
n e f  r  o l o g i a.  2 0 2 4;4  4(3):331–337

www.rev is tanef ro logia .com

Revista de la Sociedad Española de Nefrología

Brief review

Chronic kidney disease, dialysis and  climate

change

Alfonso Otero González

Complejo Hospitalario Universitario de Ourense, Ourense, Spain

a  r t  i  c l  e  i  n f o

Article history:

Received 6 July 2023

Accepted 7 August 2023

Available online 2 July 2024

Keywords:

Chronic kidney disease

Dialysis

Climate change

Green nephrology

a  b s  t r a  c t

Chronic Kidney Disease is a  serious public health problem and in clear relation to Climate

Change and ecosystem maintenance. Renal health is  particularly vulnerable to the  impacts

of  climate change, and dialysis therapy (hemodialysis and PD) has a  significant environ-

mental footprint, conditioned by energy consumption and greenhouse gas production. In

the  last 50 years, people have changed ecosystems faster and more extensively than in

any  other period in human history. It is a  consequence of ever-increasing demand for food,

fresh water, fuel, industry, etc. and the  result has been a  substantial and largely irreversible

loss  of the diversity of life on Earth. Since 1979, human activities have caused the extinc-

tion of 60% of mammals, birds, fish and reptiles. There is an urgent need to adopt G̈reen

Nephrologym̈easures by developing sustainable environmental solutions for the prevention

and treatment of kidney diseases.

© 2023 Sociedad Española de Nefrologı́a. Published by Elsevier España, S.L.U. This is an

open access article under the  CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).
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r  e  s u  m e  n

La Enfermedad Renal Crónica es una grave problema de salud pública y en clara relación con

el  cambio climático y  el  mantenimiento de los  ecosistemas. La salud renal es especialmente

vulnerable a  los impactos del cambio climático, y la terapia con Diálisis (Hemodiálisis y

DP)  tiene una huella ambiental importante, condiccionada por el consumo de energia y

la  producción de gases de  efecto invernadero. Durante los últimos 50  años, las personas

hemos cambiado los ecosistemas más  rápidamente y  de una forma más generalizada que

en  ningún otro período de  la historia de  la humanidad. Es  consecuencia de la cada vez

mayor  demanda de  alimentos, agua dulce, combustible, industria, etc., y  el resultado ha

sido  una pérdida sustancial y  en gran medida irreversible de  la diversidad de  vida en la

tierra. Desde el año  1979 las actividades humanas han llevado a la extincion del  60% de
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mamiferos,aves,peces y reptiles. Es urgente adoptar medidas de “Nefrologia Verde” desar-

rollando soluciones medioambientales sostenibles para  la prevención y el tratamiento de

la enfermedad renal.
© 2023 Sociedad Española de  Nefrologı́a. Publicado por  Elsevier España, S.L.U. Este es un

artı́culo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/

by-nc-nd/4.0/).

Introduction

Chronic kidney disease (CKD) is a  serious public health prob-

lem, with a large increase in incidence and prevalence,1,2 it

means a high cost for health systems and, in addition, it is the

greatest cardiovascular risk factor.3

Thus, the data from the Global Burden of Disease (GBD) is

highly worrying.4 It shows that the incidence of CKD increased

by 88.76% in the  period 1997–2016, the  prevalence by 86.96%,

mortality by 98.02%, and the greatest burden of CKD (63%)

appears in countries with a  lower human development index.

Currently, more  than 850 million people (10% of the world’s

population) are affected by kidney disease,5 and in  advanced

kidney disease the alternative is renal replacement therapy

(RRT) by dialysis, renal transplantation or conservative treat-

ment. Dialysis treatment, especially hemodialysis (HD), is  a

major generator of the  “carbon footprint” due to the exces-

sive use of energy, water, consumables, and frequency of

treatment, which together contribute significantly to global

warming.

