
OPEN ACCESS

ll
Commentary

Sustainable transformations for healthcare systems in a
changing climate
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Climate extremes are unprecedented straining healthcare systems and intensifying pre-existing issues. This
commentary addresses lack of (1) knowledge on unintended health consequences of adaptation actions, (2)
interdisciplinary research frameworks, and (3) forward-looking, context-based scenarios. Collaboration
across natural, medical, and social sciences can facilitate shifts toward more sustainable and equitable
healthcare.
Introduction
Extreme climate events such as heat-

waves and hurricanes place unprece-

dented strains on healthcare systems

and access to care globally.1 They height-

en the demand for healthcare services,

disrupt ongoing care, and force realloca-

tion of resources away from healthcare

to support post-event recovery. For

instance, in 2012, 10 climate-related

events (e.g., Hurricane Sandy and the

July heatwave in Wisconsin) in the US

caused $10 billion in healthcare costs

due to increased healthcare utilization.2

Another prominent example is the floods

in Pakistan in 2022. Around 1,000 health

facilities were damaged, leaving 650,000

pregnant women in the affected areas

without access to antenatal and delivery

services, and 4% of the country’s gross

domestic product (GDP) was reallocated

to the post-recovery efforts.3 Moreover,

extreme climate events have complex

and multifaceted impacts on health-

related sectors. First, their impacts are

not only direct, such as increased health-
This is an open ac
care utilization or disruptions, but also in-

direct, affecting wider determinants of

health such as food and water security.

Second, climate-related displacement

can lead to increased health vulnerabil-

ities among displaced populations, who

frequently face limited access to health-

care services. Third, impacts of climate

extremes are unevenly distributed across

regions and social groups, leading to

cascading health inequalities. Particu-

larly, lower-income populations and

marginalized social groups are often

more exposed and vulnerable to the

adverse effects of climate extremes and

less able to cope with the additional

burden of climate-induced adverse health

outcomes.4

Impacts of climate extremes com-

pound existing challenges in healthcare

systems.5 In 2021, universal health

coverage significantly declined from pre-

pandemic levels, with approximately 4.5

billion individuals lacking access to

essential healthcare services globally.6

In high-income countries, an aging popu-
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lation and rising non-communicable

diseases are also challenging healthcare

sustainability. For example, EU health-

care spending increased from 5.9%

GDP in 1995 to 8.1% in 2021,7 with costs

expected to increase further unless

extensive cost-effective measures are

implemented.6 The development of inno-

vative treatments often leads to stringent

protocols, potentially limiting access

and favoring those who can afford out-

of-pocket expenses over those reliant

on welfare systems. The COVID-19

pandemic highlighted how pre-existing

inequalities shape uneven access to

health and associated outcomes for

different social groups in periods of emer-

gency (see for instance Laster Pirtle and

Wright8). Healthcare systems are failing

to meet the increasing demands gener-

ated by these interconnected stressors.5

These concomitant challenges high-

light the urgency of a holistic approach

to reforming healthcare systems, with a

specific focus on understanding and ad-

dressing the impacts of climate extremes.
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Figure 1. Sustainable transformations for healthcare systems in a changing climate
Scholars across medical, social and natural science can contribute to address this challenge developing (1) sustainable adaptation actions, (2) interdisciplinary
research frameworks, and (3) context-based future scenarios.
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As climate extremes become more

frequent and intense, a policy paradigm

rooted in social justice and inclusive

adaptation is indispensable to ensure

sustainability of and equitable access to

healthcare. This is essential to foster sus-

tainable policy transformations and re-

quires systems-level changes in the insti-

tutional, political, economic, and cultural

domains. In this commentary, we recog-

nize three main challenges toward this

shift that can be addressed by scholars

across the natural, medical, and social

sciences (summarized in Figure 1).

