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Changement climatique et santé planetaire
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Un rechauffement rapide
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Un rechauffement rapide

RCP2.6 RCP8.5
(a) Change in average surface temperature (1986-2005 to 2081-2100)
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« Le changement climatique est la plus grande menace sanitaire mondiale du
XXlIe siecle » Lancet Commission 2009

« Le changement climatique menace les fondements mémes de la santé
et du bien-étre humains » Rapport Lancet Countdown 2020
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Les signes vitaux de |la Terre
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GLOBAL CLIMATE CHANGE
Vital Signs of the Planet

CARBON DIOXIDE GLOBAL TEMPERATURE ARCTIC ICE MINIMUM ICE SHEETS SEA LEVEL

4 1 6 parts per million 2 1 °F since 1880 1 3 1 percent per decade 4 29 billion metric tons per 3 3 millimeters per year
. - year &
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Changement, variabilite, meteo

Are extremes becoming more frequent?
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Changement, variabilite, meteo

Are extremes becoming more frequent?
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Perte de biodiversité

Earth has lost half of its wildlife in the
past 40 years, says WWF

S x";_/‘ 7 '
l 0 Causes of wildlife declines globally
60 /ﬂ SI N CE 1 970 WWF's "Living Planet Index’ categorises the causes of wildlife declines based on

e,
Guardian

analysis of 3,430 species’ populations

Habitat loss
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Acceéleration et point de bascule

Tendances socio-économiques Réchauffement global par rapport a
1750-2010 1850-1900

Observed monthly global
mean surface temperature

Likely range of modeled responses to stylized pathways

net zero in 2055 while net
sis reduced after 2030 (grey inb,c&d) ~

1 (bluein b &c) result in a higher
probability of limiting warming to 1.5°C

» [[]No reduction of net non-COz radiative forcing (purple in d)
results in a lower probability of limiting warmingto 1.5°C

GLOBAL I
1GB P

m Inter national Tourism: 0->939.9\@fHiond bf atribals CHANGE

OVERNMENTAL PANEL ON
climate change

m Telecommunications: 0->6.48 billion landlines & subscriptions

COz2 emissions

W Transportation: 0->1281.35 mega vechicles decline from 2020
M Paper Production: 0->398.77 megatons 2 to reach net zero in
W Water Use: 0->3.87 1000km 3 ' 2055 or 2040

MW Large Dams: 0.06->31.63 >15 meter height
I Fertilizer consumption: 171.46 megatons
M Primary engergy use: 16->533.37 exajoule
m Urban Population: 0.05->3.5 billions
Foreign Direct Investment: 0->1.3 trillion (2013 USD)

M Real GDP: 0.35->50.15 trillion (2005 USD)
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Liens avec la sante

e « 85 des 102 maladies étudiées sont liées

a I’environnement. »

— OMS, Preventing Disease Through Healthy Environment 2006

« Vides déces dans le monde liés a
I’environnement

Fraction of deaths and DALYs attributable to the

environment globally, 2016

Deaths (millions) DALYs (millions)

00

= Attributable to the environment
m Not attributable to the environment

isks. WHO, 2012

— OMS, Preventing Disease Through Healthy Environment 2012
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=" Deadly flooding. 'Zombie fires.' A massive
iceberg. It's been a wild week in weather and
climate change
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ealth effects of climate change
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Impacts sur la sa
* Directs
« Indirects
. A long
terme

Haines et al. Engl J Med 2019
DOI:
10.1056/NEJMral1807873

Increasing Levels of Carbon Dioxide

Rising Temperature

and Short-Lived Climate Pollutants
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Extreme
Weather Events
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Demographic, Socioeconomic, Environmental, and Other
Factors That Influence the Magnitude and Pattern of Risks

Geography
Ecosystem change
Baseline air and water quality
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Access to effective health care

Heat
Stress

<

EXPOSURE PATHWAYS

Air Water Quality
and Quantity

Quality

Social
Factors

Vector Distribution
and Ecology

Food Supply
and Safety

\/


mailto:sara.khalid@ndorms.ox.ac.uk
mailto:sara.khalid@ndorms.ox.ac.uk

Increasing Levels of Carbon Dioxide
and Short-Lived Climate Pollutants
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nté

Rising Temperature
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Impacts sur la sa
Directs
« Indirects
. A long
terme

Extreme
Weather Events

= Injuries

- Fatalities

« Mental health
effects

Haines et al. Engl J Med 2019
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Rising Sea Levels

Increasing Extreme
Weather Events

/
Demographic, Socioeconomic, Environmental, and Other
Factors That Influence the Magnitude and Pattern of Risks
Geography Warning systems
Ecosystem change Socioeconomic status
Baseline air and water quality Health and nutritional status
Agricultural and livestock practices Access to effective health care
and policies
<
EXPOSURE PATHWAYS
Heat Air Water Quality Food Supply
Stress Quality and Quantity and Safety

Vector Distribution
and Ecology

Social
Factors

EXAMPLES OF HEALTH OUTCOMES

- Exacerbations
of asthma and
other respiratory
diseases

- Respiratory
allergies

- Cardiovascular
disease

Heat-related illness
and death
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« Campylobacter
infection

- Cholera

- Cryptosporidiosis

- Harmful algal
blooms

- Leptospirosis

+« Undernutrition

- Salmonella food
poisoning and other
foodborne diseases

- Mycotoxin effects

« Chikungunya

- Dengue

- Encephalitis
(various forms)

- Hantavirus infection

« Lyme disease

- Malaria

- Rift Valley fever

- West Nile virus
infection

« Zika virus infection

Physical and
mental health
effects of violent
conflict and
forced migration
(complex and
context-specific
risks)
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Chaleur et santé

