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Abstract  Global  warming  is  a  result  of  the  increased  emission  of  greenhouse  gases.  The  con-
sequences of  this  climate  change  threaten  society,  biodiversity,  food  and  resource  availability.
The consequences  include  an  increased  risk  of  cardiovascular  (CV)  disease  and  cardiovascular
mortality.

In this  position  paper,  we  summarize  the  data  from  the  main  studies  that  assess  the  risks
of a  temperature  increase  or  heat  waves  in  CV  events  (CV  mortality,  myocardial  infarction,
heart failure,  stroke,  and  CV  hospitalizations),  as  well  as  the  data  concerning  air  pollution  as
an enhancer  of  temperature-related  CV  risks.  The  data  currently  support  global  warming/heat
waves (extreme  temperatures)  as  cardiovascular  threats.  Achieving  neutrality  in  emissions  to
prevent global  warming  is  essential  and  it  is  likely  to  have  an  effect  in  the  global  health,
including the  cardiovascular  health.  Simultaneously,  urgent  steps  are  required  to  adapt  the
society and  individuals  to  this  new  climatic  context  that  is  potentially  harmful  for  cardiovascular
health. Multidisciplinary  teams  should  plan  and  intervene  healthcare  related  to  temperature
changes and  heat  waves  and  advocate  for  a  change  in  environmental  health  policy.
© 2023  Sociedade  Portuguesa  de  Cardiologia.  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/).

PALAVRAS-CHAVE
Aquecimento  global;
Ondas  de  calor;
Poluição do  ar;
Doença
cardiovascular;
Doença cardíaca
isquémica;
Doença
cerebrovascular;
Carga  da  doença

Aquecimento  global,  ondas  de  calor  e  risco  de  doenças cardiovasculares:  documento
de  posição da  Sociedade  Portuguesa  de  Cardiologia

Resumo  O  aquecimento  global  é  uma  das  consequências  do  aumento  da  emissão  de  gases
com efeito  de  estufa.  Essa  consequência  das  alterações  climáticas  é  uma  ameaça  à  sociedade,
à biodiversidade  e  à  disponibilidade  de  recursos  e  alimentos.  As  consequências  para  a  saúde
do aquecimento  global  incluem  o  aumento  do  risco  de  doenças  cardiovasculares  (CV)  e  da
mortalidade  cardiovascular.

Neste  position  paper  resumimos  os  dados  dos  principais  estudos  que  avaliam  o  risco  do
aumento  de  temperatura  ou  a  exposição  a  ondas  de  calor  nos  eventos  CV  (mortalidade  CV,
enfarte do  miocárdio,  insuficiência  cardíaca,  acidente  vascular  cerebral  e  hospitalizações  CV),
assim como  os  dados  relativos  à  poluição  do  ar  como  um  potenciador  dos  riscos  de  eventos  CV
relacionados  com  o  aumento  da  temperatura.  Os  dados  atualmente  disponíveis  confirmam  que
o aquecimento  global  e  as  ondas  de  calor  (temperaturas  extremas)  são  ameaças  cardiovascu-
lares. Nesse  contexto,  a  neutralidade  nas  emissões  deve  ser  um  objectivo  prioritário,  de  modo  a
reduzir o  aquecimento  global  e,  desse  modo,  reduzir  o  seu  impacto  na  saúde  global,  inclusive  a
saúde cardiovascular.  Simultaneamente,  deverão  ser  empregues  medidas  urgentes  de  adaptação
setorial  ao  novo  contexto  climático,  potencialmente  mais  nefasto  para  a  saúde  cardiovascular.
Equipes multidisciplinares  devem  planear  e  intervir  nos  cuidados  de  saúde  relacionados  com  o
calor e  discutir  as  políticas  de  saúde  relacionadas  com  o  ambiente.
© 2023  Sociedade  Portuguesa  de  Cardiologia.  Publicado  por  Elsevier  España,  S.L.U.  Este é  um
artigo Open  Access  sob  uma  licença  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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limate  change  refers  to  a  shift  in  seasonal  temperatures,
ainfall,  drought,  and  wind  patterns  and  is  often  associ-
ted  with  disasters  such  as  hurricanes,  wildfires  and  floods.
lobal  warming  is  one  of  the  most  prominent  features  of

ecent  climate  change  and  the  2010---2019  decade  was  the
armest  on  record.