Lack of knowledge on unintended
health consequences of adaptation
actions
Healthcare systems need to be robust

and resilient to multiple stressors,

including climate extremes. However,

climate adaptation actions often build on

inadequate knowledge of the complex

interplay among multiple natural and hu-

man systems. Societal responses to

major climate events may thus lead to un-

intended consequences, such as the

reduced access to certain types of health-

care, and thereby magnify social vulnera-

bilities. A prominent example of unin-

tended consequence results from the

extensive use of air conditioning (A/C)

during a heatwave, which can exacerbate
2 Cell Reports Sustainability 1, March 22, 202
the urban heat island effect. This, in turn,

increases the exposure to extreme tem-

peratures of those who cannot afford

A/C, potentially straining healthcare ser-

vices in some areas. Additionally, the

high demand for electricity can lead to po-

wer blackouts, forcing emergency sys-

tems and healthcare infrastructure to

rely on generators.9

Unintended consequences extend

beyond immediate climatic events. For

example, there is limited literature on

cascading effects of climate extremes on

specialized care highlights potentially ma-

jor impacts (e.g., Philipsborn et al.10) and

large post-extreme event mortality asso-

ciatedwith deteriorating control of chronic

noncommunicable diseases, notably for

hurricanes.11 Six months after Hurricane

Katrina (Louisiana, USA), elective care fa-

cilities were still not in place and the cost

for acute care was only partially covered

by Centers for Medicare and Medicaid

Services.12 Other studies underscore the

potentially large vulnerability of elective

surgery to the occurrence of extreme

events or natural hazards: hospitals in

affected areas may face infrastructure

disruption and personnel shortage and

need to prioritize acute surgical and

anaesthesiological needs in response to

the event itself.13,14 Next to this, recovery

costs fromextreme events can strain bud-
4

gets, reducing funds for prevention1 and

further exacerbating the negative health

impacts of future extreme events.

Addressing the challenges

Sustainable adaptation pathways depend

upon the development of long-term stra-

tegies that enhance inclusive adaptation

and minimize unintended detrimental im-

pacts on health and healthcare systems.

Complex systems models can contribute

to unraveling the complex dynamics be-

tween physical and social systems, and

thus enhance our understanding of how

long-term adaptation actions for climate

extremes impact multiple societal dimen-

sions.15 System dynamics and agent-

based models can be used to mathemat-

ically represent the causal interplays

between society, climate extremes, and

adaptation actions for healthcare sys-

tems. This will contribute to the compre-

hension of how factors such as the

severity of climate extremes, socio-eco-

nomic inequalities, uncertainty in climate

projections, and the diverse interests of

various stakeholders could negatively

affect healthcare if unsustainable adapta-

tion actions are implemented.

Lack of targeted interdisciplinary
research frameworks
Adapting healthcare systems to future

climate extremes requires a socio-climatic
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understanding of future impacts of climate

extremes. Currently, however, analyses

are entrenched in disciplinary boundaries.

A case in point is Fouillet at al.,16 which

used data from the 2003 heatwave in

France to estimate the impact of the 2006

heatwave in the same country, predicting

6,458deaths. This numberwas remarkably

larger than the observed 2,062 deaths, as

models did not account for the implemen-

tation of a national early warning system

following the 2003 event. This discrepancy

shows how societies can adapt through

increased awareness and policy changes

andhighlights the limitationsofsiloeddisci-

plinary analyses in understanding the

health impacts of climate extremes in a

changing climate. Public health re-

searchers and epidemiologists need to

workcloser togetherwithnatural andsocial

science scholars to tackle the complex

nexus among impacts of climate extremes,

sustainable health care systems, and soci-

etal processes.

Addressing the challenges

Recognizing that our systems are com-

plex and change over time is essential

to understand the ongoing macro-

level adaptations and behavioral modifi-

cations that occur in response to

climate extremes. Only an interdisci-

plinary approach that transcends tradi-

tional siloed methods can enable the

development of comprehensive public

health interventions, community support

systems, and policy measures that meet

the diverse and complex needs emerging

from climate extremes. We call for

research that not only spans across

various disciplines but also actively inte-

grates insights from medical sciences,

climate science, and social sciences to

examine how context-specific factors

including cultural norms economic and

policy visions and social textures shape

access to healthcare systems in different

geographical contexts. This collaborative

effort is necessary to develop a compre-

hensive understanding of themultifaceted

impacts of climate change on and un-

equal access to healthcare systems.