Mechanisms of Heat-Associated lliness

* Directs
— Coup de chaleur P
_ Crampes internal heatload J — / ot L
Z . /’ b
— Epuisement ‘/ﬂd,’,'//"' e
. h
— Hyper/hypothermie + skin — o
- - bloodflow \, oyt
« Maladies chroniques - /r:-\':'-'m"m" | excretion
. : : f
— Maladies cardiovasculaires el D Poueic ot e,ectfo,ytes
_ Diabé 4
Dlabet.e L l i i electrolyte
— Maladies respiratoires - raplacement
— Maladies cérébrovasculaires redistribution
» Hospitalisations [Sireutatory shock | —— | o8 ermie
— T’roubles cardiovasculaires Szekely M et al. PMID: 27227063
— rénaux

— respiratoires
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Chaleur et santé

* Qui est le plus
vulnérable ?
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Chaleur et santé

* Qui est le plus vulnérable ?
— Multimorbidité, polymédication
— Personnes agées
— Jeunes enfants

— Grossesse, ménopause chez les
femmes

— Meétiers en extérieur ou non ventilés

« Deéterminants sociaux et disparités
— Statut socio-économique
— Facteurs liés au mode de vie
— Origine ethnique/génétique

Characteristic

OR or RR (95% Cl)

Decreased risk Increased risk

UNIVERSITY O

OXFORD

Respiratory diseases :
Hoffmann et al.'® RR 1.61* L]
Schwarz et al." OR 1.13 (1.00-1.26) s
Lorente et al.’s OR 1.6 (1.0-2.5)t =
Bretin et al."” OR 1.48 (0.96-2.26) i
Semenza et al.? RR 1.13 (0.99-1.26) i*
Semenza et al.? OR 2.2 (1.0-4.9) ——
Cardiovascular disease
Hoffmann et al.'® RR 1.30* ¢
Lorente et al.'s OR 1.1 (0.8-1.6)t e
Bretin et al."” OR 3.19 (2.08-4.90) P ——
Naughton et al." OR 7.17 (2.5-20.8)% —_—
Semenza et al.? RR 1.23 (1.18-1.28) -
Semenza et al OR 2.3 (1.5-3.6) | ——
Diabetes
Type 2 :
Semenza et al.? RR 1.33 (1.21-1.45) L+
Type 1
Semenza et al.} RR 1.22 (1.08-1.36) +
Type not specified
Schwarz et al."? OR 1.17 (1.04-1.32) e
Lorente et al,s OR 1.3 (0.8-2.3)t —
Hypertension
Lorente et al.'s OR 1.2 (0.8-1.7)t iy
Semenza et al.? RR 1.24 (1.19-1.29) 0
Obesity
Lorente et al."s OR 1.2 (0.7-2.2)t 4
Age, yr
=75
Fouillet et al.2 RR 1.7 (1.6-1.8) 4+
35-74 '
Fouillet et al.2 RR 1.3 (1.3-1.4) e
<35
Fouillet et al.2 RR 1.1(1.0-1.2) 'y

Planetary Health Informatics Group | sara.khalid@ndorms.ox.ac.ilenny et al. CMAJ. 2010 Jul 13; 182(10): 1053—1060.

Centre for Statistics in Medicine | University of Oxford | @CSM_Oxford | @PHI_Oxford

doi: 10.1503/cmaj.081050

0.1

l\llAli T TTT
1

10
RR or OR (95% CI)



mailto:sara.khalid@ndorms.ox.ac.uk
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2900329/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2900329/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2900329/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2900329/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2900329/
https://doi.org/10.1503%2Fcmaj.081050

Chaleur et santé

* Les plus vulnérables

Multimorbidité, polymédication
Personnes agées
Jeunes enfants

Grossesse, ménopause chez les
femmes

Métiers en extérieur ou non ventilés

 Déterminants sociaux

Statut socio-
économique

Facteurs liés au
mode de vie

Origine
ethnique/génétique

OXFORD

Annual number of deaths
attributable to heat

B 10001-100000

[ 1001-10000

[ 101-1000

] 1-100

[CJNodata

Figure 3: Annual heat-related mortality in the population older than 65 years averaged from 2014 to 2018

« Hausse de plus de 50 % de la mortalité liée
a la chaleur chez les plus de 65 ans, soit 296
000 déces au total en 2018. »
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Pollution de I'air et mortalité pe
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Household air pollution

deaths every year as a result of exposure to indoor
smoke from cooking fuels

4.2 million

deaths every year as a result of exposure to fine
particulate matter

www.who.int/data
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Pollution de I'air et mortalité

Concentrations historiques de
PM2,5 (en haut) et décés dus a la
COVID-19 (en bas) aux Etats-Unis.

o
3 i =
i - * S 3 4
g -l 3
N Aol
b
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COVID-19 deaths per 1 million S » ° § §
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Household air pollution

3.8 million

deaths every year as a result of exposure to indoor
smoke from cooking fuels

4.2 million

deaths every year as a result of exposure to fine
particulate matter

www.who.int/data
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Pollution de I'air et mortalité

Household air pollution
Concentrations historiques de 3.8 million
P N oN - 5 2018 .
PM2,5 (en haut) et décés dus a la = A S years :.w :;a;:; ;erzaryczziirnzss erlzsult of exposure to indoor
COVID-19 (en bas) aux Etats-Unis.

Nitrogen oxides

54°N =

© Nitrogen dioxide @ ™ 4'2 mi I I ion
3 . Hed deaths every year as a result of exposure to fine
-‘E“ ’ particulate matter
= PM2.5 ST h q
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g 5 EK —e—| o.int/data
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“ ] B ,
& o
N "
v 50°N Ozone
|

MWodw 2w ¢ ' ' ' '
CW U W P 2E 08 09 1.0 1.9 1.2

Longitude Infectivity odds ratio
PMzs

Association entre I'exposition aux
polluants atmosphériques et le
nombre de cas de COVID-19

confirmés en laboratoire dans la UK
Biobank.

