analysis, which tends to isolate individual 
components of study, systems thinking views these components as a complex whole made 
up of interrelated and interdependent parts (ref  URLs: 
https://dx.doi.org/10.4135/9781529730739; https://doi.org/10.1093/heapol/czs088; 
https://doi.org/10.1007/978-3-319-00104-3_3). This shift has led to the rise of holistic health 
approaches over the past decade, including EcoHealth, One Health, and more recently, 
Planetary Health…”   
 
Reviewer comments: The paper could make more of negative feedback loop of climate 
change leading to more inequality which then leads to more climate change. 
Authors Response: We tackled those points in Introduction. However, results from the 
scoping review did not bring about such feedback elements driving us to discuss other 
aspects. 
 
Reviewer comments: The paper needs to conceptualies socioeconomic position more 
precisely.  Socioeconomic position is income and wealth, occupation, education.  Ethnicity 
and gender are not socioeconomic position.  They are demographic characteristics which 
can predispose towards lower socioeconomic position.  Then there are conditions 
associated with low socioeconomic position eg poor condition insecure housing, fewer 
consumer goods including cars.  SOMETIMES low socioeconomic position is associated with 
poor access to healthy food, transport, internet, education however in other cases poor 
people live in central cities with good access.  
 People who can’t afford to eat won’t be able to afford more climate friendly options or 
alternatively are more environmentally friendly because they can’t afford as much meat or 
air-freighted vegetables flown in from great distance.  Then there are cultural attitudes 
where low socioeconomic position might not see being climate aware as for them or they 
can’t socialize with their peers if they refuse to eat fast food McDonalds etc. – peer support 
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may be more important for low socioeconomic position in order to get by. 
In figure 1 and 2 there appear to be wider social determinants than just socioeconomic or 
sociodemographic inequality eg pets 
Authors Response: Although the perspective of our work was not to focus specifically on 
socio-economic factors, we agree that some parts of the text might have been confusing. 
This has been clarified in paragraph 3 by adding the following text: “as for socio-economic 
factors, the poorest people have the highest levels of morbidity and premature mortality” 
“Social position includes social components such as age, gender and ethnicity, and thereby 
thereby may be associated with poor health outcomes because of its relationship with other 
determinants of health,…” The WHO conceptual Framework for Action on the Social 
Determinants of Health has been added as a reference at the end of the paragraph: Solar et 
al. 2010 - 
https://iris.who.int/bitstream/handle/10665/44489/9789241500852_eng.pdf?sequence=1 
 
Reviewer comments: Also inequalities between high income and low and middle income 
countries globally could be emphasized for a global approach.  
Authors Response: The following sentence has been added to the section related to systems 
thinking, paragraph 7 of introduction: “Specifically, these frameworks are well suited to 
tackle inequalities between high and low and middle income countries” 
 
Reviewer comments: There also appeared to be confusion between climate change, climate 
change adaption, climate change  mitigation and collateral damage from climate change 
policies 
Authors Response: In our work, the term climate change referred to meteorological factors 
and sometimes to related extreme events. When referring to adaptation or mitigation, this 
was specified. 
 
Reviewer comments: I think the paper could do with a box with examples of empirical 
studies which showed

Climate change leads to worse inequality1. 
Climate change mitigation/adaptation policies lead to worse inequality2. 
Inequality leads to worse climate change3. 

For each of these the main concepts of climate change inequality and linking concepts (eg 
health professional expertise) should be detailed 
Authors Response: As highlighted by our work, social factors are investigated empirically 
only in a minor fraction of studies addressing the relation between climate and health in 
holistic frameworks. None of the factors related to individual characteristics (gender, 
ethnicity, education) or to household assets (including occupation tenure and socio-
economic items) were addressed as an exposure or outcome which makes it impossible to 
provide the requested table. Some examples of empirical studies are detailed in 
supplementary material (https://osf.io/6t3j7). However, we agree that your three suggested 
points would gain from being more emphasized in introduction. Accordingly, we have 
added the following references (& text) in the indicated sections of Introduction :