Global  warming  and  the  increase  in  extreme  heat
vents  seem  to  be  caused  by  a  dramatic  increase  in  the

oncentration  of  gases  that  promote  the  greenhouse  effect,
articularly  carbon  dioxide,  methane  and  nitrous  oxide.1

he  overall  effect  is  deleterious  for  nature  including
iodiversity,  food  and  resources  availability  and  human

g
a
l

10
ealth.  Air  pollution  plays  an  important  role  in  the
nteraction  between  global  warming  and  several  medical
onditions,  however  but  the  specific  contributions  of  each
actor  have  not  been  not  well  established.  In  cardiovascular
iseases,  the  main  cause  of  death  worldwide,  air  pollution,
ncreases  the  risk  of  cardiovascular  events.2 Environmental
actors,  including  global  warming,  are  thought  to  play  a
ole  in  the  risk  of  cardiovascular  disease  and  events.3 This
nformation  needs  to  be  emphasized  so  decision-makers
an  properly  acknowledge  the  potential  consequences  of
limate  change.  A  call  to  further  action  is  needed  to  limit

lobal  temperature  rises  and  the  inherent  risks  for  global
nd  cardiovascular  health.  This  position  paper  explores  the
ink  between  global  warming  and  CV  diseases,  retrieving
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Table  1  Systematic  reviews  evaluating  the  impact  of  temperature  and/or  heatwaves  on  cardiovascular  morbi-mortality  and
the interaction  with  air  pollution.

Systematic
review

Design  Location  Exposure  Search  date  Studies  Main  findings

Cheng
Environ  Res
2019

Systematic  review
of observational
studies

20  countries  Heatwaves  2018  54  Heatwaves  increase
the  mortality  of
cardiovascular  and
respiratory  diseases

Phung
Sci Total
Environ
2016

Systematic  review
of time-series
studies,
case-crossover,
cohort  studies

Multiples
countries

Heatwaves  N/R  64  Significant
relationship  exists
between  cold
exposure,  heat
waves,  and  variation
in  diurnal
temperature  and  the
elevated  risk  of
cardiovascular
hospitalization

Liu
Lancet
Planet
Health
2022

Systematic review
of observational
studies  using
ecological  time
series,  case
crossover,  or  case
series  studies

Multiple
countries

Increase  in
temperature;
heatwaves

2022  266  Moderate-to-high
quality  evidence  show
that  cardiovascular
mortality  and
morbidity  are
increased  in  heat
exposures

Systematic review Studies/estimates  Interaction  of
temperature/heat  with:

Overall  conclusions

Analitis  et  al.,
2018
PHASE  project

Daily  values  of
exposure  and
health  outcome
from  nine  cities
across  Europe

PM10  and  cardiovascular
mortality:  enhancer

Evidence  of  interactive
effects  between  heat  and
the  levels  of  ozone  and
PM10  in  terms  of  mortality

Anenberg 2020 39  studies  Air  pollution  in
cardiovascular  and
respiratory  diseases  or
mortality:  enhancer

There  is  sufficient  evidence
for synergistic  effects  of
heat  and  air  pollution  in
all-cause  mortality,
cardiovascular,  and
respiratory  effects  (PM  and
O3 in  particular
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N/R: not reported; PM: particulate matter.

vidence  from  systematic  reviews  on  the  subject.  Its  goal  is
wo  fold:  on  the  one  hand  to  draw  attention  to  this  emerging
roblem  and  on  the  other  to  issue  recommendations  for
his  field.

lobal warming and cardiovascular disease

old  weather  has  consistently  been  recognized  as  a  clas-
ic  trigger  for  cardiovascular  disease,  and  studies  support
his  association.4,5 Several  studies  also  point  to  the  effect
f  extreme  heat  on  increasing  the  incidence  of  mortality.
t  is  therefore  essential  to  explore  the  links  between  this

otential  risk  factor/trigger  and  cardiovascular  disease.

The  main  mechanisms  that  explain  the  global  warm-
ng  and  increased  temperatures  as  a  cardiovascular  risk
actor  are  related  to  an  imbalance  of  the  autonomic  ner-

l

p
t

10
ous  system  towards  an  increased  sympathetic  tone  due
o  thermoregulation  mechanisms,  blood  pressure  lowering,
nd  dehydration  due  to  high  temperatures.  In  these  cir-
umstances,  there  is  rise  in  heart  rate  and  cardiac  output,
hich  increases  myocardial  demands.  These  changes  can
lso  induce  systemic  inflammation  and  lead  to  a  prothrom-
otic  state,  placing  additional  strain  on  the  cardiovascular
ystem,6 predisposing  vulnerable  individuals  to  atheroscle-
otic  plaque  rupture  and  to  a  subsequent  increase  in  the
isk  of  myocardial  infarction.  Therefore,  the  relationship
etween  cardiovascular  disease  and  temperature  seems  to
e  U-shaped  (or  J-shaped).  The  lower  risk  nadir  has  not
stablished  and  may  vary  geographically.  However,  in  many

ocations,  it  varies  between  18  and  20 ◦C.7,8

Patients  with  heart  failure  may  not  be  capable  of  com-
ensating  for  this  increase  in  sympathetic  response,  leading
o  acute  heart  failure  episodes.  The  association  between