—

COVID-19 deaths per 1 million S
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Pollution de I'air et mortalité

Concentrations historiques de
PM2,5 (en haut) et décés dus a la
COVID-19 (en bas) aux Etats-Unis.
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Association entre I'exposition aux
polluants atmosphériques et le
nombre de cas de COVID-19
confirmés en laboratoire dans la UK
Biobank.
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Household air pollution

3.8 million

AS years '. 2018 deaths every year as a result of exposure to indoor
LA smoke from cooking fuels

4.2 million

deaths every year as a result of exposure to fine
particulate matter

Nitrogen oxides

Nitrogen dioxide sk

.
PM2.5 e www.who.int/data
PM10 .
Ozone
I

| | 1 1
0.8 0.9 1.0 14 1.2

Infectivity odds ratio

BAME proportion of population (%)
60
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vs niveaux de pollution

de lair @ |
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% ‘”‘1'0“ ) 20 30

Average NO; concentration over 10 years
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Effets de I'environnement sur la santé mentale

...et plus
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Effets de la pollution de l'air sur la santé musculo-squelettique

EI Hip
Outcome type Outcome o 1571 | @ Bothsexes
- - - Effet de la météo sur la douleur e
Attention Attention (4 studies) +—m— 101
Pleasurable moods Energy (5 studies) —— . £ 05 I T }
Tranquillity (7 studies)* L 2 sl EN EIT E []
TheJoual of he ol Aociion o th Sty of P g
Jrplessubiemonts ey (b suder - | iy 1L
Articles & Issues v Collections v Videos For Authors v Journal Info v 2 -0.5 ‘
Anger (7 studies) — 2 .
. . o 1.0
Fat'gue (4 StLdIS) NARRATIVE REVIEW
Sad or depressed (4 studies) ——a—— = Are weather conditions associated with I 2 3 4
Physiological outcomes  Systolic BP (6 studies) o chronic musculoskeletal pain? Review of Model
) . ) = results and methodologies
Diastolic BP (5 studies) images - i 5
Beukenhorst, Anna L.*"; Schultz, David M.>5; McBeth, John®?; Sergeant, Jamie C.*%; Dixon, William G.
Pulse (S studies) Study results by weather variable, ordered by number of studies that investigated the weather variable.
) . Weather variable No. of studies investigating this No. of studies finding no association with  No. of studies finding an association with
Cortisol (4 studies) variable pain (%) pain (%)
Temperature 4 21 (51) 20 (49)
_()" 5 (') O! 5 Atmospheric pressure 41 20 (49) 21 (51)
. Humidity
Pooled effect size (Hedges g) Relative humidity 35 16 (46) 19 (54)
Vapor pressure 6 3 (50) 3 (50)
. . . Dew-point 3 2 (67) 1(33
Figure 18: Psychological and emotional outcomes from exposure to natural e
versus synthetic environments Precipitation 30 8 (27) 22 (73)
Bowler, D'et al. BMC Public Health,2010. Wind speed 20 9 (45) 11 (55)
https://doi.org/10.1186/1471-2458-10-456 Siiching 16 561) 169)
Cloud cover 7 3 (43) 4 (57)
Wind direction 3 0(0) 3(100)
Wind gust 2 1 (50) 1(50)
Leuven weather index 2 1(50) 1 (50)

Planetary Health Informatics Group | sara.khalid@ndorms.ox.ac.uRAIN 161(4):668-683, April 2020.
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Ranzani, O et al. JAMA Open 2020. doi:
10.1001/jamanetworkopen.2019.18504
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Un probléme a I'échelle de
la planete

® 2 %z 8: ns P i P « C. fzst laz premiere fois qu une génération
s il §esd wiill e Bl i il entiere d’enfants va grandir dans un
Az fs iz monde rendu bien plus dangereux et
PR T 2 M2 pe %= ME A - incertain par le changement climatique et
i - | s oz - i la dégradation de l'environnement. »
- E 5o B .-Uhil UNICEF
NORTH ‘= = = ’:- =
‘ z (L} 0= V%y -
-
s <

d!s = =

Observed impacts attributed to climate change for

Physical systems Biological systems Human and managed systems
o s E | W B et MR (D Teresiateconstems 3y @

Deaths / 100,000 Pop. O S o o & fi &

1100 - 150 .é, . et S Mar .
~1150-200 - Outlined symbols / bars = Minor contribution of cimate change vl
[ 200 - 350 Filled symbols / bars = Major contribution of climate change
I 350 - 500

No data

Priiss-Ustiin et al. Rapport OMS Preventing
Disease 2006

Cramer et al. Detection and attribution of observed impacts.
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OXFORD

Informatique de sante et sante
planétaire
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Science des donneées climatiques™

Earth System Data Different Al techniques Examples
* Modélisation du systeme Terre i Yk SN A
— p. ex. classification de 'occupation des sols |” @@ e —(v) P—
. . v }("":‘ \ ies‘nz Evsemmie _¥ s
» Scénarios climatiques futurs id ‘IO Jy/\/\ i
== ESM 3,ESM4,...| e Ln;,; \
« Prévision météorologique @ it
* Prediction des événements extrémes ] =y -4 :\
— p. ex. prévision des inondations RASY R, ‘ _ m*::mm
* Impacts climatiques o,
— p. ex. sur l'agriculture, la santé, 'économie oo, v S
» Curation et qualité des données ML and Albased understanding

enhances next generation ESMs

— p. ex. données ponctuelles, maillees et satellitaires de Huntingford C et al 2019 Environ. Res. Lett. 14 124007
précipitations,
de température, de végétation et de milieu bati
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Science des données de santé

 Fournir des @e : @0
donnees en temps 2 A
reel et en vie reelle ()

o

%{
E Ravi et al., IEEE Biomed &

Health Informatics 2017
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Science des données de santé

* Fournir des données en  ciacer
temps réel et en vie '

4 | | PDF[171KB] H
ree e Technology: the nexus of climate change and COVID-19?