Climate change leads to worse inequality:1. 
Text added in paragraph 4 : « Additionally, climate changes can worsen income or 
occupation inequality and may even create a feedback loop with it « (Malam et al. 2017: 
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https://doi.org/10.1504/IJESD.2017.080848; Ogbeide-Osaretin et al; 2022: 
https://doi.org/10.32479/ijeep.13556; Fitzgerald et al. 2022: 
https://doi.org/10.1016/j.erss.2021.102385) » 
2.Climate change mitigation/adaptation policies lead to worse inequality: References added 
in paragraph 6 : Niiwul et al. 2021: https://doi.org/10.1016/j.jclepro.2020.123393;   Bae et al. 
2018: http://keapaper.kea.ne.kr/RePEc/kea/keappr/KER-20180701-34-2-04.pdf 
3. Inequality leads to worse climate change: References added in paragraph 4: Ogbeide-
Osaretin et al; 2022: https://doi.org/10.32479/ijeep.13556; Yameogo et al. (2020), The effect 
of income inequality and  economic  growth  on  environmental  quality:  A  comparative  
analysis between Burkina Faso and Nigeria. Journal of Public Affairs, 7(2), 148-163.   
 
Reviewer comments: Intro para 3 “Social position also affects” might be better as “social 
position may be associated with poor health outcomes because it is linked to” 
Authors Response: Changes have been made in the text, the sentence is now as follows: 
“Social position includes social components such as age, gender and ethnicity,  and thereby 
may be associated with poor health outcomes because of its relationship with other 
determinants of health, such as…” 
 
Reviewer comments: Intro para 4: 
“mudslides or close to waste sites, roads and factories” why is this linked to climate change? 
Authors Response: These are indirect consequences of climate change. Mudslides are more 
likely to occur following flooding events which are part of the extreme events triggered by 
climate change; Proximity to waste sites increases risk of contamination in case of flooding 
for instance. 
 
Reviewer comments:  “typical daily tasks imposed by social norms, or some workers whose 
occupational location and activities, or populations living in poor quality housing or with 
comorbidities; and a decreased ability to cope with stressful events or to prevent or recover 
from physical and material damages (due to systematic resource-constraints such as lack of 
private resources, of insurance contracts, of access to public resources and services…)”  
Again these are not themselves linked to climate change. 
Authors Response: Climate extreme events are more stressful and impactful to poor 
populations who have been shown to be less resilient, i.e. have a decreased ability to cope 
with, prevent or recover from such events. In other words, as external stressors, climate 
events mean disadvantaged populations are exposed to physiological stress responses, and 
degraded material conditions, both of which are mechanisms driving health inequalities. 
The word climatic has been added as follows: “decreased ability to cope with stressful 
climatic events  
 
Reviewer comments:  “susceptibility of some population groups such as women” you are 
conflating socioeconomics with demographics here.  You need to say some demographic 
groups are overrepresented in proportion in low socioeconomic position such as women 
and some ethnicities in the previous paragraph to set this up. 
Authors Response: Gender & ethnicity may be related to socio-economic status, however 
they are structural systems that are connected to and interact with socio-economic factors. 
They systematically assign roles in society such as for example outdoors daily tasks for 
African women or road works for male immigrants. 

Open Research Europe

 
Page 20 of 28

Open Research Europe 2024, 4:105 Last updated: 16 JAN 2025

https://doi.org/10.1504/IJESD.2017.080848
https://doi.org/10.32479/ijeep.13556
https://www.sciencedirect.com/science/article/abs/pii/S2214629621004734?via%3Dihub
https://doi.org/10.1016/j.jclepro.2020.123393
https://keapaper.kea.ne.kr/RePEc/kea/keappr/KER-20180701-34-2-04.pdf
https://doi.org/10.32479/ijeep.13556


 
Reviewer comments:  “These driving forces can lead to property loss, reduced livelihoods, 
residential relocation, and other climate-related crises (infrastructure damages limiting 
access to healthcare, food insecurity, forced migration, war…)”  I think you need a section on 
what climate related crises are before you link to low social position 
Authors Response: We have provided additional references to climate related crises in the 
following sentence: “These driving forces can lead to property loss, reduced livelihoods, 
residential relocation, and other climate-related crises (infrastructure damages limiting 
access to healthcare, food insecurity, forced migration, war…) further widening inequalities 
(URLs: Markova et al., 2018 -http://www.fao.org/3/I8656EN/i8656en.pdf; Vuong et al. 2024 -
https://doi.org/10.1007/s00267-024-01976-4; Ribot et al, 2023 - 
https://doi.org/10.1093/oxfordhb/9780197618646.013.20, accessed 26 Oct. 2024)”. 
 