Climate  change

Climate change is due to the emission of greenhouse gases

(GHG) into the atmosphere, the main source of which is the

burning of fossil fuels (coal, oil or gas), which accounts for

almost 90% of all carbon dioxide (CO2) emissions. This gas,

which is not the most powerful but the most abundant, has a

half-life of 1000 years and according to data from the  Mauna

Loa observatory (Hawaii) its current concentration is  over

418.90 ppm.6 Other GHGs are methane (CH4),  nitrous oxide

(N2O), fluorinated gases and water steam. Methane (25 times

more potent than CO2) is produced naturally on Earth, by

anaerobic decomposition, and other sources are forest fires,

ruminant digestion, oil extractions (18% of emissions), rice

cultivation (10% of emissions) or the decomposition of garbage

in landfills (7%). N2O, which has a half-life of a century and is

300 times more  powerful than CO2, provides a  6% of emissions

and 40% is produced by land fertilization processes, while

20% comes from the oceans. Fluorinated gases (hydrofluoro-

carbons, perfluorocarbons, sulfur hexafluoride and nitrogen

trifluoride) are used to replace chlorofluorocarbon gases (CFCs)

which have already been withdrawn from the market (1995),

but they multiply the effect of CO2 by 22,000 times. Finally,

water vapor is  responsible for 60% of the greenhouse effect,

but has a very short lifetime in the atmosphere.

The accumulation of GHGs in the atmosphere gives rise

to the major effect of the  climate crisis which is the rise in

the planet’s temperature, which rose 1.1 ◦C since the begin-

ning of the 20th century, and is  projected that will increase

by approximately 1.5 ◦C  by 2050 and 2−4 ◦C  by 2100.7 The Inter-

governmental Panel on Climate Change of the World  Meteorological

Organization and the United Nations Environment Program (IPCC)

has determined that to avoid catastrophic health impacts and

prevent millions of climate change-related deaths, tempera-

ture increases should not exceed 1.5 ◦C.8

In addition to the  multiple effects caused by GHGs, it should

be  added that each year between 4.8 and 12.7 million tons

of plastic9 and between 300 and 400 million tons of heavy

metals, solvents, toxic sludge and other waste from industrial

facilities are dumped into the oceans.8 Overall, the effects of

climate change and, in  general, of all human activities have an

enormous impact on nature, generating unprecedented global

change: for example, it is estimated that human activities have

led to the extinction of 60% of mammals, birds, fish and rep-

tiles since 1970,10 which, as pointed out in  the  2005 report of

the Millennium Ecosystem Assessment, “Human activity is  exert-

ing as much pressure on the nature and heart functions oceans as

it does on  the oceans”: Ḧuman activity is  putting so much pressure

on  the nature and functions of the Earth that the capacity of the

planet’s ecosystems to sustain future generations can no longer be

assured”.11

Climate  change  and  health

Climate change is developing at such a  rapid pace that the

IPCC considers it to be one of the major global challenges of

our time.12 Its impact on health is  devastating and is expected

to cause approximately 250,000 additional deaths per year

between 2030 and 2050.13 Climate change, together with the

overuse of natural resources, diminishing water supplies, and

extensive pollution and destruction of the environment, pose

additional threats. Of special importance is  the  threat related

to  water, which is a  dwindling natural resource, and drink-

ing water in particular, which is mistakenly considered an

unlimited resource. More than 1 billion people do not have

access to safe water supplies, and nearly 2.6 billion lack of

adequate sanitation.9 Fig. 19 shows the path of human pres-

sure on the environment, ecosystem change and their various

health consequences.

The best way to avoid the disaster caused by climate change

is to  reduce carbon emissions, the main driver of global warm-

ing. Interestingly, the healthcare sector is a  major contributor

to climate change and overall environmental degradation

through the presence of pharmaceutical pollutants in ground-

water, surface water (lakes, rivers and streams), seawater,

wastewater treatment plants (influent and effluent).14 In gen-

eral, healthcare activity generates more  than 4% of global

greenhouse emissions; for example, United States accounts
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Figure 1 – Environmental changes and ecosystem deterioration. Impact on health. Ecosystems and human well-being:

health synthesis.9

for 10% of GHG emissions; in  Australia and during the period

2014–2015 they were 7%, and in the United Kingdom and after

different corrective measures, in 2015, the GHG emission was

4%.15–17 In any case, the burden of climate change on health

affects more vulnerable populations and countries with low

human development.18

Climate  change  and  renal  health

Renal health is particularly vulnerable to the impact of cli-

mate change, problems resulting from the climate crisis and

global change have been found to exacerbate renal diseases

(Fig. 2),19–21 and dialysis therapy has  a considerable envi-

ronmental footprint driven by several interrelated factors,

such as energy and water consumption, in addition to  GHG

and waste production. However, despite several international

climate agreements, global responses remain woefully inad-

equate and the commitment of the nephrology community

seems equally half-hearted.22

The HD is  the most widely used therapy to treat end-stage

renal disease23 and it is  estimated that today approximately

3.4 million patients (89%) are on HD treatment, according to

the Global Annual Renal Replacement Therapy 2022 report,24

with an annual growth of 7%23 and 369,000 patients (11%)

on peritoneal dialysis (PD).24 The water consumption in  HD

is approximately 0.5 m3/session. The problem is  the reverse

osmosis systems since they “reject” between half and 2/3 of

the water, and for a 4 h HD session with a  Qd of 500 ml/min it

is required 240 l  of water that have to be added, which would

raise the water expenditure to about 500 l/session,12,25 that

will go down the  drain,26,27 although modern water treatment

systems already exist that can recycle 80% of the “rejected”

water.28 These “state-of-the-art” systems are not available in

all HD units and unfortunately more  than 50%  of the water

is still sent to the drain. In short, the water consumption is

approximately 80  million m3/million of hemodialysis patients

per year. Furthermore, it is also necessary to add the waste

associated to the therapy, such as dialyzers and HD lines, aux-

iliary material such as  gloves, gowns, plastic cups and the

estimated energy expenditure between 12.0 and 19.6 kW h.12

Finally, HD-related emissions or “carbon footprint” range from

4 to  15.4 tons of CO2-eq (t-CO2-eq) (carbon dioxide equivalents)

per patient and year.12,29

In addition, in  PD the total water consumption for a  patient

using 4 bags of dialysate fluid per day (2.5 l) is  10 l plus the plas-

tic container. The generation of 1 kg  of plastic requires about

180 l of water, which means that for each PD bag, which weighs

approximately 0.155 kg, the amount of water consumed for

its production is 28 l,12 and this volume increases to 12 l  per

patient/day in  the case of automated PD.26,30 Thus, the “car-

bon footprint” of PD is approximately 1.4 t CO2-eq, much lower

than that of HD.

Green  nephrology

For some years now, the concept of “green nephrology” has

been gaining interest. Its objective is to improve the environ-

mental sustainability of renal care by changing practices and
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Figure 2 – The relationship between climate change and renal diseases.22

using available resources in a more  environmentally friendly

manner.31 Thus, this approach would involve the preven-

tion of CKD and more  environmentally conscious about renal

replacement therapy.

With the predicted increase in  CKD, it is  important to  rec-

ognize that the nephrology community has a considerable role

to play that can be summarized in the following points:

1 Lead the implementation of preventive approaches to diminish

the development and progression of CKD, both in primary

prevention of lifestyle (reduction of sedentary lifestyle,

unhealthy diet, obesity and smoking), health education

and policies that modify socioeconomic status, and in  sec-

ondary prevention, where better control of risk factors for

progression and further development of lines of research

for therapies to  reduce this progression of kidney disease

are needed.

2 Increase promotion for renal transplantation.  Currently less than

40% of European patients on RRT live with a  functioning

transplant and only 4% of transplants avoid dialysis by pre-

ventive grafting.32 Unfortunately, regenerative medicine is

not yet able to provide effective options.33

3 Develop environmentally sustainable solutions for the care of

patients with kidney disease.

4 Greener dialysis. There are very interesting alternatives pro-

posed, such as circular water management based on the

“3R” concept34:

•  reduce the need for dialysis, reduce dialysate flow (Qd) and

optimize reverse osmosis performance. Qd can be reduced

to 400 ml/min, resulting in a reduction of water consump-

tion from 120 to 96  l/session and without clinical or Kt/V

alterations35;

• reuse the reverse osmosis “reject” water that is  usually dis-

carded. It could easily be used for everyday purposes, such

as flushing the toilet, washing clothes or bathing, and even

as drinking water. However, as for dialyzer reuse, there is  no

scientific evidence to advise its reuse36;

•  recycling dialysate effluent for agriculture and aquaponic use

(i.e., plant cultivation without soil). Dialysate can be recy-

cled as  fertilizer, due to its high phosphorus and nitrogen

content; furthermore, urea, one of its main constituents,

can be transformed into green fuel and can be used as  a

source of hydrogen.

