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Human populations having health advancements and life expectancy nearly

doubled over the past century.
These advancements have come at a significant environmental cost.

By 2050, only 10% of the entire Earth will be free from the invasion of

mankind’s activity, down from less than 25% today.
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Greenhouse gas emissions have increased 2 times since the late 20th century,
Increasing the environmental surface temperature by 1°C over the pre-industrial

point.

Unprecedented threats are being presented by global warming to both ecological

systems and human health.

Importantly, health-care systems require many resources and contribute

significantly to greenhouse gas emissions, especially in wealthy nations.
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* Preventative measures to * Early screening and
attenuate the development of management to avoid
kidney diseases (e.g., pest advanced kidney failure and
control and vaccinations for to reduce demand for hospital
vector-borne diseases and care including dialysis
better water access for
heatstroke-related acute * Promotion of healthy lifestyle

kidney injury) as primary prevention, which

in itself can be eco-friendly

* Development of mitigation
strategies and crisis e Measures to tackle inequality

plans to foster community would improve the overall care

resilience to the impact of quality for kidney health and

climate change on kidney [Kidney diseasesj reduce disease burden

care and to improve disaster

preparedness

~—
Contribution to Environmental
climate change — impact of treatment

Vz 2N
* Development of environmentally sustainable treatments
(e.g., reusing reverse osmosis reject water in dialysis, using
renewable energy, and improving waste management)

* Telemedicine and home-based therapy to minimize traveling
cost and carbon footprint

* Promotion of transplantation
\ & 4

Kidney International 2023 1047-11D0OI. (10.1016/}.kint.2023.03.038)




GLOBAL WARMING

Different definitions have been used to classify

heat waves, but one of the more common

definitions is a temperature that is 5°C greater

than the mean high temperature for a given

day, and one that persists for at least 5 days. ~41-40-20-1.0-05-0.2 02 05 1.0 20 40 41

In 2015 alone there were 175 million more people exposed to heat waves as a consequence of climate change.
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GLOBAL WARMING

The world's average temperature will increase by 3°C (1.5- 4.5°C) by 2030.

= The temperature increase will be more pronounced in the high latitudes of

the northern hemisphere.

= As ocean temperatures increase, glaciers will melt and sea height will rise

by 0.10-0.32 m towards the middle of the next century.
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GLOBAL WARMING

v"More extreme weather events: storms, cyclones, flooding
v Heat waves: more frequent, hotter, and longer
v Rapid glacier melting: landslides, flash floods, and reduced water availability

v’ Disturbed rainfall patterns: more droughts, more extreme precipitation events,

more intense rainfall, floods, and disrupted water supply

v Sea-level rise: inundation, saltwater intrusion, loss of land and assets, increased

coastal flood frequency/severity

v" Air pollution: increase in levels of ground ozone, more allergens

Photo: ©Abir Abdullah/ Still Pictures



Dialysis Crisis in Texas: ‘Catastrophic’
— Half of dialysis units across the state still suffering winter storm havoc

by Crystal Phend, Senior Editor, MedPage Today February 18, 2021

Last Updated February 19, 2021




DISEASE BURDEN

Disease burden (%)
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Nature Reviews | Nephrology

Reprinted from World Health Organization, Priss-Ustln, A., Wolf, J., Corvalan, C., Bos, R. & Neira, M. Preventing disease
through healthy environments. a global assessment of the burden of disease from environmental risks, copyright (2016).
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ENVIROMENTAL RISK AND CKD

Attributable Burden of
Incident CKD
per 100,000
I 18.97-8359
P 63.60- 115.75

B 1576 - 139.84
B 199.85 - 163.01

I c.02- 304.74
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CLIMATE CHANGE AND HEALTH

Direct effect on health:
Heat cramps — muscle pain and spasms
Heat exhaustion — loss of body fluids through intense sweating

Heatstroke — life threatening

Indirect effect on health:

Many different areas are affected by extreme and gradual temperature increases

Ecosystems, water, food, disease-carrying vectors, lifestyle, community resilience,

etc.



ENVIROMENTAL CHANGES AND DISEASES

Pathways between Fossil Fuels and Rising Greenhouse Gases and Vectorborne Diseases

Rising levels of CO, and other greenhouse gases

from the combustion of fossil fuels (e.g., coal, oil, and natural gas);

other contributors include deforestation and agricultural practices

Warming of the global atmosphere

Warming of
the oceans

Rising
sea levels

Increase in
floods

Changes in the timing, geographic range, intensity,
and trends of weather and climate Events

Increase in
extreme
storms

Increase in
droughts

Increase in
temperatures
and heat
waves

Decrease in
hard frosts

e Intrusion of salt water into
estuaries and aquifers,
favoring more salt-tolerant
species and resulting in
changes in transmission
dynamics

= Loss of livelihoods

« Supply-chain
interruptions

« Damage to critical
health-system
infrastructure

« Limitations in health-
system responses

= Increased population
vulnerab

= Creation or destruction
of potential vector breeding
sites

e Changes in host and reservoir
istribution and abundance

hanges in human—reservoir—
host interactions

= Economic losses, undermining
investment in prevention and
control efforts

« Effects on thermal performance
and limits of pathogens,
vectors, and hosts, especially
at higher altitudes and
latitudes

Longer disease-transmission
seasons

« Increased risk of antibiotic
resistance

= Population displacement
and migration

MC Thomson, LR Stanberry. N Engl J Med 2022,387:1969-1978.