Reviewer comments:  “some economic contexts” what contexts – are they common, are they 
likely to persist? 
Authors Response: This has been clarified as follows: “On top of this, social inequalities and 
per capita greenhouse gas emissions are positively correlated in emerging economies…” 
 
Reviewer comments:  “ As poverty and social injustice”  I think this is a new paragraph which 
needs to be started with “Climate change is likely to exacerbate inequality” 
Authors Response: We have modified the paragraph accordingly. 
 
Reviewer comments:  “falling” change to “expected to fall”.  Define extreme poverty 
Authors Response: This has been changed and clarified in the text as follows: “According to 
the World Bank, the estimated number of people expected to fall into extreme poverty (i.e., 
income below the international Poverty line) due to climate change is ranged between 32 
million and 132 million in most scenarios by 2030”. 
 
Reviewer comments:  “Therefore, it is critical to understand the global picture when to 
design adequate actions, not to imbalance the system or generate deleterious effects in 
other places.” 
This conclusion does not follow from what you have written.  You would need to add info 
about poverty being in many different places globally and a bit about systems theory in 
order to understand why an action in one place might affect somewhere else and why they 
might not also be positive. 
Authors Response: The sentence has been modified as follows for more clarification: 
“Therefore, it is critical to understand the global picture to design adequate actions and 
break the devastating loop.” 
 
Reviewer comments: Intro para 5 “As well as their own vulnerability to the effects of climate 
change, the most socially disadvantaged are also disproportionately burdened by new and 
often regressive policies which are set in place to foster behavioral or cultural changes” you 
need to reword to say that some climate change policies to foster behavioral or cultural 
changes can have regressive impacts 
Authors Response: Changes have been made in the text accordingly. The sentence is now: 
“As well as their own vulnerability to the effects of climate change, the most socially 
disadvantaged are also disproportionately burdened by new policies which are set in place 
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to foster behavioral or cultural changes and which can have regressive impacts”. Following, 
two references have been added: Nyiwul 2021: 
https://doi.org/10.1016/j.jclepro.2020.123393 Bae et al. 2018: Impacts of income inequality 
on CO2 emission under different climate change mitigation policies. Korean Econ Rev, 34(2), 
187-211 (2018). 
 
Reviewer comments:  “As such, understanding and identifying the social patterning of the 
human health and wellbeing consequences of climate dysregulation and ecosystem 
disruption are key if we are to avail ourselves of actionable, reliable research and policy 
priorities14. “This sentence does not follow from the previous sentence– this sentence is 
about the impact of climate change whereas the previous sentences were about impacts of 
policies to combat climate change. 
Authors Response: We have clarified the meaning as follows: “As such, understanding and 
identifying the social patterning of the human health and wellbeing consequences of 
climate dysregulation and ecosystem disruption and of ensuing incentives or deterrent 
measures are key if we are to avail ourselves of actionable, reliable research and 
appropriate policy priorities”. 
 
Reviewer comments: Intro 1 para 6 Can you say what the differences between the 3 
approaches are 
Authors Response: The overall differences between the three holistic approaches lie in 
which environmental aspects they most emphasise when framing human health: 
interactions of human with all species within ecosystems as for EcoHealth; interactions 
between animals & human as for One Health; limited resources of the planet as for 
Planetary Health. These differences are already highlighted in paragraph 7 (previously 6). 
 
Reviewer comments: Climate change, social environment & health within holistic 
frameworks: insights from the literature analysis Para 1 ‘infiltrating’ sounds like an enemy 
invading. 
Authors Response:  “Infiltrating” has been changed by “infusing”. 
 
Reviewer comments: Might be good to include here if you searched databases eg pubmed 
Authors Response: This is now specified in the text and detailed in supplementary data as 
mentioned. 
 
Reviewer comments: I would say this paragraph is a methods not a discussion section – the 
following paragraphs are results not a discussion 
Authors Response: We are constrained by the editorial structure of ORE reviews which do 
not include the usual Method and Results section. We have thus detailed the methodology 
as supplementary data on OSF and discussed results and beyond in the Discussion section. 
 