Lack of context-based future
scenarios
Building healthcare systems that are

resilient to the societal and health conse-

quences of future, possibly unprece-

dented, climate extremes requires
context-specific, actionable climate infor-

mation. Historically, public health and

epidemiology research has leaned heavily

on retrospective analyses. This approach

can fall short in preparing for unprece-

dented extreme events. The COVID-19

pandemic has been a prominent example

of thecritical importanceofmodeling future

health scenarios. Additionally, much of the

available information from climate change

research takes the form of climate sce-

narios focusing on large-scale analyses

(national to global) and encompassing

model and socioeconomic pathway uncer-

tainty. The available information is thus

extensive, but hard to utilize by non-spe-

cialists as knowledge basis for concrete

actions at local to regional scales.

Addressing the challenges

A potential approach to bridge this gap

and provide actionable knowledge is to

develop context-specific storylines: a

non-probabilistic approach that delin-

eates plausible future scenarios, without

assigning a probability to them.17

The information from climate scenarios

is used qualitatively to identify possible

future extremes and relate them to local

impacts. Yet, the traditional storyline

approach overlooks socio-political drivers

of adaptation, including the role of power,

differential agency, and economic inequal-

ities in shaping the genesis and outcomes

of climate extremes.18 We thus propose a

new type of storyline that incorporates an

understanding of the institutional, political,

economic, and cultural context of the

healthcare system at the location of inter-

est. In order to make the narrative robust,

one can rely on an analysis of past climate

extremes and responses at the location of

interest for specific climate extremes

(e.g., floods, hurricane, drought) and addi-

tionally draw insights from the impacts of

and responses toclimate extremesatother

comparable locations.Aconcreteexample

could be building a storyline for the health-

care consequences of a future, unprece-

dented heatwave in southern Sweden.

Sweden, like much of the northern midlati-

tudes, is expected to experience a faster-

than-global-average temperature rise and

a significant increase in the duration and

extent of future heatwaves.19 Therefore, it

is reasonable to expect that, in the coming

decades, southern Sweden may experi-

ence heatwaves far exceeding the current

temperature record of just above 36�C.
Cell
Past heatwaves in Sweden have not been

sufficiently intense enough to strain the

healthcaresystem, yet examples fromcon-

tinental Europe—notably the summers of

2003 and 2022—show the pressure that

unprecedented temperatures can place

on healthcare. Moreover, the COVID-19

pandemichashighlighted that theSwedish

healthcare system struggles to rapidly

expandhospital capacity in the faceof sud-

den and unexpected public health threats.

This limitation amplifies inequalities in ac-

cess to health and leads to extensive

cancellation of specialized healthcare due

to lack of staff, material, and medica-

tions.20 Based on this, a detailed storyline

could be built around a future heatwave

reaching around 40�C, leading to large

excess mortality among the elderly and

those with chronic health conditions, while

placing extreme strain on emergency

health servicesandhospitals. A key advan-

tage of the storyline approach is that it can

be flexibly adapted to different categories

of climate extremes, including those that

are difficult to capture in numericalmodels,

such as rain-driven flooding. Moreover,

storylines can be adapted to account for

the compounding of different climatic haz-

ards or the compounding of climate-

related impacts with other societal or

environmental stressors. The storyline

approach thus has the potential to provide

impact-focused understandings of future

climate impacts on healthcare systems at

a given location.
Conclusions
The sustainable adaptation of healthcare

systems to climate change is a complex,

urgent task requiring a multifaceted

approach. This commentary calls on

scholars to enhance knowledge, foster

interdisciplinary collaborations, and

develop context-specific future sce-

narios. Such an effort will not only

contribute to addressing the immediate

challenges posed by climate extremes to

healthcare systems but will also ensure

long-term resilience and equitable access

to healthcare for all, especially the most

vulnerable sectors of the population.