* Disease

Vector

Population at risk-

Nuﬁetofpeopleounem!y

ENVIROMENTAL CHANGES AND DISEASES

of altered
(million)* Memdornewcasesperyear AL ST %
Malaria Mosquito 2,4002 300-500 million Tropics and Sublropics g
Schistosomiasis Water snail 600 200 million Tropics and Sublropics |
Lymphatic Filariasis Mosquito 10943 117 million Tropics and Sublropics N |
African Trypanosomiasis 250 000 to 300 000 2 ; -
(Sleeping sickness) Tsetse fly 554 cases per year Tropical Africa g
Dracunculiasis Crustacean South Asia,
; 100
(Guinea worm) (Copepod) e e Contar ost Al ©
Phlebotomine 12 million infected, Asia, Southem Europe

Lelshmaniasis sand fly 950 500 000 new cases per year®  Africa, Americas -’
Onchocerciasis : g c

(River biindness) Black fly 123 17.5 million Africa, Latin America >
(Chagas disease) Trigtomine bug 1007 18 million Central and South America g
Dengue Mosquito 1,800 10-30 million per year All Tropical couniries g

Yellow Fever Mosquito 450 ?e??eﬂa‘rm 5000 cases Imcal South America >

1 Woﬁgree enlries are population-prorated projections, based on 1989 estimates, ‘ Highly likely g Very likely l‘ Likely @ Unknown

3 Michael and Bundy, 1995.
4. WHO, 1984.
5. Ranque, personal communication.
g cvnl:gal1lgcggenoe of visceral leishmaniasis; annual incidence of cutaneous leishmaniasis is 1-1.5 million casesfyr (PAHO, 1994).

Source: Clmate change 1885, Impacts, adapiations and mitigation of cimate change: scientfic-tachnkal analyz=s, contribution cf working greup 2 to the eacond assessmant repart of tha intergavemmental panal
an dlirnale change, UNEP and WMO, Cambridgs press uniersity, 1696

GIRLD| (&)
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Mortality in US Hemodialysis Patients
Following Exposure to Wildfire Smoke

METHODS RESULTS
< Time-series regression « Association between all-cause
analysis. mortality and wildfire-PM, , among US in-
= ; _ - center HD patients 2008-12. Rate ratios
“ N =48,454 deaths identified %" were expressed per 10 pg/m? increase.
with USRDS in T :[
hemodialysis patients o P
< 253 U.S. counties with - S-S A a"; {;r iﬂl Ly S ir; P
dialysis clinics near a major -‘-T‘,'L_ ) 25 -
wildfire 2008-2012. : _ N e S W )
» Percent of daily mortality ‘QL\ r.. ey /,* 23 go
contributed by wildfire-PM, ¢ LW .‘J! TN '::
exposure on days with & B ’ft..' 5
wildfire-PM, . above 10 pg/m? \\(' 2 ‘.‘}

CONCLUSION Exposure to fine particulate matter from
wildfire smoke is associated with an immediate and persistent
increase in mortality among patients receiving hemodialysis.

doi: 10.1681/ASN.2013101106 lAS N

10 pg/m3 daily 4%, monthly 7%
> 10 pg/m3 daily 8%



CLIMATE CHANGES AND THE KIDNEY

v"In recent years, CKD epidemics have been reported in several high-temperature places of the

world, mainly affecting individuals who perform physical work in sweltering temperatures.

v The disease is more prevalent in Central America's hotter regions, and there is evidence that
these workers experience significant heat stress, which has led to the theory that the disease may

be caused by global warming.

%, Glaser J, et al. Clin JAm Soc Nephrol 2016;11(8):1472-83
% eﬁ“@ Johnson RJ. Nephrol Dial Transplant 2017; 32(4):598-602
Octery o Sorensen CJ, et al. J Occup Environ Med.2019,61(3):239-50

e
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CLIMATE CHANGES AND THE KIDNEY

v' Studies in Latin America have reported that sugarcane workers may develop repeated AKI

due to heatstroke, which may lead to CKD development.
v The majority of cases are asymptomatic

v Some patients exhibit:

v Fever
v' leukocytosis,

v’ Leukocyturia

v AKI : Hospitalization

A%, Glaser J, et al. Clin J Am Soc Nephrol 2016,11(8):1472-83

o
: & P & Jonnson RJ. Nephrol Dial Transplant 2017; 52(4):598-602

12-15 December2023 . Homa Hotel, Tehran e o Sorensen CJ, et al. J Occup Environ Med.2019,61(3).239-50




CLIMATE CHANGES AND THE KIDNEY

The mechanism of kidney injury:
s Increased internal body temperatures

*»*The activation of the polyol-fructokinase pathway by hyperosmolarity

**The long-term effects of vasopressin on tubular and glomerular injury

gy,

allie
12-15 December 2023 . Homa Hotel, Tehran %‘mm Johnson RJ, et al. Ann Nutr Metab 2019, 74(suppl 3):38—44
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CLIMATE CHANGES AND THE KIDNEY

Heat
Dehydration

Increased uric acid serum levels due to exercise-induced muscle damage

!