Reviewer comments: Figure 1 gender and ethnicity are not themselves socioeconomic 
status – they are demographic behaviors where some subgroups are overrepresented in 
low socioeconomic position.  
Authors Response: We fully agree. As mentioned earlier, our perspective was to study social 
components in a broad sense (as defined in the text) that includes gender and ethnicity as 
they are structuring factors in building social patterns of health. 
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Reviewer comments: Figure 2 appears to have lost sight of the concept of socioeconomic 
status.  It appears to confuse being low socioeconomic status and behaviors that go with it 
(eating habits) and living conditions (housing) and values (education) 
Authors Response: We have intentionally identified all the social elements (in the broad 
sense defined in our text) that resulted from the scoping review to provide a synthetic 
scheme helping view in one shot all involved elements. This scheme only attempts to 
organise these elements as meaningful levels (micro/meso/macro) of influence and 
interactions with climate change and health but not in a causal way. Socio-economic status 
is related to behaviours, living conditions and education (at the micro-level). This framework 
does not distinguish structuring factors of social inequalities of health such as socio-
economic ones or education from more distal factors like living conditions or behaviors as 
described by Solar O, Irwin A.[ A conceptual framework for action on the social 
determinants of health. WHO Social Determinants of Health Discussion Paper 2 (Policy and 
Practice). 2010 ] 
 
Reviewer comments: Limitations 
You need to set up better in the introduction what holistic approaches are and why you 
think they are most useful. 
Authors Response: We have clarified this at the beginning of paragraph 7 while adding the 
section on systems thinking above mentioned. The text is now: “Given the complexity of the 
climate and health challenges that span various knowledge disciplines, necessitating multi-
level analyses and the involvement of diverse sectoral actors, the importance of systems 
thinking has emerged. Unlike traditional statistical analysis, which tends to isolate individual 
components of study, systems thinking views these components as a complex whole made 
up of interrelated and interdependent parts (Yasobant et al. 2020; Atun, 2012; Koskinen, 
2013 = new refs 27-29. This shift has led to the rise of holistic health approaches over the 
past decade, including EcoHealth, One Health, and more recently, Planetary Health…” 
 
Reviewer comments: You also need to include in the limitations that you have not included 
commercial determinants of health which impact climate change and social inequalities  
and government power to reduce inequalities and climate change  eg 
https://gh.bmj.com/content/8/11/e013698 
https://gh.bmj.com/content/8/11/e013698.abstract 
https://blogs.bath.ac.uk/tcrg/2023/04/06/why-cdoh-matters/ 
Authors Response: We fully agree that commercial determinants are key components of the 
climate change/social inequality/health landscape but we did consider them as economic 
factors rather than social ones. The following sentence was added in the Limitations 
paragraph. “Furthermore, we have not included commercial determinants of health in the 
bibliographic search string related to social components despite their important role in 
climate change and social inequalities.”  

Competing Interests: No competing interests were disclosed.

Reviewer Report 27 August 2024
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Sandrah P Eckel   
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Thank you for the opportunity to provide comments on this review article which is a call to action 
on better integrating the social inequities and societal factors into climate change and health 
research & policy response. The authors conducted a review of the literature at the intersection of 
climate change, holistic frameworks of health and the social environment, summarizing trends 
(and identifying gaps?) with the process diagram in Figure 1. The authors then structure this 
information in the synthetic knowledge framework in Figure 2, and provide a summary of barriers 
to progress in terms of data-related challenges (Box 1) and recommendations for various 
stakeholders (Box 2). The authors are to be commended for tackling such a large and tricky 
problem of how to advance the study of climate and health by integrating the social environment. 
This review will help drive progress, though I do have several comments which may help 
strengthen the contribution. 
Major comments:

It is challenging to operationalize a holistic approach in empirical studies, as shown by only 
20% of the reviewed articles being empirical. The general recommendations for researchers 
in Box 2 are helpful. But it might drive the field forward more quickly to highlight several 
empirical research case studies (e.g., drawn from the 20%), perhaps sharing 
strengths/limitations.

○

The recommendations of Neufcourt et al are mentioned twice, but not described. Please 
add a more context here for the reader.