Finally, to the above, it should be added another optimal

option such as  centralized dialysate supply systems that allow

the preparation of the acid dialysate concentrate in situ and

reduce GHG emissions due to  a  reduced need for transport,

and also less plastic waste generated when these containers

are  discarded.

5 Production of environmentally friendly material (Fig. 3). Produc-

tion of green polymers certified through the International

Sustainability and Carbon Certification, using the mass bal-

ance concept (MBA) of the  Ellen MacArthur Foundation.37

This method is  a  process for determining the use of chemi-

cally recycled or bio-based feedstock in a final product when

recycled and virgin raw materials or bio-based and fossil

raw materials have been used in the process. Depending

on the raw material used, the output is a  mixture of prod-

ucts (primary and recycled or fossil and bio-based) that

are not distinguishable in terms of composition or techni-

cal  characteristics. It is different from mechanical recycling

of plastics, where materials can be separated, treated and

included in new products. This approach addresses materi-

als that cannot be physically separated because they might

be too mixed or contaminated, such as additives, paints and

adhesives, but could be recovered by chemical recycling and

incorporated as raw material.

Ultimately, there is  a need to adopt “green nephrology”

policies that can also improve profitability and increase pro-

ductivity. There are already initiatives from nephrological

societies in Australia, New Zealand or Italy.26 In this regard, the
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Figure 3 – Medical polymers with exactly the same technical and medical properties that can be manufactured from

biowaste feedstock can  only be considered if  allowed by national health authorities.22

Green Nephrology Network, a  sustainable healthcare program

of the NHS in the United Kingdom, has saved approximately

10 million euros annually in its health system as a  result of

environmentally friendly water and electricity saving initia-

tives. In fact, one of the dialysis units reported savings of up

to 4 million liters of water per year with a  new, more  efficient

water system.39

Recently, an international group of nephrologists40,41 have

called on the global community to  unite and align renal

care in accordance with the health sector principles of the

26th United Nations Climate Change Conference (COP26), and

announced the global and inclusive initiative, Global Environ-

mental Evolution in  Nephrology and Kidney Care (GREEN-K),

with a vision of “sustainable kidney care for a healthy planet

and healthy kidneys” and a mission to “promote and support

environmentally sustainable and resilient kidney care globally

through advocacy, education and collaboration.” GREEN-K’s

areas of action will include education, sustainable clinical

care, and progression towards environmentally sustainable

innovations, procurement, and infrastructure. They end their

call with the message, “Mindful of the  disproportionately high

climate impact of renal therapies, we welcome the opportu-

nity to work together in a  shared responsibility to patients and

the Earth’s natural systems.” In the same vein, the European

Green Deal and nephrology: a  call for action by the Euro-

pean Kidney Health Alliance19 also makes an urgent appeal

to national and international nephrological societies to join

forces around “green nephrology”, which has been success-

fully implemented in the NHS since 2009.38,39,42

In conclusion, climate change is  rapidly and dramatically

changing our planet, so we need to  reduce our global “carbon

footprint”, including the contribution caused by renal dis-

ease care, making it urgent commitment to promoting “green

nephrology” and join the many  initiatives already underway.

Conflict  of  interest

The authors declare that they have no conflicts of interest.

r  e f  e  r  e  n c  e  s

1. Levey AS, Atkins R, Coresh J, Cohen EP, Collins AJ, Eckardt KU,
et al. Chronic kidney disease as a  global public health
problem: approaches and initiatives - a  position statement
from Kidney Disease Improving Global Outcomes. KidneyInt.
2007;72:247–59.

http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0005


336  n e f r o l o g i a. 2 0  2 4;4 4(3):331–337

2. Hill NR, Fatoba ST, Oke JL, Hirst JA, O’Callaghan CA, Lasserson
DS, et al. Global Prevalence of Chronic kidney disease - A
Systematic Review and Meta-Analysis. PLoS One. 2016;11.