Concentrated and acidic urine

!

Tubular injury, urinary urate crystallization, kidney stone, urinary tract infection

Rehydrating with soft drinks:
Fructose metabolized by the kidneys

Tubular damage
Inflammation AKI

Oxidative stress

gy,

gilie
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CLIMATE CHANGES AND THE KIDNEY

In the 1995 heat wave in Chicago, over 50% of those presenting with heatstroke had AKI
AKI + coma and liver failure

Milder forms of heatstroke may be only associated with fevers and AKI

% allie
12-15 December2023 . Homa Hotel, Tehran ey oF V‘"“g Johnson RJ, et al. Ann Nutr Metab 2019, 74(suppl 3):38—44



GLOBAL WARMING AND THE KIDNEY

Exertional heatstroke related AKI

v'Classical rhabdomyolysis typically with creatine phosphokinase levels
>1,000 w/L

v'Associated with hyperuricemia and signs of dehydration

v'An acute tubular injury

sty
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GLOBAL WARMING AND THE KIDNEY

Epidemic heatstroke related AKI

Normal or only mildly elevated creatine phosphokinase levels
v" An acute interstitial nephritis

v Urinary leukocytosis and hematuria

v" A renal biopsy showing acute tubulointerstitial nephritis

v Results from ischemia, temperature-induced oxidative stress, decreasing intracellular energy

stores

sty
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International Archives of Occupational and Environmental Health (2019) 92:977-990
https://doi.org/10.1007/500420-019-01426-3

ORIGINAL ARTICLE

Evaluation of heat stress and cumulative incidence of acute kidney

injury in sugarcane workers in Guatemala

Jaime Butler-Dawson' %3

- Lyndsay Krisher'2 - Hillary Yoder* - Miranda Dally'%3 . Cecilia Sorensen®> .

Richard J. Johnson?® . Claudia Asensio’ - Alex Cruz’ - Evan C. Johnson* - Elizabeth J. Carlton?3 . Liliana Tenney

Edwin J. Asturias®®'?. Lee S. Newman'2311

1. Pre-employment Screening

y

Screened Workers

(n=4568)

Screened Cane Cutters, 81%

(n=3691) R '

—______ Nothired, 2% |

| (n=70) :

| § | |
Hired local cane cutters, 49% Hired highland cane cutters, 51%
26 work groups (n=1781) 21 work groups (n=1840)

2. Study Randomization I _

1

- 1

1 1
Invited to | Notinvitedto ! Invited to ! Notinvitedto !
participate: ! participate: ! participate: | participate: |
4 work groups i 21 work groups 4 work groups i 17 work groups |
(n=236) I (n=1545) ! (n=195) L (n=1400) !
______ ! Not present i o : Not present
' (n=5) : : (n=7) 1
o : Excluded i _______ 1 Excluded i
' (n=0) : : (n=1) :

3. Study Participation
Participated: Participated:
4 work groups 4 work groups
(n=231) (n=187)

Screened Production workers, 19%
(n=877)

Hired Production workers
28 work groups (n=847)

Invited to : Not invited to ;
participate: i participate: !
2 work groups | 26 work groups E
(n=100) | (n=747) !
_______ I Not present i
' (n=0) :
_______ I Excluded i
! (n=1) '
Participated:
2 work groups
(n=99)




International Archives of Occupational and Environmental Health (2019) 92:977-990
https://doi.org/10.1007/500420-019-01426-3

ORIGINAL ARTICLE

Evaluation of heat stress and cumulative incidence of acute kidney
injury in sugarcane workers in Guatemala

Jaime Butler-Dawson'?3© . Lyndsay Krisher' - Hillary Yoder® - Miranda Dally'-%3 - Cecilia Sorensen?* -
Richard J. Johnson*® . Claudia Asensio’ - Alex Cruz’ - Evan C. Johnson* . Elizabeth J. Carlton®? . Liliana Tenney
Edwin J. Asturias®®'°. Lee S. Newman'23"1

Kidney function February March April
Pre-shift n=412 n=355 n=373
Creatinine, pmol/L, median (IQR) 59.23 (50.39, 71.60) 57.46 (47.74, 69.84) 57.46 (47.74, 68.95)
eGFR, ml/min/1.73 m?, median (IQR) 129.04 (118.20, 140.40) 130.87 (116.76, 142.42) 131.79 (118.99, 142.51)
Kidney disease stages, n (%)

> 90 eGFR 380 (92%) 331 (93%) 348 (94%)