○

Epidemiological studies are increasingly using causal thinking and directed acyclic graphs 
(DAGs), can the authors provide an example of how to operationalize Fig 1&2 in an epi study 
DAG?

○

As described meso-level processes seem well-suited to ecological analysis of administrative 
data, might be worthwhile to describe this more?

○

Fig 1 – I was surprised to not see wildfires or air pollution in the climate clouds.○

Minor comments: 
Introduction, Paragraph 6, Sentence 1: consider citing a review that compares the 3 holistic 
frameworks of health mentioned, perhaps: Lerner H, Berg C, 2017 [Ref-1] 
Discussion paragraph 1. Reconsider use of the word “significant” since readers may think this 
refers to statistical significance of a hypothesis test 
Fig 1/text – English language - consider using “precipitation” rather than “precipitations” 
Fig 2 – note: with current color choice some words become illegible when printed in black and 
white. 
 
References 
1. Lerner H, Berg C: A Comparison of Three Holistic Approaches to Health: One Health, EcoHealth, 
and Planetary Health.Front Vet Sci. 2017; 4: 163 PubMed Abstract | Publisher Full Text  
 
Is the topic of the review discussed comprehensively in the context of the current 
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literature?
Yes

Are all factual statements correct and adequately supported by citations?
Yes

Is the review written in accessible language?
Yes

Are the conclusions drawn appropriate in the context of the current research literature?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Biostatistics, Environmental Statistics, Air pollution Epidemiology, Climate and 
Health

I confirm that I have read this submission and believe that I have an appropriate level of 
expertise to confirm that it is of an acceptable scientific standard, however I have 
significant reservations, as outlined above.

Author Response 17 Oct 2024
Laurence Mabile 

Reviewer Comments: 
Thank you for the opportunity to provide comments on this review article which is a call to 
action on better integrating the social inequities and societal factors into climate change 
and health research & policy response. The authors conducted a review of the literature at 
the intersection of climate change, holistic frameworks of health and the social 
environment, summarizing trends (and identifying gaps?) with the process diagram in 
Figure 1. 
 
The authors then structure this information in the synthetic knowledge framework in Figure 
2, and provide a summary of barriers to progress in terms of data-related challenges (Box 1) 
and recommendations for various stakeholders (Box 2). 
 
The authors are to be commended for tackling such a large and tricky problem of how to 
advance the study of climate and health by integrating the social environment. This review 
will help drive progress, though I do have several comments which may help strengthen the 
contribution. 
Author Response: Many thanks for your attentive reading and for your constructive 
comments and suggestions. 
 
Reviewer Comments: 
Major comments: It is challenging to operationalize a holistic approach in empirical 
studies, as shown by only 20% of the reviewed articles being empirical. The general 
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recommendations for researchers in Box 2 are helpful. But it might drive the field forward 
more quickly to highlight several empirical research case studies (e.g., drawn from the 20%), 
perhaps sharing strengths/limitations. 
Author Response: We have provided, as a supplementary box, three examples of empirical 
studies that illustrate how integrating social conditions as part of the a holistic view can help 
better understanding complex human-environmental risks leading to health issues. 
 
This box (Box A) is now added to the supplementary material of the manuscript at the OSF 
repository [https://osf.io/6t3j7] and is referred to in the main text at the end of third 
paragraph of the discussion section. 
Further comment: Generally speaking with regards to many infectious disease models, data 
used in such models imply that all people face and pose uniform risks of infection. 
Knowledge about socially differentiated exposure could be more integrated into disease 
modelling efforts to improve the understanding of the heterogeneous dynamics of 
transmission. 
 
Social data could also convey more specific and quantitative information if treated as 
fundamental causes in statistical analyses (i.e. contributive part for each social exposure in a 
causal inference model leading to health issues through contamination or directly).     
 
Reviewer Comments: 
The recommendations of Neufcourt et al are mentioned twice, but not described. Please 
add a more context here for the reader. 
Author Response: We have now added the following sentence at the end of the Discussion 
section headed ‘Climate change, social environment & health within holistic frameworks: 
insights from the literature analysis’:  « A set of methodological recommendations provided 
by Neufcourt et al.18 can help extend research in this direction. 
 