19
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Figure  1  Risks  of  cardiovascular  disease  associated  with  increased  temperature  or  heat  waves.  ACS:  acute  coronary  syndrome;
C ovasc
r

h
a
g
b
t

A
b
warming) and cardiovascular events
HD: coronary  heart  disease;  CI:  confidence  interval;  CV:  cardi
isk.

eat  exposure  and  mortality  from  respiratory  diseases  is
nother  possible  connection  that  should  not  be  disre-
arded.  It  also  suggests  that  increased  temperature  may
e  associated  with  right  heart  failure  ---  cor  pulmonale

ype.

I
a

10
ular;  HF:  heart  failure;  MI:  myocardial  infarction;  RR:  relative

ggregated evidence for the association
etween increased temperatures (global
n  order  to  review  the  association  between  air  pollution
nd  cardiovascular  events,  a  search  was  performed  in  MED-
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can  increase  2.5-fold  during  a  heat  wave  compared  with  a
reference  period.21

Mean  temperatures  have  been  increasing  at  a  rate
of  0.2 ◦C  per  decade.  However,  an  acceleration  in  the
Revista  Portuguesa  de  Car

INE  and  Cochrane  databases  (CENTRAL  and  Database  of
ystematic  reviews)  to  retrieve  the  aggregated  evidence
rom  systematic  reviews  using  Boolean  combinations  of
he  keywords  ‘‘climate’’,  ‘‘heat’’,  ‘‘global  warming’’,  ‘‘air
ollution’’,  ‘‘coronary  disease’’,  ‘‘myocardial  infarction’’,
‘stroke’’,  ‘‘heart  failure’’,  as  well  as  some  variation  of
hese  terms.  For  each  outcome  of  interest,  the  authors
hose  one  based  on  their  updating  and  representativeness.

Three  systematic  reviews  provided  the  risk  estimates  for
ardiovascular  events  associated  with  increased  tempera-
ure  (Table  1  and  Figure  1).

In  2016,  Phung  et  al.  published  a  review  of  64  studies
xamining  the  dose-response  relationship  of  cardiovascular
ospitalization  according  to  the  temperature.9 The  authors
oncluded  that  there  was  a  significant  relationship  between
xposure  to  the  cold,  heat  waves,  and  variation  in  daytime
emperature  and  the  risk  of  cardiovascular  hospitalizations.9

Cheng  et  al.  assessed  cardiovascular  and  respiratory  mor-
idity  associated  with  heat  waves.10 Using  the  data  from
4  studies  performed  in  20  countries,  we  concluded  that
eat  waves  were  associated  with  an  increased  risk  of  mor-
ality  from  both  cardiovascular  and  respiratory  diseases.10

atient  characteristics  associated  with  increased  mortality
ere  advanced  age  and  the  presence  of  coronary  artery  dis-
ase,  stroke,  heart  failure  or  chronic  obstructive  pulmonary
isease.10

The  largest  systematic  review  with  meta-analysis  on  the
ffects  of  heat  exposure  on  CV  risks  was  published  in  2022
y  Li  et  al.  in  Lancet  Planet  Health.11 This  systematic
eview  included  266  studies.8 Heat  exposure  expressed  as  an
ncrease  of  1 ◦C  in  temperature  was  shown  to  increase  the
elative  risk  of  overall  cardiovascular  mortality  by  2.1%.11

he  risks  of  death  due  to  coronary  artery  disease,  stroke
nd  heart  failure  were  also  increased.  The  risk  of  cardiovas-
ular  death  was  high  in  people  aged  65  or  older  (an  increase
f  1.7%  in  the  relative  risk)  compared  with  those  less  than
5  years  old  (an  increase  of  0.9%).  Lower-middle-income
ountries  also  presented  increased  cardiovascular  mortal-
ty  risks  compared  to  high-income  countries.11 Regarding
ardiovascular  morbidity  (hospital  admissions,  emergency
epartment  admissions  or  ambulance  call-outs),  this  out-
ome  was  significantly  increased  by  0.5%  (RR  1.005,  95%
I  1.003---1.008),  despite  the  reduction  in  the  incidence
f  morbidity  due  to  hypertensive  disease.  Once  again,
ower-middle  income  countries  had  the  highest  increases  in
ardiovascular  morbidity  risk.

The  cardiovascular  risks  of  heat  waves  were  also
scertained.11 Heat  waves  were  associated  with  a  signi-
cantly  increased  risk  of  11.7%  (relative  risk  (RR)  1.117,
5%  confidence  interval  (CI)  1.093---1.141)  with  a  higher
isk  gradient  according  to  the  intensity  of  the  heat
ave.