60-90 eGFR 25 (6%) 20 (6%) 19 (5%)

30-60 eGFR 5(1%) 4 (1%) 5(1%)

15-30 eGFR 1(<1%) 0 0
Cross-shift n=411 n=348 n=370

Acute kidney injury?, n (%) 191 47%) 178 (51%) 166 (45%)
AKI categoriesb, n (%)

Stage 1 176 (92%) 155 (87%) 140 (85%)
Stage 2 13 (7%) 20 (11%) 24 (14%)
Stage 3 2 (1%) 3 (2%) 2 (1%)
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https://doi.org/10.1007/500420-019-01426-3

ORIGINAL ARTICLE

Evaluation of heat stress and cumulative incidence of acute kidney
injury in sugarcane workers in Guatemala

Jaime Butler-Dawson'?3© . Lyndsay Krisher' - Hillary Yoder® - Miranda Dally'-%3 - Cecilia Sorensen?* -

Richard J. Johnson*® . Claudia Asensio’ - Alex Cruz’ - Evan C. Johnson* - Elizabeth J. Carlton?? . Liliana Tenney
Edwin J. Asturias®®'?- Lee S. Newman'%3"

Table 4 Kidney function of the production workers at the three study time points in Guatemala, 2017

Kidney function February March April
Pre-shift n=98 n=95 n=95
Creatinine, pmol/L, median (IQR) 55.69 (42.43, 66.30) 56.58 (51.27, 68.95) 54.81 (47.74, 64.53)
eGFR, ml/min/1.73 m?, median (IQR) 133.14 (118.73, 147.35) 129.91 (113.18, 140.62) 130.60 (115.53, 143.27)
Kidney disease stages, n (%)

> 90 eGFR 92 (94%) 86 (91%) 92 (97%)

60-90 eGFR 5 (5%) 6 (6%) 3(3%)

30-60 eGFR 1(1%) 3 (3%) 0

15-30 eGFR 0 0 0

Change in creatinine, median (IQR) 0.45 (0.33, 0.55) 0.34 (0.19, 0.44)
Acute kidney injury?, n (%) 79 (81%) 60 (63%)
AKI categoriesb, n (%)

Stage 1 54 (68%) 56 (93%)
Stage 2 24 (30%) 4 (7%)
Stage 3 1(1% 0

0.37(0.29, 0.54)
73 (77%)

60 (82%)
12 (16%)
1(1%




Morphological and clinical findings in Sri
Lankan patients with chronic kidney disease
of unknown cause (CKDu): Similarities and
differences with Mesoamerican Nephropathy

Julia Wijkstrém™*, Channa Jayasumana®, Rajeewa Dassanayake®, Nalin Priyawardane®,
Nimali Godakanda®, Sisira Siribaddana®, Anneli Ring®, Kjell Hultenby?®,
Magnus Séderberg®”, Carl-Gustaf Elinder’, Annika Wernerson'

1 Division of Renal Medicine, Department of Clinical Science, Intervention and Technology, Karolinska
Institutet, Stockholm, Sweden, 2 Department of Pharmacology, Faculty of Medicine, Rajarata University of

11 at I e n tS WI th 1 K D u Sri Lanka, Saliyapura, Sri Lanka, 3 Renal Unit, General Hospital, Polonnaruwa, Sri Lanka, 4 Faculty of
Medicine, Rajarata University of Sri Lanka, Saliyapura, Sri Lanka, 5 Clinical Pathology and Cytology,

ska University Hospital, Stockholm, Sweden, 6 Division of CRC, Department of Laboratory Medicine,
ka Institutet, Stockholm, Sweden, 7 Pathology, Drug Safety and Metabolism, IMED Biotech Unit,

The General Hospital, Polonnaruwa i sen 5
Range 27-61 years
Mean eGFR 38+14 ml/min/1,73m?

Detailed biochemical and clinical data together with kidney morphology,
Including electron microscopy

Many similarities in the biochemical and morphological profile of the CKDu
endemics in Central America and Sri Lanka, supporting a common etiology.

Electrolyte disturbances with low levels of serum sodium, potassium, and/or
magnesium were common.

Wijkstrom J, et al. PLoS ONE 2018, 13(3): e0193056



doi.org/10.1371/
pone.0193056.g0(
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A ]
Qf‘? - Fig4. Transmission electron microscopy findings. Segmental podocytic foot process effacement was observed in two
g% . patients (A, Patient 4). Podocytic cytoplasm inclusions of vacuoles or lipofuscin-like-bodies (arrows in B, Patient 6)
were found in the majority of the patients. ¢ = capillary, pc = podocyte. Bars = (A) 2um, (B) 5 um.
Fig 3. Light microscopy images of tubulointerstitial pathology in patients with CKDu in Sri Lanka. Mild to
moderate interstitial fibrosis was found in most patients (black arrow heads in A). Tubular atrophy was mostly mild
(black arrows in B). Interstitial inflammation was of varying degree ranging from none to severe (B, A, D and C). Signs
of pyelonephritis with interstitial inflammation and neutrophil granulocytes in tubules were found in two patients
(white arrow heads in D). [Fig A: Ladewig from Patient 7, bar = 200pum. Fig B: periodic acid Schiff from Patient 4,
bar = 100um. Fig C: hematoxylin-eosin from Patient 3, bar = 100um. Fig D: hematoxylin-eosin from Patient 11, =
bar = 100pum.].