3. Go AS, Chertow GM, Fan  D, McCulloch CE, Hsu CY.
Chronickidneydisease and therisks of death, cardiovascular
events, and hospitalization. N  Engl J  Med. 2004;351:1296–305.

4. Xie Y, Bowe B, Mokdad AH, Xian H, Yan  Y, Li T, et al. Analysis
of the Global Burden of Disease study highlights the global,
regional, and national trends of Chronic kidney disease
epidemiology from 1990 to 2016. Kidney Int. 2018;94:
567–81.

5. Jager KJ, Kovesdy C, Langham R, Rosenberg M, Jha V, Zoccali C.
A  single number for advocacy and communication-world
wide more than 850 million individuals have kidney diseases.
Kidney Int. 2019;96:1048–50.

6. Global Monitoring Laboratory. Mauna Loa Baseline
Observatory; 2023. Available from:
https://gml.noaa.gov/obop/mlo/.

7.  IPCC, 2014: Cambio climático 2014: Informe de  síntesis.
Available from:
https://www.ipcc.ch/site/assets/uploads/2018/02/SYR AR5
FINAL full es.pdf.

8. IPCC. 2018: Summary for Policymakers. In:  Masson-Delmotte
V, Zhai P, Pörtner H-O, Roberts D, Skea J, Shukla PR, et al.,
editors. Global Warming of 1.5◦C. An IPCC Special Report on
the impacts of global warming of 1.5◦C above pre-industrial
levels  and related global greenhouse gas emission pathways,
in  the context of strengthening the global response to the
threat  of climate change, sustainable development, and
efforts to  eradicate poverty. Cambridge, Nueva York:
Cambridge University Press; 2018. p. 3–24
https://doi.org/10.1017/9781009157940.001

9. Jambeck JR, Geyer R, Wilcox  C, Siegler TR, Perryman M,
Andrady A,  et al. Marine plastic. Plastic waste inputs from
land into the Ocean. Science. 2015;347:768–71.

10. Intergovernmental Panel on Biodiversity and Ecosystem
Services. Summary for policy makers of the global
assessment report on bio diversity and ecosystem services;
2019. Available from:
https://www.ipbes.net/system/tdf/spm unedited advance fo
r  posting htn.pdf?file=1&type=node&id=35275.

11. The Board of the  Millenium Ecosystem Assessment. Living
beyond our means: natural assets and human well-being.
Summary for policy makers; 2005. Available from:
https://wriorg.s3.amazonaws.com/s3fs-public/pdf/ma board
final statement.pdf? ga=2.182554598.1541968820.

12.  Barraclough KA, Agar JWM. Green nephrology. Nat Rev
Nephrol. 2020;16:257–68.

13. Organización Mundial de la Salud. Evaluación cuantitativa del
riesgo de los efectos del cambio climático en determinadas
causas de muerte, decenios de 2030 y 2050. Organización
Mundial de la Salud; 2014. Available from:
https://apps.who.int/iris/handle/10665/134014.

14.  Patel M, Kumar R, Kishor K, Mlsna T, Pittman CU Jr, Mohan D.
Pharmaceuticals of emerging concern in aquatic systems:
chemistry, occurrence, effects, and removal methods. Chem
Rev. 2019;119:3510–673.

15. Eckelman MJ, Sherman J. Environmental Impacts of the U.S.
Health Care System and effects on public health. PLoS One.
2016;11:e0157014,
http://dx.doi.org/10.1371/journal.pone.0157014.

16.  Malik A, Lenzen M, McAlister S, McGain F. The carbon
footprint of Australian health care. Lancet Planet Health.
2018;2:e27–35.

17. SustainableDevelopmentUnit. Carbonfootprintupdateforthe
NHS in England 2015.
https://www.sduhealth.org.uk/policy-strategy/reporting
/nhscarbon-footprint.aspx (2016).

18. Atwoli L, Erhabor GE,  Gbakima AA, Haileamlak A, Kayembe
Ntumba JM, Kigera J, et al. COP27 Climate Change Conference:
urgent action needed for Africa and the world. Health SA.
2022;27:2218.

19. Johnson RJ, Sanchez-Lozada LG, Newman LS, Lanaspa MA,
Diaz  HF, Lemery J, et al. Climate change and the kidney. Ann
Nutr  Metab. 2019;74:38–44.