These are meant to be used when designing empirical studies aimed at investigating 
relations between exposome and health outcomes. They highlight questions to ask to make 
the hypothesised relationships more explicit, especially when testing hypotheses: which 
approach to use (agnostic / hypothesis driven / mixed) ; when selecting data, which type of 
social variables to account for (behavioural / material / psychosocial) ; how to treat social 
factors in analyses ; what are the corresponding limitations. »   
 
Reviewer Comments: 
Epidemiological studies are increasingly using causal thinking and directed acyclic graphs 
(DAGs), can the authors provide an example of how to operationalize Fig 1&2 in an epi study 
DAG? 
Author Response: Directed acyclic graphs are causal diagrams where statistical interactions 
between exposures cannot be represented such as the interaction between climate and 
social conditions. The climate/social/health pattern can however be illustrated conceptually 
specifying the exposures, the various variable effects and their direction, and interactions. 
Where we provide a specific example (see Graph A at : https://osf.io/5dc8e] On one side, 
global urban policies (macro-level of environment) determine people ‘s housing conditions. 
Housing (micro-level) in turn can increase mortality through the quality of the building 
which may lead to indoor air pollution or mould spore exposure. 
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On the other side, nature macro-governance such as human activities impacting GHG 
emission (e.g. deforestation) contributes to increasing global temperatures. High 
temperature in turn triggers mortality through hyperthermia. 
 
Meanwhile, housing can be affected by high temperature depending on various 
characteristics (insulating capacities, surrounding vegetal cover…). Interaction between 
both exposures (high temperature x housing) modifies the effect of temperature on 
increasing mortality. 
 
Further, human migration (meso-level) affects conditions of housing and worsens mortality. 
Graph A is referred to, as a supplementary file, in the main text at the end of the Discussion 
section named Framing and structuring the complexity.   
 
Reviewer Comments: 
As described meso-level processes seem well-suited to ecological analysis of administrative 
data, might be worthwhile to describe this more?   
Author Response: Many thanks for pointing this out. Indeed, while working with 
administrative data we are more likely to have access to meso and micro data. Analysing 
macro exposures is rather relevant for inter-country comparisons. We have now specified 
this in the text (at the end of the paragraph named Framing and structuring the complexity).   
 
Reviewer Comments: 
Fig 1 – I was surprised to not see wildfires or air pollution in the climate clouds. 
Author Response: Figure 1 provides a synthesis of the 80 empirical papers identified from 
our literature review on the basis of the keywords string that did not specifically include the 
term ‘wildfires’ as they were considered as consequences of climate change. 
 
Further, each box of Figure 1 (all except purple ones) specifies the number of articles 
mentioning the social element identified. Wildfires and pollution did not come out from the 
analysis in any of the 80 articles. 
 
However, as part of the theoretical pathways that were specified as purple hexagon boxes 
in Fig.1 -the most likely to link the social components to health outcomes (based on the 
literature)-, pollution was implicitly considered as ‘food & water safety/quality’. 
 
The following sentence has now been added in the discussion section of the manuscript : ‘It 
can be noted that ‘pollution’ did not emerge from the analysis. (at the end of second 
paragraph of section named Visualizing the challenging entanglement of social components in 
climate & health   
 
Reviewer Comments: 
Minor comments: 
Introduction, Paragraph 6, Sentence 1: consider citing a review that compares the 3 holistic 
frameworks of health mentioned, perhaps: Lerner H, Berg C, 2017 [Ref-1] 
Author Response: We agree this reference describes well the commonalities and differences 
between the three approaches. It has now been added where mentioned. 
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Reviewer Comments: 
Discussion paragraph 1. Reconsider use of the word “significant” since readers may think 
this refers to statistical significance of a hypothesis test 
Author Response: The word «significant » has now been replaced by « noteworthy». 
 
Reviewer Comments: 
Fig 1/text – English language - consider using “precipitation” rather than “precipitations” 
Author Response: The ‘s’ has now been removed in Figure 1. 
 
Reviewer Comments: 
Fig 2 – note: with current color choice some words become illegible when printed in black 
and white. 
Author Response: We are aware and sorry for this. We have not found any other ways to 
integrate all dimensions than using many colors…  

Competing Interests: No competing interests were disclosed.
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