The Lancet Digital Health

° Am é | | orer ushed: February 2024« 0K oo LR
les connaissances sur

07
EDITORIAL | VOLUME 3, ISSUE 2, E67, FEBRUARY 01, 2021 J

1200 1
N ® Medical
1000 . . Informatics
Ie CI I I I lat et Ia Utilisation de .
@ . M Sensing
; £ w0 I’apprent_lssage
san te automatique I
S 600 - , ioinformatics
2 Méthodes
: 400 o Imaging
200 s
M Public Health
0 -+

2010 2011 2012 2013 2014 2015
Ravi et al. IEEE Biomed & Health Informatics 2017
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Science des données de santé

Present

 Fournir des données en

temps reel et en vie .-

°
+1.5°C Undemutrition

4
r‘ E‘ ’ ‘ ’ Food- and
wiater-bome
infections

Mental hezith
and violence
Extreme

* Ameliorer les

2080-2100

connaissances sur le
climat et la santé i

Risk and potential for adaptation

« Adaptation des

current adaptation --- Potential for
Mental health adaptation to

systemes de sante au
changement

Impact du climat sur 8 secteurs de santé et
C“ma Iqu pogentiel d’atrt?enuation par I'adaptation.
e Smith et al. Human health: impacts, adaptation, and co-benefits.

Climate Change IPCC 5t AR 2014
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Systemes d'alerte precoce SR

e Traditionnellement fondés sur les savoirs locaux

e SAP intelligents fondés sur

— Connaissances d’experts

— Meégadonnées en temps
réel

— Analyses avancées

Indice de risque de chaleur, Philadelphie,
_ Etats-Unis. .,

Pools and Speoygrounds
=

135t Prionty Areas

»

—

[

LA

D
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Centre for Statistics in Medicine | University ¢hQxfae

Evaluation des systémes d'alerte chaleur-santé

a Shanghai, Chine
:}il\gel;t:at-heakh warning | ] i =TT

H = THRESHOLD
= Shanghai Meteorological \ .1 : Pakl 5 _m:]
Service e -

= China Meteorological L. HREngTSH
Administration \ ——— =
* World Meteorological CASE STUDY =

Organization OF SHANGHAI

= Grade of the heatwave- /
Chinese national standard | System.
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A . / \
+ U.S. NOAA-Heat Index ) H / I / \
H H /

N } i \ 1465\
« Meteorological data | ! Li) ZL
-+ Heat-related illness data >1
= Demographic data

Yagiao et al. Science of The Total Env.
https://doi.org/10.1016/j.scitotenv.2020.136883

Carte des risques de chaleur. Agence européenne pour
I'environnement

Home v Heat wave risk of European cities Openinr

- - I8, = E C
[EDetails | B8 Basemap © Share i3 Print v | & Measure |Find address c

5l +] ol
Contents

+
Share of green and blue = =

urban areas 2006 [%]
FTEAe | -
class

® >39

O 3039

© 2029

@® <20

O Population density 2004
[inh/km2]

)y O

30


mailto:sara.khalid@ndorms.ox.ac.uk
https://doi.org/10.1016/j.scitotenv.2020.136883

[53

UNIVERSITY OF

Modeles de prevision des inondations OXTORD

90 Modeéles d'analyse d'images par réseaux antagonistes pour la prévision des inondations
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Predire les épidemies

PREDIGTING MALARIA OUTBREAKS USING EARTH OBSERVATION
MEASUREMENTS AND SPATIO-TEMPORAL DEEP LEARNING MODELLING:
A SOUTH ASIA CASE STUDY FROM 2000 10 2017

Usman Nazir', Muhammad Talha Quddoos®, Momin Uppal’, Sara Khalid?

TLahore University of Management Sciences, 2Centre for Statistics in Medicine, University of Oxford

sara.khalid@ndorms.ox.ac.uk

2000

Données satellitaires L. Credit : NASA Goddard Space Flight
Landsat combinées & des | St '
données au sol sur les reid

précipitations, la Modeles informatiques de
température, I'humidité du suivi des événements

sol et la végétation humains et

environnementaux

Prédire les épidémies
de paludisme au Pérou a

I'échelle des ménages
Schmidt et al. ICLAR 2019. arXiv:19
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Suivi et surveillance de |a pollution de |

LAQN Pollution Episodes
Find postcode Q
PIETIT [A10] Witham
+ Map  Satellite  Greyscale Ca
Chelmsford  maldon
[a4010]

Chiltern
Hills AONB

Sheerness

Isle of
Rochester Sheppey
Sittingbourne
Favers
% Farnborough 7 Maidetone
iingstoke rea
S Aldershot . s Aitatandi

Le London Air Quality Network surveille et prévoit
les niveaux d'ozone, d'oxyde d'azote, de PM2,5 et
de PM10
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Bulletins  Site Details  Statistics

Pollution Episodes

Episode Mod PM10 PM2.5 mid April 2021
Location London
Pollutant(s) PM10, PM2.5

Dates 20/04/2021 to 21/04/2021

This map shows the peak readings recorded across the
region during the episode you have selected. Note that you
can see each daily bulletin using the archive on the bulletin
tab, and can also see animations and text explanations (if
available) by selecting a different map view.

Chang

PE]

Systeme d'alerte
précoce personnalisé
pour les personnes les
plus vulnérables aux
fortes pollutions

Crédit : londonair.org.uk
33
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|A et biodiversité
I

IMAGE
BROWSE... '
C. plumbeus
95%
Detection threshold: *(
other
0 0.68 1 n=6 C. limbatus
C—— )
0 0.1 02 03 04 05 06 07 08 09 1
Select Video
P. gl
20220924_KeawanuiBay_S3_GX110006.mp# gla““ i
8 PROCESS < DETECT VIDEO WePLAY VIDEO
& RESET C. galapagensis C. amblyrhynchos
Shark Prediction l
—e— Kawaihei Harbor —#— KeawanuiBay —®— Manele Bay —e— Whale Amphitheatre
Carcharhinus limbatus 94.15%
Carcharhinus plumbeus 413 %
Carcharhinus amblyrhynchos 0.47 %
Galeocerdo cuvier 0.44 %
Carcharodon carcharias 0.39%
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Suivi a distance des patients dans les
zones de catastrophe/de conflit