20. Kellum JA, Sileanu FE, Bihorac A,  Hoste EA, Chawla LS.
Recovery after acute kidney injury. Am J  Respir Crit Care Med.
2017;195:784–91.

21. Kuzma L, Malyszko J, Bachorzewska-Gajewska H, Kralisz P,
Dobrzycki S.  Exposure to airpollution and renal function. Sci
Rep. 2021;11:11419.

22. Vanholder R, Agar J,  Braks M, Gallego D, Gerritsen KGF, Harber
M, et al. The European Green Deal and nephrology: a  call for
action  by the European Kidney Health Alliance. Nephrol Dial
Transplant. 2023;38:1080–8.

23. Bello AK, Okpechi IG, Osman MA, Cho Y, Htay H, Jha V, et al.
Epidemiology of haemodialysis outcomes. Nat Rev Nephrol.
2022;18:378–95.

24. Fresenius Medical Care. Annual report 2022, Germany
[Accessed 19 March 2023]. Available from:
https://www.fresenius.com/sites/default/files/2023-03/
Fresenius Annual Report 2022 3.pdf.

25. Agar JWM, Piccoli GB. The regrets of a  green dialysis warrior. J
Nephrol. 2022;35:1949–51.

26. Piccoli GB,  Cupisti A,  Aucella F,  Regolisti G, Lomonte C,
Ferraresi M, et al. Green nephrology and eco-dialysis: a
position statement by the  Italian Society of Nephrology. J
Nephrol. 2020;33:681–98.

27. Agar JWM, Simmonds RE, Knight R, Somerville CA. Using
water wisely: new, affordable, and essential water
conservation practices for facility and home hemodialysis.
Hemodial Int. 2009;13:32–7.

28. BCS Bio  Clinical Services. Baxter GAMBRO Water purification
units. Available from:
https://www.bioclinicalservices.com.au/baxter/gambro-water
-purification-units.

29. Blankestijn PJ. Towards sustainable environmental
development in nephrology care, research and education. Nat
Rev Nephrol. 2021;17:7–8.

30. Blake PG, Dong J, Davies SJ. Incremental peritoneal dialysis.
Perit Dial Int. 2020;40:320–6.

31. Agar JW. Es  hora de  la d̈iálisis verde.̈  Hemodial Int.
2013;17:474–8, http://dx.doi.org/10.1111/HDI.12063.

32. ERA-EDTA Registry. ERA-EDTA Registry Annual Report 2019.
Amsterdam: Amsterdam UMC, location AMC, Department of
Medical Informatics, 2021. Available from:
https://www.era-online.org/registry/AnnRep2019.pdf.

33.  Legallais C, Kim D, Mihaila SM, Mihajlovic M, Figliuzzi M,
Bonandrini B, et al. Bioengineering organs for blood
detoxification. Adv Healthc Mater. 2018;7:e1800430.

34. Ben Hmida M, Mechichi T, Piccoli GB, Ksibi M.  Water
implications in dialysis therapy, threats and opportunities to
reduce  water consumption: a  call for the planet. Kidney Int.
2023;104:46–52.

35. Molano-Triviño A, Wancjer Meid B, Guzman G,  Yunez Luqueta
A,  Beltrán J, Romero G,  et al.  Effects of decreasing dialysis
fluid flow rate on dialysis efficacy and interdialytic weight
gain  in chronic hemodialysis - FLUGAIN Study. Nephrol Dial
Transplant. 2018;33:i514–5.

36. Upadhyay A, Sosa MA, Jaber BL. Single-use versus reusable
dialyzers: the known unknowns. Clin J Am  Soc Nephrol.
2007;2:1079–86, http://dx.doi.org/10.2215/CJN.01040207.