Wijkstrom J, et al. PLoS ONE 2018, 13(3). e0193056



Table 1| Published trials in CKDu

Study Intervention Participants Randomized Design Results
Krisher et al Increased provision of 50 Guatermnalan sugarcane MNo Pre-post comiparisan. Serum creatine kinase levels
(2020)" electrolyte-containing workers Increasing amounts of were significantly reduced
ORS ORS made available over  with increasing volumes
3 whk. of ORS. No differences in

creatinine or hydration
status were identified.

Glaser er al. Increased provision of rest, 915 Nicaraguan sugarcane MNo Pre-post comparison over  In workers performing the
(2020)" and shade, water, ORS, and wiorkers 2 successive harvests highest-intensity labor
(2022)° field sanitation facilities. (bumed cane cutters), the

decling in eGFR over
harvest period was
reduced by 6 ml/min per
1.73 m” and risk of
incident kidrey injury
reduced by 30% (95% C,

10%-50%).
Sirlwardhana Substitution of participant 30 People with MNo Controlled trial eFR was significantly
et al. (2018)’ ard family's drinking and  biopsy-confirmed CKDu in higher in the bottled
cooking water supply MNorth Central Sri Lanka water group at 18 mo than
with bottled water versus in those continuing to use
ongoing use of usual their usual water supply
village water source. (356 + 56 vs. 223446

mlfmin per 1.73 m% P <

«.After 2.4ecades.of investigation,several plausible hypathigses.haye.

(2016)° riLanka with glbusninur erence in change in

been offereddd aXplaii the pathogenesis of CKESE 2 moer 11
® and a dinicyl di iz of g/g in favar of lapril.
none 6FiMICH B3ave yet Deen Proven.  re was o diference

a history of change in eGFR. (Mote that
glomerulonephritis, inclusion of albuminuric
pyelonephritis, caleuli, or participants contrasts with
snake bite were excluded. typical description of no-

ta-minimal proteinwria in
CEDw. May represent a
mixed or distinct
population from Central
American CKDu
populations.




Chronic kidney disease of unknown etiology
(CKDu) is a type of chronic kidney disease
known to mainly affect marginalized
agricultural communities where a large
number of people develop an unexplained,
deadly form of kidney disease. Across
country income levels, CKDu affects a similar
proportion of countries: LICs (22%), LMICs
(23%), UMICs (38%), and HICs (29%) (Figure
7.12). Overall, agricultural (30%) and mining
(13%) communities are the most likely to be
affected. Across income levels, agricultural

Industries affected by CKDu

Agriculture Manufacturing
Low income 20% 0%
Lower-middle income 40% 18%
Upper-middle income 33% 15%
High income 24% 10%

communities are the most likely to be affected
in LICs (20%), LMICs (40%), UMICs (33%), and
HICs (24%) (Figure 7.13).

Occurrence of CKDu or
populations disproportionately affected
with CKD

B Yes (%) No (%)

Low income NG
Lower-middle income NGNS
Upper-middle income I

High income I

Service/
Mining Tourism Professional Other
M 15% 0% 10% 0%
1% 4% 13% 4%
I 18% 15% 8% 0%
W10% 10% 1% 5%

ISN

VSN



GLOBAL WARMING AND THE KIDNEY

Increased risk of stones:
heat stress and dehydration
urinary concentration and low urine volumes

The “stone belt” that characterizes the hotter regions in the southern United States
IS projected to move northward as climate warming continues.

Experimental studies show that the primary kidney stone substance associated
with heat stress Is uric acid, due to its increased generation following exercise-
Induced muscle damage and the urinary acidification that occurs during the
concentrating process.

el s
‘%’é bl e,

The 19'" International Congress of Nephrology, Dialysis and Transplantation (ICNDT) e
Johnson RJ, et al. Ann W&r Q@éb 2019, 74(suppl 3):36-44



CAUSES OF AKI PROPAGATED BY CLIMATE
CHANGES

Hotspots of Potential Elevated Risk for Disease Outbreaks: 2014-2015
U ? < === T T ey

CHIK Chikungunya HFRS Hemorrhagic Fever with Renal Syndrome PL Plague
CHOL Cholera HPS Hantavirus Pulmonary Syndrome RI Respiratory lliness
DENG Dengue Fever MAL Malaria RVF Rift Valley Fever

Potential Infectious Disease Risks Associated with ElI Nino in 2014-2015.

Chretien et al, Plos Curr Outbreaks, 2015



INFECTIOUS DISEASES

In tropical and subtropical areas, acute febrile infections from vector-borne

diseases are a major contributor to AKI.
Zika virus, Malaria, and Dengue

Mosquitoes eat more frequently and lay more eggs in warmer climates.