Heart Rate =
—_— ———SBP 96

Breathing Rate : F
Blood Pressure | ———— - 3
¥ L [

6.5
—fp 1800 2100 0000 0300 0600 0900 1200 1500 1800
@
03r

Oxygen Saturation| =™

> HR (bpm) ;-

» 1800 2100 0000 0300 0600 0900 12

Temperature Data fusion with machine learning ~ Deterioration

Warning

o . Khalid et al. IEEE Trans Biomed Eng 2012
Home monitoring kit for DOI: 10.1109/TITB.2012.2212202
remote management of

Covid-19 infection

Santos et al. Front. Digit. Health
https://doi.org/10.3389/fdgth.2021.630273
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Reponse aux pandemies

» Diagnostic
* Prediction du risque
clinique
« Stratégie vaccinale o s
i . ﬁl test rules tc;‘qta CO\'/1ID-1.9
« Phénotypage approfondi Emergency Departments
NHS Digital > Coronavirus > Coronavirus (COVID-19)risk assessment > e~ I

and advice about coronavirus (COVID-19), including information about the COVID-1

Understanding the Global Impact of T an also find quidance and support on the GOV UK website
COVID-19 Clinical Risk Assessment . o
Tool Next steps on the vaccination programme -

vaccinating Cohort 6: Individuals added to

Interactive World COVID-19 Tracker

. This online tool is powered by QCovid® and helps clinicians better understand ——— s — the shielded patient IlSt Via QCOV|d® and

how at-risk a person may be of catching coronavirus and being admitted to

hospita' or (aQChing coronavirus and dying' [26/05/2021 United Kingdom: 2,541 Cases (7 Day Average) adu It ca re rs

Article | Open Access | Published: 06 October 2020 ‘
Deep phenotyping of 34,128 adult patients ‘
hospitalised with COVID-19 in an international CHECHEY n S B A ~me s
network study

Planetary Health Informatics Grou
Centre for Statistics in Medicine |

Edward Burn, Seng Chan You, [...]Patrick Ryan

1l_Oxford 36

Nature Communications 11, Article number: 5009 (2020) ‘ Cite this article



mailto:sara.khalid@ndorms.ox.ac.uk

UNIVERSITY OF

OXFORD

Modeles informatiques

e Villes du futur

Construire un plan 3D des ilots de chaleur urbains a partir de données
d’observation de la Terre et de I'apprentissage profond

— Confort thermique urbain ESA-DEVELOPED
EARTH OBSERVATION MISSIONS Satellites

25 under
development
‘_LH in operation

— Optimisation de l'usage des sols

— Couverture végétale accrue

e Modélisation des
transports

— Plus d’activité physique

— Moins d’empreinte carbone

* | First Impression of the Global 3D Urban Models
accuracy better than 2m

e L’IA pour les énergies
renouvelables

e Empreinte carbone de l'lA

Planetary Health Informatics Group | sara.khalid@ndorms.ox.ac.uk
Centre for Statistics in Medicine | University of Oxford | @CSM_Oxford | @PHI_Oxford
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S

Détection des maladies ey G ,artograph||e°t3T°VL~des -
. L 0 e maladies
oculaires Diagnostic des

tumeurs

CTE: +0.19m
Stop

Clustering de I'expression génique
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Cadre d’analyse en santé planétaire [

®

Dossiers de santé électroniques ﬁ

Demographie Clinique Médica
Laboratoire

IIIIIIII

Données brutes individuelles

Planetary Health Informatics Group | sara.khalid@ndorms.ox.ac.uk
Centre for Statistics in Medicine | University of Oxford | @CSM_Oxford | @PHI_Oxford
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Cadre d’analyse en santé planétaire [

®

Dossiers de santé électroniques ﬁ

Demographie Clinique Médica
Laboratoire b
Données brutes individuelles
=T
I Phénotypage : : l
o/pag L2 /’ Résultats de santé J
Variables —

|
Utilisation des ressources J

Regrouper
Classer
Prédire

—

Patients l

II  Découverte

Planetary Health Informatics Group | sara.khalid@ndorms.ox.ac.uk
Centre for Statistics in Medicine | University of Oxford | @CSM_Oxford | @PHI_Oxford
| Y | - | @PHI Page 41
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Cadre d’analyse en santé planétaire

Dossiers de santé électroniques ﬁ

Demographie Clinique
Laboratoire

Données brutes individuelles

I Phénotypage

& L

Donnees
enwronnementales
: — Mixité d’'usage des
Pollution de l'air sols

1
Végeétation }

Variables

Patients l

II

Planetary Health Informatics Group | sara.khalid@ndorms.ox.ac.uk
Centre for Statistics in Medicine | University of Oxford | @CSM_Oxford | @PHI_Oxford

Découverte

Résultats de santé J

\

|
Utilisation des ressources J

Regrouper
Classer
Prédire

—

Page 42
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Cadre d’analyse en santé planétaire [

® &

. - : ﬁ Données
Dossiers de sante électroniques environnementales

[ Démographie [ Egtr)\?r:?o"e[ { Mi giﬁa ion de I'air ] (Z)ligte d’'usage des J
Données brutes individuelles Température (\'/égétaﬁon J
Apparieme
ol |
! Phénatypage L /> L Résultats de santé J

Variables —

Regrouper
Classer
Prédire

Patients l

|
L Utilisation des ressources J

II  Découverte

Planetary Health Informatics Group | sara.khalid@ndorms.ox.ac.uk
Centre for Statistics in Medicine | University of Oxford | @CSM_Oxford | @PHI_Oxford
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Cadre d’analyse en santé planétaire

OXFORD

L
Dossiers de santé électroniques ﬁ (' Données environnementales
Démographie Clinique . 1. . , .
[ grap [Labfratoire[ {Medmarr%QPollutlon deﬁalr
Température Usage des sols batis Végetation

Donnees individuelles geolocalisées et appariées

I Phénotypage :