37.  Ellen MacArthur Foundation. Enabling a  circular economy for
chemicals with the  mass balance approach. Available from:
https://emf.thirdlight.com/link/f1phopemqs36-8xgjzx/@/
preview/1?o.

http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0010
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0015
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0020
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0025
https://gml.noaa.gov/obop/mlo/
https://www.ipcc.ch/site/assets/uploads/2018/02/SYR_AR5_FINAL_full_es.pdf
https://www.ipcc.ch/site/assets/uploads/2018/02/SYR_AR5_FINAL_full_es.pdf
https://doi.org/10.1017/9781009157940.001
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0035
https://www.ipbes.net/system/tdf/spm_unedited_advance_for_posting_htn.pdf?file=1&amp;type=node&amp;id=35275
https://www.ipbes.net/system/tdf/spm_unedited_advance_for_posting_htn.pdf?file=1&amp;type=node&amp;id=35275
https://wriorg.s3.amazonaws.com/s3fs-public/pdf/ma_board_final_statement.pdf?_ga=2.182554598.1541968820
https://wriorg.s3.amazonaws.com/s3fs-public/pdf/ma_board_final_statement.pdf?_ga=2.182554598.1541968820
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0040
https://apps.who.int/iris/handle/10665/134014
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0045
dx.doi.org/10.1371/journal.pone.0157014
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0055
https://www.sduhealth.org.uk/policy-strategy/reporting/nhscarbon-footprint.aspx
https://www.sduhealth.org.uk/policy-strategy/reporting/nhscarbon-footprint.aspx
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0060
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0065
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0070
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0075
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0080
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0085
https://www.fresenius.com/sites/default/files/2023-03/Fresenius_Annual_Report_2022_3.pdf
https://www.fresenius.com/sites/default/files/2023-03/Fresenius_Annual_Report_2022_3.pdf
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0090
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0095
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0100
https://www.bioclinicalservices.com.au/baxter/gambro-water-purification-units
https://www.bioclinicalservices.com.au/baxter/gambro-water-purification-units
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0105
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0110
dx.doi.org/10.1111/HDI.12063
https://www.era-online.org/registry/AnnRep2019.pdf
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0120
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0125
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0130
dx.doi.org/10.2215/CJN.01040207
https://emf.thirdlight.com/link/f1phopemqs36-8xgjzx/@/preview/1?o
https://emf.thirdlight.com/link/f1phopemqs36-8xgjzx/@/preview/1?o


n e  f r  o  l  o g i  a.  2  0 2 4;4  4(3):331–337 337

38. Connor A, Mortimer F.  The green nephrology survey of
sustainability in renal  units in England, Scotland and Wales. J
Ren  Care. 2010;36:153–60.

39. Limb M. NHS could save £1bn by adopting green strategies
used in kidney units. BMJ. 2013;346:f588.

40. The ISN ELP Program 2022 Cohort on Climate Change and the
Urgent Need for Green Nephrology. Available from:
https://www.theisn.org/blog/2022/09/05/the-isn-elp-program
-2022-cohort-on-climate-change-and-the-urgent-need-for-
green-nephrology/.

41. Stigant CE, Barraclough KA, Harber M, Kanagasundaram NS,
Malik C, Jha V, et al. Our shared responsibility: the urgent
necessity of global environmentally sustainable kidney care.
Kidney Int. 2023;104:12–5,
http://dx.doi.org/10.1016/j.kint.2022.12.015.

42.  Centre for Sustainable Healthcare. Available from:
https://sustainablehealthcare.org.uk/what-we-do/sustainable
-specialties/sustainable-kidney-care.

http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0140
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
http://refhub.elsevier.com/S2013-2514(24)00128-7/sbref0145
https://www.theisn.org/blog/2022/09/05/the-isn-elp-program-2022-cohort-on-climate-change-and-the-urgent-need-for-green-nephrology/
https://www.theisn.org/blog/2022/09/05/the-isn-elp-program-2022-cohort-on-climate-change-and-the-urgent-need-for-green-nephrology/
https://www.theisn.org/blog/2022/09/05/the-isn-elp-program-2022-cohort-on-climate-change-and-the-urgent-need-for-green-nephrology/
dx.doi.org/10.1016/j.kint.2022.12.015
https://sustainablehealthcare.org.uk/what-we-do/sustainable-specialties/sustainable-kidney-care
https://sustainablehealthcare.org.uk/what-we-do/sustainable-specialties/sustainable-kidney-care

	Chronic kidney disease, dialysis and climate change
	Introduction
	Climate change
	Climate change and health
	Climate change and renal health
	Green nephrology
	Conflict of interest
	References