Mortality due to infection induced AKI might rise to 45%

AKI due to Dengue
11-36% among hospitalized
9-259% fatality rate

Campbell-Lendrum D. et al. Philos Trans R Soc Lond B Biol Sci 2015; 370(20130552)
th . . . . Jhetay Mishra SK. Semin Nephrol 2008; 28:395-408
The 19" International Congress of Nephrology, Dialysis and Transplantation (ICNDT) %‘:” ). Oliveira JE. Clin Kidney J 2015 8-681-685
Ml \é‘
Oty op ¥



INFECTIOUS DISEASES

Mosquito-borne virus, Zika

Often asymptomatic or resulting in a mild febrile viral iliness, the infection can

result in congenital defects, such as microcephaly, in a growing fetus.

Travelers with immunosuppressed conditions, such as those with kidney disease or

who are receiving dialysis, and transplant patients have recently been warned to

take vigilance.

There is also worry over the possible risk of the Zika virus spreading through solid

organ transplantation.

https://optn.transplant.hrsa.gov/news/quidance-on-zikavirus



INFECTIOUS DISEASES

25/100,000

0/ 100,000

Hantaviriis / HFRS
(Hemorrhagic fever with renal syndrome)

posv SN HTNv [[TIT] puuv  EEEE TuLv  # Outbreak: number of cases as reported to the ecdc (year)

FIGURE 1: Epidemiology of hantavirus infections in Europe. Incidence for hantavirus infection in 2019 as recorded by the European Centre for Disease Prevention
and Control (ECDC). More than 4000 cases of hantavirus disease were reported in Europe (0.8 cases per 100,000 population), with detection of PUUV as the causative
pathogen in 98% of cases. Finland and Germany accounted for 69% of all reported cases. Distribution of PUUV, Dobrava virus (DOBV), HTNV and Tula virus (TULV)
across Europe are depicted by colour. Recent outbreak situations as reported to the ECDC from 2011 to 2021 are indicated with approximately affected cases and year
of the outbreak in parenthesis. European countries that do not report hantaviral infections to the ECDC are depicted in grey (Belarus, Denmark, Moldavia, Montenegro,
Kosovo, Ukraine).

Koehler FC, et al. Clinical Kidney Journal 2022, 15(7): 1231-1252



POLLUTED AIR

Particulate matter (PM),
which consists mainly of

solid particles resulting

from the combustion of

Environmental . .
Pollutants coal, gasoline and diesel

fuels, is the main element
of air pollution that

causes the most harmful

effects on health.

%gm%
% Afsar B, et al. Clinical Kidney Journal 2019, 12(1):19-32
12-15 December 2023 . Homa Hotel, Tehran ey or ' ' , .
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POLLUTED AIR

v'Heavy traffic is also risky Long-term traffic-related Kidney function among
air pollution the elderly
v' 8497 elderly in Tapei + @ eGFRY
y P P?:..;a‘bsorbanoe, f ® Proteinuriat
particles
Nitrogen Dioxide ® CKD prevalence P
® Risk of CKD progressionT

Individual Health Status

Air pollution-related
impaired renal function
stronger in non-CKD and
non-diabetic subjects

Chen SY, et al. Environ Pollut. 2018, 234.:838-845
12-15 December 2023 . Homa Hotel, Tehran




Association between exposure to fine particulate matter and kidney
function: Results from the Korea National Health and Nutrition

Examination Survey

Jongmin Oh?, Shinhee Ye ", Duk-Hee Kang“ ', Eunhee Ha *“"

Participants in the KNHANES in 2016
to 2018 (N=24,269)

A

Removed who were under 20 years old and had

y

Residents of 15 cities ex

cept Sejong/Jeju aged 20

years or older (n=18,419)

\ 4

resided in Sejong/Jeju island

| Removed that did not have demographic data or

A

y

Study population (n=15,983)

blood chemistry data including serum creatinine

PM,: and PM,,. long term exposure was significantly
associated with lower eGFR.

PM, . and PM,, exposure significantly associated with
higher CKD risk among younger people, women, non-

smokers, and non-drinkers.
Oh J, et al. https.//doi.org/10.1016/f.envres.2022.113080



Kidney

chronic kidney disease in a community-based population

ml i g Long-term exposure to air pollutants and increased risk of
inica

IS using a fuzzy logic inference model

Fuzzy inference systems (FIS) based on fuzzy theory in mathematics are previously applied to infer
supplementary points for the limited number of monitoring sites and improve the uncertainty of spatial data.