Variables — > f

Regrouper
Classer
Prédire

|
Résultats de santé J

—

|
Utilisation des ressources J

Patients l

—

II  Découverte

Planetary Health Informatics Group | sara.khalid@ndorms.ox.ac.uk
Centre for Statistics in Medicine | University of Oxford | @CSM_Oxford | @PHI_Oxford
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Définition, codage et saisie de la
Effet des vaglg te]cajueuu l:ortalité dans 18 pays avec 12 définitions différentes de la vague de

chaleur
- 90P_2day
- 90P_3day
90P_4day
& 92.5P_2day
% 2.0-
2 92.5P_3day
2 -+ 92.5P_4day
_% N 95P_2day
s T o 95P_3day
T 95P_4day
pH 4 e
b A + | '.\ g4 -5 97.5P_2day
'] - yp* 7 4 o & \ B ? 4 .
, AP my# P gyt JP-H"IJ'\ :ﬂ++9+L F++ myesnh AP EA ;N,VTM i J‘i“ st D g penD m.wmﬁ oA V&u 97.5P_3day
\ ) | ) ' \ \ ' ) \ ! \ ) ! | . . ! - 97.5P_dday
Australia Brazil Canada China Colombia Iran Ireland Italy Japan Korea Moldova  Philippines Spain Taiwan Thailand UK USA Vietnam
Y. Guo et al. Env Health Perspectives 125:8 CID: Country ‘ . "
087006 https://doi.ora/10.1289/EHP1026 Even a small change in the heatwave definition had an
. . . ) e
appreciable effect on the estimated health impact’ in
Brisbane, Australia - Case Cross Over Design
HWD Definition
Mortality OR with 95% CI
1 The dally maxdmum temperature =35°C (about top 1%) for 3 or more
consecutive days HWD1 087 0.68, 1.10
2 The daily maemum temperature of more than 5 consecutive days exceeds the
average maximum temperature by 5°C, the normal period being 19611990 HWD2 0.99 0.83,1.18
3 The heat index (maximum temperature + relative humidity) Is expected to reach
40.6°C with a minimum temperature not below 26.7 C as a period of at least 48 h HWD3 1.73 1.32,2.28
i D o T e g T S HWD4 126  1.10,1.43
5 The daily maximum temperature would be equal to or greater than 37°C
iont oy QO i it O D HWDS 153 127,184
6 The top 2.5% (=33.59°C) of daily fora ¢ HWD6 1.16 1.06, 1.27
2 days period
7 The top 2.5% (=33.59°C) of dally maximum temperatures for a continuous HWD 7 1.21 1.08, 1.35
3 days period
8 The top 5% (=32.65°C) of daily maxi » forac HWD8 1.10 1.03,1.18
3 days period
9 The top 5% (=32.65°C) of dally maxmum tempertures for a continuous HWD9 1.14 105' 1.24
4 days period
. . o HWD10 1.24 1.13,1.36
Planetary Health Informatics Group | sara.khalid@ndorms.ox.ac.uk il g i
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Données de vie réelle, |1A et équite en santeé

Evaluation de
Teils santé erronée
des

donné

es

Biais
algorithmique

Khalid et al. Nature Sci Data (2024)
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Données de vie réelle, 1A et équité en santé

— 6 Research Codes —

60 millions ‘.’i’i i‘

de dossiers patients anonymisés
19 NHS Codes

L LLLREE]
hikkik

Quelles données sur — 489 SNOMED Codes —
I'Orlglne ethnlque Sont ‘zi i :gi i :zi i “i ] ‘llzi i :zi i :;i iii
igiﬁiﬁﬂﬁ‘.}:ﬂﬁt ;ﬂﬁ::ﬂﬁtiﬂﬁ: 'Hﬁﬁ

3
i i tHiE AL AR R AR L AR A
d IS p oni b I €s ? igﬂﬁﬁiﬂiﬁﬂﬁ: ;ﬂﬁgﬂﬁgﬂﬁ:’ bk
]

More Detall

sdnouo) uabbig

L LI L LI L L LI L i L L]
itHthth AR R AR
AR R R AR AR b
thi AR AR R AR AR AR R
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Projet Origine ethnique, équité en santé et |IA

Une étude centrale COVID-19 du gouvernement

britannique visant a corriger les biais des données qui
se traduisaient en inégalités de santé. HHHHH Data scientific data
AR
+

L'analyse des données du NHS England a Blas I_ Explore content ¥ About the journal v Publish with us v nature
révélé des données riches et inexploitées — Incorrect Health
sur I'origine ethnique. A Assessment e et > sl > ane

Algorithm Analysis | Qpen access | Published: 22 February 2024

Bias Ethnicity data resource in population-wide health

records: completeness, coverage and granularity of
diversity

55

de patients,

Origine déclarée par le patient, des patients n’ont pas de données des patients ont des codes

selon le systéme SNOMED d’origine ethnique dans leurs d’origine contradictoires dans
dossiers de soins primaires et leurs dossiers

secondaires

soit 94 % de la

population

britannique

The Planetary Health Informatics Lab | NDORMS | @PHI_Oxford | sara.khalid@ndorms.ox.ac.uk


https://www.ndorms.ox.ac.uk/research/research-groups/planetary-health-informatics/projects-1/ethnicity-equity-and-ai-study
https://www.nature.com/articles/s41597-024-02958-1
https://www.nature.com/articles/s41597-024-02958-1
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Modeles de donnees communs et analyses
standarc*~~~~