ACKNOWLEDGMENTS

This work was supported by Swedish Research

Council VR (2022-06599), Swedish Research

Council FORMAS (2023-01774), and Karolinska
Reports Sustainability 1, March 22, 2024 3



ll
OPEN ACCESS Commentary
Institutet, Junior Investigator Award for projects at

Karolinska Institutet aimed at achieving the UN

sustainable development goals (KI 2022-00017).

This work was also supported by core funding

from the: British Heart Foundation (RG/18/13/

33946) and NIHRCambridge Biomedical Research

Centre (BRC-1215-20014; NIHR203312). The

views expressed are those of the authors and not

necessarily those of the NIHR or the Department

of Health and Social Care. E.R. was supported by

Swedish Research Council FORTE (2022-00882)

and S.D. by RJ (M21-0002) and Swedish Research

Council VR (2022-00183).

DECLARATION OF INTERESTS

E.R. is member of Cell Reports Sustainability’s

advisory board.

REFERENCES

1. Romanello, M., Di Napoli, C., Drummond, P.,

Green, C., Kennard, H., Lampard, P., Scam-

man, D., Arnell, N., Ayeb-Karlsson, S., Ford,

L.B., et al. (2022). The 2022 report of the Lan-

cet Countdown on health and climate change:

health at the mercy of fossil fuels. Lancet. 400,

1619–1654.

2. Limaye, V.S., Max, W., Constible, J., and

Knowlton, K. (2012). Estimating the health-

related costs of 10 climate-sensitive US events

during. Geohealth 3, 245–265.

3. United Nations Population Fund Pakistan UN-

FPA. 2022. Available from: https://pakistan.

unfpa.org/en/news/women-and-girls-bearing-

brunt-pakistan-monsoon-floods.

4. IPCC (2023). AR6 Synthesis Report Climate

Change. Section 3.1. Genève.
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Köer.

http://refhub.elsevier.com/S2949-7906(24)00066-1/sref1
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref1
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref1
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref1
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref1
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref1
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref1
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref2
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref2
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref2
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref2
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref2
https://pakistan.unfpa.org/en/news/women-and-girls-bearing-brunt-pakistan-monsoon-floods
https://pakistan.unfpa.org/en/news/women-and-girls-bearing-brunt-pakistan-monsoon-floods
https://pakistan.unfpa.org/en/news/women-and-girls-bearing-brunt-pakistan-monsoon-floods
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref4
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref4
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref5
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref5
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref5
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref5
https://www.who.int/publications/i/item/9789240080379
https://www.who.int/publications/i/item/9789240080379
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Government_expenditure_on_health#Expenditure_on_.27health.27
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Government_expenditure_on_health#Expenditure_on_.27health.27
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Government_expenditure_on_health#Expenditure_on_.27health.27
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Government_expenditure_on_health#Expenditure_on_.27health.27
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref8
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref8
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref8
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref8
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref8
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref9
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref9
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref9
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref9
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref10
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref10
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref10
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref10
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref11
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref11
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref11
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref11
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref11
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref11
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref11
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref11
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref11
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref11
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref12
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref12
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref12
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref12
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref13
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref13
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref13
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref13
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref13
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref13
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref14
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref14
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref14
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref15
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref15
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref15
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref15
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref15
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref16
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref16
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref16
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref16
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref16
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref16
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref16
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref17
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref17
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref17
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref17
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref17
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref17
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref17
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref18
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref18
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref18
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref18
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref18
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref19
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref19
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref19
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref19
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref19
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref20
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref20
http://refhub.elsevier.com/S2949-7906(24)00066-1/sref20

	Sustainable transformations for healthcare systems in a changing climate
	Outline placeholder
	Introduction
	Lack of knowledge on unintended health consequences of adaptation actions
	Addressing the challenges

	Lack of targeted interdisciplinary research frameworks
	Addressing the challenges

	Lack of context-based future scenarios
	Addressing the challenges

	Conclusions

	Acknowledgments
	Declaration of interests
	References