Methods Results
. The most important factors associated PM, . exposure with CKD prevalence
8284 community with an increased CKD prevalence risk i
residents 4 1000
Metabolic syndrome 1.27 (1.01-1.60) o) . §
— S 3 800 T
vA , D Air pollutants Arthritis 1.37 (1.02-1.85) “g 500 g
Heart disease 1.42 (1.05-192) g g_
o 400 -
. Q
ﬁ CKD Diabetes 1.32 (1.03-1.69) § e TS = . 2
Gout 1.99 (1.44-2.76) & ﬂ g
-0 w
Framingham Risk Score  2.52 (1.18-5.41) ‘ ' ; ) '
i § Fuzzyinference 2 34 36 38 40 42
systems PM,  (pg/m?) 1.29 (1.15-1.45) Levels of PM, ,
] . . Lin, H.C. et al.
Conclusion: Long-term exposure to ambient PM, . appears to be associated Clinical Kidney Journal (2022)

with an increased prevalence of CKD based on a FIS model.

cjchung1010@gmail.com
@CKlJsocial



POLLUTED AIR

4 5 ® o
inhalationof o ® o

. [&]
nanoparticles ,°? o bt

-

*Oxidative stress
Cytokines T
*RAS activation
*Fibrosis
*DNA damage

Chronic Kidney
Disease

Particles >6nm /77~ \\oe
aren't filtered “
by glomeruli
and damage
renal tissue
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GREEN NEPHROLOGY

Green nephrology is concept that has been gaining traction over past few years.

It aims to improve the enviromental sustainability of kidney care through changing

practice and utilizing avaibile resources in a more enviromentally friendly way.

It also focuses on increased monitoring of resource usage and waste generation from

kidney care facilities to reduce waste and the carbon footprint.

12-15 December 2023 . Homa Hotel, Tehran Agar JW. Haemodialysis Int 2013, 17(4)747-8.



GREEN NEPHROLOGY

v’ In comparison to many other medical treatments, HD appear to have excessively

high expenditures’ and waste production profile.

v'In every HD session, nearly 2 kg of hazardous waste is produced which are
mainly contaminated plastics and technological materials and requires plenty of

water and electricity usage.

Piccoli GB et al. On the Behalf of Conservative treatment, Physical activity and Peritoneal dialysis project groups of
b the Italian Society of Nephrology, 17 January 2020.
ﬁﬂﬁ@«?mﬁdﬁ R, et al. Nephrol Dial Transplant 2023,38.:1080-1088

12-15 December 2023 . Homa Hotel, Tehran
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GREEN NEPHROLOGY

HD is a water-hungry treatment.

Conventional thrice-weekly 4-h HD, with a dialysate flow of 500 ml/min, and a
standard osmosis, consumes about 20,000 L of water per year.

v'To give an idea of the potential savings that ensued, one dialysis service in the
UK has reported savings of up to 4 million litres of water per year with a new
ergonomic water system.

v’ UK, Australian and French data show that adding water-conserving devices to
an existing reverse osmosis system can be water saving, as well as economically

sound.

The 19" International Congress of Nephrology, Dialysis and Transplantation (ICNDT) “‘ ,



GREEN NEPHROLOGY

Reuse,

Cartridges, plastic
bottles, etc...

“4AR” is Reuse, Reduce,
Recycle, Repair

Repair,

Dialysis machines

Reduce, Recycle,

Incremental dialysis, Plastic, paper,
nutritional cardboard, etc...
management, pre
emptive

transplantation

12-15 December 2023 . Homa Hotel, Tehran



GREEN NEPHROLOGY

REDUCING the amount of waste products, which can be done at all levels.

v’ Fewer patients will begin dialysis if conservative and nutritional treatment is

used wisely
v Fewer sessions will be needed if incremental dialysis strategies are used
v'Less water will be wasted if dialysate flow is tailored to specific needs

v'Less contaminated waste will result from selecting HD waste materials

12-15 December 2023 . Homa Hotel, Tehran



GREEN NEPHROLOGY

REUSE in nephrology is frequently thought to have a negative connotation

because It Is associated with the contentious dialyzser reuse.

v'Some disposables used in dialysis that do not come in contact with blood, such

bicarbonate, have a significant potential for reuse cartridges.

12-15 December 2023 . Homa Hotel, Tehran



GREEN NEPHROLOGY

RECYCLING is another issue that is frequently disregarded.

v'Plastic waste generated by dialysis is significant and at least a portion of clean

plastic products could be recycled

v'Hospital initiatives for the regular recycling of materials that could (and ought
to) be recycled at home, such as non-medical plastic products, food, paper, and

glass.

12-15 December 2023 . Homa Hotel, Tehran



GREEN NEPHROLOGY

v'REPAIR is another concern that stands in stark compared to the current
mindset that gadgets and supplies, including dialysis machines, should be thrown
away In their entirety, significantly increasing the amount of thrown away

electrical devices formed by HD.

v'In addition to extending the lifespan of equipment, repair can form the

cornerstone of a strategy.

12-15 December 2023 . Homa Hotel, Tehran



Y5 IS N Did you know? Our Earth is dying ...
\§/ ... unless we go GREEN!

We, the ISN Emerging Leader Program 2022 cohort, are committed to promoting green nephrology in the fight against climate change

What is the problem? What can we do?

The global temperature is rising rapidly,
partly due to the rapid rise in carbon
emissions (b). Fresh water supplies are
increasingly threatened (a).