Raw data

Multiphe SAVE Codiy

Planetary Health Informatics Group | sara.khalid@ndorms.ox.ac.uk
Centre for Statistics in Medicine | University of Oxford | @CSM_Oxford | @PHI_Oxford 49



mailto:sara.khalid@ndorms.ox.ac.uk

(%7

UNIVERSITY OF

Modeles de donnees communs et analyses
standardisees

Raw data OMOPed data

Mdtiphe SAVE Condinyy Standardued Analptics

1) [

@O K 1)

o (') 1) [

Planetary Health Informatics Group | sara.khalid@ndorms.ox.ac.uk
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Modeles de donnees communs et analyses
standardisees

| Person |—
system data metadata
Raw data OMOPed data L[ Observation_period | | y S|
Multiphe SAVE Lol Standardued Analptics — I Logation |‘\ | CDM_SOUrce |
->| Visit_occurrence L’l Location_history | | Metadata |
B ;
> Visit_detail { Care_site |/ Standardized
Il Il 3 \ ‘={ Condition_occurrence |4 Provider |f vocabularies
. % I - - | Concept |
: = q Drug_exposure |" Standardized derived
g AN elements | Vocabulary |
= » Procedure_occurrence |‘( | s |
' ' ' l [5) J ' |‘/ ondaition_era | DOaIN |
g | Device_exposure | Drug_era |
N
e C t_cl
T I ={ Measurement | Dose_era | | oA l
% ) N I,/ | Concept_relationship |
<—> l W 11 < — ote Results schema
g e [ Relationship ]
Cohort_definition | C |
—.,| Survey_conduct oncept_synonym
_..I‘ ObserzEtion ’»/ Standardized health | Concept_ancestor |
‘ economics
—->|‘ Specimen | | Eoer | | Source_to_concept_map |
4’[ Fact_relationship | | Payer_plan_period | Drug_strength |
Planetary Health Informatics Group | sara.khalid@ndorms.ox.ac.uk l Q”DSI
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Points d’attention

e Sources de

données

— Mondiales,
ethiques,
representative
S

* Appariement

— Données
anonymiseées

e Standardisation
— Définitions
universelles
— Synchronisation

Planetary Health Informatics Group | sara.khalidgamgrﬁue

Centre for Statistics in Medicine | University of ORf;ird | ‘CISM_O ford | @PHI_Oxford

ogele gae aonnees

Qualité des données
— Exhaustivité et exactitude

de I'enregistrement (p. ex.

chaleur)

Analyse des données

— Nombreuses inconnues
— Facteurs de confusion

— Interactions
multistress

UNIVERSITY OF

OXFORD
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Infrastructures pour 'analytique a grande
échelle en santé planétaire

Collection of environmental public
health surveillance data

Analysis of environmental public health

Collation/integration sirvellance dafi

Real Time Second
External Incident Syndromic Generation
Management Systems, or Surveillance Surveillance
agencies: System System Hazard identification

Fire & Rescue Services, and mapping e.g.

LAs (LGA), Ambulance, >\ / using GIS
Environment Agency, Food /

Standards Agency, etc. \ ¥

Standardized health Standardized
system data metadata

T 1
| ‘
{
| :

Provider vocabularies

Routine reporting on
surveillance trends
NHSE Digital/ HSCIC over time and space
Hospital Episodes (incl.
AB&E) laboratory reports
blood lead, etc.

Concept

|/ Standardized derived
elements Vocabulary

Domain Exposure assessment

Concept_class

Concept_relationship

GNH Buiypel | yes dljgnd [eiuswiuoIALT

]
8
®
o
E
©
°
@
8
B
s
°
€
3
8
&

Analysis and exposure L
assessment I -
emical Inci Health outcome and
e! eporting Inf l mapping
Relationship iy

Direct events and incidents

Concept_synonym reporting

HPZone/ Case Incident

Standardized health Concept_ancestor Management System (CIMS)
Modeéles de données T
communs et analyses e | » EPHSS Systéme de
standardisées r OH DS W”;“;d“zmm:‘::ﬁ':‘i":“:.ﬁ: : Public Heatth  Surveillance en santé
England publique environnementale,
Royaume-Uni

Sensors and loT Data
HEAP Europe Une

plateforme d’IA pour o
la recherche sur "OL

I'impact du climat sur DeepCube EXTREME

la santé Explainable Al EARTH

pipelines for big ~ Deep Cube L’IA pour analyser les données

Copernicus data satellitaires Copernicus et prédire les impacts
climatiques

Planetary Health Informatics Group | sara.khalid@ndorms.ox.ac.uk
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Co-bénéfices climat-sante

« Deépenses mondiales d'adaptation en santé
18 Md$, 1 5,3 %

« Planification de 'adaptation des systemes de
santé dans 86
pays

« Plans ambitieux de soins zéro net, p. ex. NHS
britannique : émissions liées aux soins | 57 %

iNTERGOVERNMENTAL
PANEL ON CLIMATE
CHANGE 1990

Crédits : Victor Ndula 2009

« Désinvestissement des prestataires de santé :
42 Md$

« Larecherche sur la santé et le climat a été
multipliée par 8

« Bénéfice économique de 1,5 °C : 600
000 Md$

« main-d'ceuvre en meilleure
santé, colts de santé réduits

Rapport Lancet Countdown 2020
Planetary Health Informatics Group | sara.khalid@ndorms.ox.ac.uk
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Co-bénéfices climat-sante

Dépenses mondiales d’adaptation en santé
18 Md$, 1 5,3 %

Planification de I'adaptation des systémes de
santé dans 86

pays

Plans ambitieux de soins zéro net, p. ex. NHS
britannique : émissions liées aux soins | 57 %

Désinvestissement des prestataires de santé :

42 Md$
La recherche sur la santé et le climat a été
multipliée par 8

Bénéfice économique de 1,5 °C : 600
000 Md$

« main-d'ceuvre en meilleure
santé, colts de santé réduits

Rapport Lancet Countdown 2020
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iNTERGOVERNMENTAL
PANEL ON CLIMATE
CHANGE 1990

Crédits : Victor Ndula 2009

L'IA pourrait aider a atteindre 45 % des

Figure 6. Al-ena M?s!’cigﬁtjiospogsaleglj asutoﬂzngv;é an!n tions to meet more than one-fifth of

their Paris Agreement emission goals by 2030

Evolution of Economic Emissionz Intenzity Pathway: for the automotive zector

= S SRR R—
% =
g3
3e —— e =—-
= E 1
¥
b
is @
£ (x4
w
W
g =
e
2
g
s
: = ©
B205 pathway {For Emiting global warming to 1.755C per IEA and Paris Agreement)

— “Arenabled” pathway
— Bxselne Huziness-as-usual) pathway

Rapport du Capgemini Research Institute 2020
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A manier avec précaution 8

Top scientists call for caution over artificial intelligence

Artificial intelligence has the potential to eradicate disease and poverty, say
world's top scientists, but researchers must not create something which
cannot be controlled

Planetary Health Informatics Group | safalkhalid@ndorimsiox.deculareiully considered, say scientists ¢ E
Centre for Statistics in Medicine | University of Oxford | @CSM_Oxford | @PHI_Oxford 56
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Nous avons le choix

Homme des
cavernes

La « premiere »
roue
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. . La premiere roue (pas un
Le choix nous appartient donut !)

OXFORD

AV

/“\\\
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. . La premiere roue (pas un
Le choix nous appartient donut !)

OXFORD

...Je suis plutot
doué en poterie

AV

/“\\\
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r
A

Notre monde se rechauffe rapidem

RCP2.6 RCP8.5
(a) Change in average surface temperature (1986-2005 to 2081-2100)

[ (°C)  GIEC ARS 2014
2 3 4 5 7 9 "

« Le changement climatique est la plus grande menace sanitaire mondiale du

XXIe siecle » .
Rapport de la Lancet Commission 2009

« S'attaquer au changement climatique pourrait étre la plus grande
opportunité sanitaire mondiale du XXIe siecle »

Planetary Health Informatics Group | sara.khalid@ndorms.ox.ac.uk

Rapport de la Lancet Commission 2015
Centre for Statistics in Medicine | University of Oxford | @CSM_Oxford | @PHI_Oxford 60


mailto:sara.khalid@ndorms.ox.ac.uk

/.—\ innovative
OHDSI &

| medicines
. o~ |iNitiative
OBSERVATIONAL HEALTH DATA SCIENCES AND INFORMATICS

EUROPEAN HEALTH DATA & EVIDENCE NETWORK

N

® ul
b.ﬂbamk UK I;ealthgata

Research Alliance

L -
TARY
LTH UNIVe,.
ANCE f ﬁ %
T
T 34.&(‘5‘,0
'S ’ 'ﬁ "ej‘;l ‘Y,l A i\v\
- IDIAP >
Sz
e 2% The Centre for Ethnic
',0 pTI MA - Health Research
national centre for tackling health inequalities
T o ——

¥ Shaukat Khanum

Memorial Cancer Hospital

#< and Research Centre

1ISGlobal institute for

Oxford Biomedical
Research Centre

NIHR

Global Health

' ANASA
FRONTIER
/ DEVELOPMENT LAB

NATIONAL

™ o e
N Natural

Environment BILL &

Research Council LL

ME LGIN DA LONDON AA
ATES z (i
foundation E’X{GOI}!EI‘:(I‘\,]AII‘:, 0

MEDICINE

#HDRUK

Health Data Research UK

» cidacs

Centro de Integracdo de Dados
e Conhecimentos para Saude

AMGEN

The

Alan Turing
Institute

P HEL \

Planetary Health Informatics

Ministério da Saude

3

=
FIOCRUZ IT
Fundacao Oswaldo Cruz L J

Instituto Gongalo Moniz

Pharma

British Heart Foundation
Data Science Centre

Led by Health Data Research UK

Bl

"'

LUMS

The Planetary Health Informatics Lab | sara.khalid@ndorms.ox.ac.uk

Centre for Statistics in Medicine | University of Oxford | @CSM_Oxford | @PHI_Oxford


mailto:sara.khalid@ndorms.ox.ac.uk

R o

Climate Change Al

(CENTRE for STATISTICS in VEDICINE

UNIVERSITY OF

0),4:10)24D
L’intelligence artificielle pour la

santé planétaire

Défis, opportunités et choix humains

Ecole d’été Climate Change AI 2024 : série Climat et santé

Sara Khalid BE Msc DPhil Oxon

Professeure associée | Centre for Statistics in

Medicine Responsable | Planetary Health Informatics ﬁ Planetary
Lab =] Health
Université d’Oxford TH“ Informatics
sara.khalid@ndorms.ox.ac.uk = '

WWW.csm.ox.ac.uk |

7~~~ mni 111 ~ L 1



UNIVERSITY OF

0),4:0)23),

Planetary Health Informatics



https://www.ndorms.ox.ac.uk/research/research-groups/planetary-health-informatics
https://www.ndorms.ox.ac.uk/research/research-groups/planetary-health-informatics

Un appel a I'action

A JOINT. INITIATIVE OF THE STOCKHOLM RE.SILIEHCE CENTRE AT STOCKHOLM
UNIVERs}TV THE BEIJER INSTITUTE OF ECOLOGICAL ECONOMICS AT THE ROYAL
SWEDISH ACADEMY OF SCIENCES 'E PRINCETON INSTITUTE FOR

ﬁ)/" INTERN'ATIONAL AND REG‘IONAL STUDIES AND, TﬁE URBAN SYSTEMS LAB AT;HE
' - NEW SCHOOL

Climate Change Al

& 439
/&

}?&' i‘;}%— ) METHANE LEAKS @

-
IQ 1@5 F 1 4 =

ENERGY FORECASTS ! \
CEMENT & STEEL PRODUCTION INDUSTRY

ELECTRICITY SYSTEMS &’ "&‘
é:? /

NEWMATERIALS
CROP.
YIELD

Po———— 1 \ @
ACTUAL @ TRANSPORTATION

¥ OBSERVATIONS

PRECISION AGRICULTURE FIG S FONERTE

~ i
. G e
N <
%
\ @ BIKE SHARING
TY &

&:ﬁ%ﬁ.\
Climate Informatics mad_ ‘ 1

ELECTRIC VEHICLES

e FE :,“‘. o i REMANNG RANGE :
An open community at the intersection of climate science and K
data science

” o CompSustNet

Computational Sustainability Network
Planetary Health Informatics Group | sara.khalid@ndorms.ox.ac.uk

Centre for Statistics in Medicine | University of Oxford | @CSM_Oxford | @PHI_Oxford

64


mailto:sara.khalid@ndorms.ox.ac.uk