Nephrologists should focus on the
unmet need to reduce the carbon
footprint in dialysis (c):

— recycling reverse osmosis reject

The environment will be irreversibly water

damaged if we don’t drastically reduce

2 — reducing dialysate flow rates
carbon emissions.

— utilizing renewable energy sources

a) Increasing water demand with time

BO% L poguiation — optimizing waste management
1000% * Water withdrawal " pe: -

s - GOPprocapia — Implementing the “R” cycle (d)
800% L.

e . Increase environmentally themed
s00% research with greater focus on

:: advocacy to influence practices and
200% policy makers

100%

1900 1919 1920 1930 1580 1950 1960 1970 1950 1390 2000 1010 2020 2030 2040 2050

b) Gl o Carbori Emisss b) G 1A T i d) The “R” cycle, and its potential application to
obal n Emissions lobal Average Temperature Change
10°F P g C) contributors to carbon footprint of hemodialysis dialysis treatment
~ Higher Scenario (RCP8.5) - Higher Scenario (RCP8.5) 5°C b
e LOWer Scenano (RCP4 5)
| P Even Lower Scenario (RCP2.6)
— Observed 4 5 »1
& ¥ I
3 6 a g i
o £, 1 Ssaay
S 4 5 £ | .
3 Repair,
2 1 B | Diabysis maghines
" | woe sy 1=
0 (4] 3. § ‘ ReAduce,v
H Sotesmd ‘.‘
-5 -2 =1 . » vioeir
1800 1950 2000 2050 2100 1900 1950 2000 2050 2100 = — e — .’ P oo—— e
Year RCE, Rep c Year COEFICIENT OF VARIATION
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#ASN

American Society of Nephrology

April 22, 2022

Statement on Climate Change

The American Society of Nephrology calls on kidney health professionals to take action to
address the impact of climate change on the 850 million people—including more than 37 million
Americans—living with kidney diseases across the world who are uniguely vulnerable to the
effects of climate change.

It Is estimated that the delivery of health care accounts for up to 5% of
annual global greenhouse gas emissions. Compared with other
developed countries, the U.S. health care system has an inordinately

large carbon footprint, accounting for up to 10% of annual national

emissions.
If the U.S. health care sector were itself a country, it would rank 13th for

global emissions.

Connor A et al. Hemodialysis Int 2011;15:39-51



#ASN

American Society of Nephrology

April 22, 2022

Statement on Climate Change

The American Society of Nephrology calls on kidney health professionals to take action to
address the impact of climate change on the 850 million people—including more than 37 million
Americans—living with kidney diseases across the world who are uniguely vulnerable to the
effects of climate change.

Hemodialysis, in particular, is an extremely water and power-hungry
therapy, consuming approximately 156 billion liters of water and 1.62
billion kW/h of power in the treatment of around 2 million people per
year. It also generates excessive amounts of plastic waste,
approximately 625,000 tons per year, most of which is produced and

discarded of in an environmentally damaging manner.

Connor A et al. Hemodialysis Int 2011;15:39-51
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The NEW ENGLAND JOURNAL of MEDICINE

SOUNDING BOARD

FOSSIL-FUEL POLLUTION AND CLIMATE CHANGE
Caren G. Solomon, M.D., M.P.H., Editor, and Renee N. Salas, M.D., M.P.H., Guest Editor

The Climate Gap and the Color Line
— Racial Health Inequities and Climate Change

Rachel Morello-Frosch, Ph.D., M.P.H., and Osagie K. Obasogie, Ph.D., J.D.




How Structural Racism and Inequality Drive the Climate Gap

Housing and Land Use Policies
Rooted in Structural Racism Racial segregation

Discrimination in real estate and Wealth and income inequality
lending industries (e.g., redlining)

Dispossession of Indigenous

communities from land

Inequities in political power

Sacrifice Zones ki

Disproportionate siting of industrial facilities

and highways in communities of color and
Disparities in exposures to low-income communities

fossil fuel-related pollution Privileged communities benefit most from

industrial pollution as producers and

consumers, while avoiding exposures
Regulatory abandonment of racially and

socioeconomically marginalized groups

Higher pollution levels overall

Climate Gap

Racial and class-based disparities in the effects of
extreme heat, precipitation, drought, wildfire,
housing loss, sea-level rise, and displacement

Unequal Health Effects

R Morello-Frosch, OK Obasogie. N Engl J Med 2023;388.:943-949.



CONCLUSIONS

Health professionals must push for the urgent

Severe Air
Weather Pollution

development and implementation of mitigation

Changes
in Vector

Extreme Ecology

strategies based on understanding that the health

effects of unchecked climate change will be far B Increasing

Allergens
mental 9

Degradation

more serious.

Water and Food Water
Supply Impacts Quality Impacts
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CONCLUSIONS

We should develop clear plans to reach zero emissions
Including plastics recycling and implementation of bio-based processes

INn our countries.

12-15 December 2023 . Homa Hotel, Tehran



THANK YOU FOR YOUR INTEREST
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