Overall,  using  the  Navigation  Guide  framework,  the
uthors  concluded  that  the  current  evidence  is  of  high  qual-
ty  to  link  high  temperatures  and  heat  waves  to  CV  mortality,
nd  moderate  quality  to  link  high  temperatures  and  heat
aves  to  CV  morbidity.11
10
gia  42  (2023)  1017---1024

vidence of the interaction between air
ollution and temperature and cardiovascular
utcomes

ata  suggest  that  the  variation  of  air  pollutants  and  tem-
erature  and  its  association  with  cardiovascular  outcomes
ay  suffer  from  confounding  bias  due  to  collinearity.12 This
eans  that  pollution  may  influence  temperature  and  vice-

ersa,  varying  in  the  same  direction  regarding  cardiovascular
isks.13,14 Nevertheless,  there  is  enough  evidence  to  show
hat  both  factors  exert  an  independent  or  synergistic  effect
n  health  outcomes  (Table  1).15

It  is  important  to  highlight  two  studies  that  ascertained
he  potential  interactions  between  temperature  and  air  pol-
ution  in  cardiovascular  outcomes.16,17

The  PHASE  project  published  in  2018  evaluated  the  daily
ata  of  nine  European  countries  (Valencia  and  Barcelona
ere  the  closest  cities  to  Portugal  in  this  study).16 Using

 random  effect  meta-analysis,  the  authors  concluded  that
igher  levels  of  (a  type  of  inhalable  particles,  with  a  diam-
ter  of  less  than  10  �m  that  constitutes  an  element  of
tmospheric  pollution)  further  increase  cardiovascular  mor-
ality  risk  due  to  the  temperature  rise.16

Anenberg  et  al.  evaluated  the  evidence  qualitatively  and
oncluded  that  the  data  from  36  studies  were  sufficient  to
etermine  the  existence  of  synergistic  effects  of  heat  and
ir  pollution  (particulate  matter  and  ground-level  ozone  in
articular)  on  all-cause  mortality,  cardiovascular,  and  respi-
atory  effects.17

erspectives about global warming
nd  cardiovascular disease

lobal  warming  has  resulted  in  a  1 ◦C  increase  in  the
ean  global  temperature  compared  with  the  pre-industrial
eriod.18

According  to  the  currently  available  data,  global  warming
as  increased  the  relative  risk  of  cardiovascular  mortality
y  2%,  which  is  extremely  relevant  in  absolute  numbers  as
ardiovascular  mortality  has  been  the  leading  cause  of  death
orldwide.

One  of  the  consequences  of  global  warming  is  the
xtreme  heat  events  that  have  become  more  frequent  in
ome  regions  of  the  world.  For  example,  in  2018,  there
as  an  excess  of  220  million  individual  heat  wave  exposures
ompared  with  the  average  of  1986---2005.19

The  2003  and  2022  heat  waves  that  occurred  in  Europe
re  a  good  examples.  To  acknowledge  the  magnitude  of  the
mpact  of  heat  waves,  it  is  estimated  that  in  2003,  more
han  70  000  deaths  resulted  from  this  event,  some  of  which
ere  probably  due  to  cardiovascular  causes,  with  more  than
ne-third  occurring  in  France,  Italy  and  Spain.20 There  is  also
vidence  that  the  number  of  out-of-hospital  cardiac  arrests
21
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emperature  increase  forecasts  a  global  increment  in  the
elative  temperature  of  1.5 ◦C  for  the  next  decades.18 Keep-
ng  global  temperature  increases  below  the  threshold  of
.5 ◦C  may  prevent  several  complications  including  cardio-
ascular  events  and  deaths  related  with  heat  waves,  for
xample.

One  of  the  pillars  of  the  intervention  to  reduce  the  pace
f  global  warming  is  the  reduction  of  air  pollution.  The  Paris
greement  in  2015  aimed  to  reach  global  peaking  of  green-
ouse  gas  emissions  as  soon  as  possible  to  achieve  neutrality
n  emissions  and  a  zero-carbon  policy  in  the  middle  of  this
entury.  Avoiding  air  pollution  is  part  of  a  plan  to  tackle
limate  change,  aiming  at  protecting  society  and  patients
rom  global  warming,  particularly  those  with  a  higher  vul-
erability  of  (cardiovascular)  complications,  including  the
lderly,  patients  with  multiple  comorbidities  and  those  with
ow  socio-economic  condition.22

The  adaptation  of  society  to  the  global  warming  threat
oses  new  challenges  in  different  sectors.  One  remark-
ble  aspect  is  the  reorganization  of  the  urban  environment
o  tackle  global  warming  conditions.  Firstly,  it  is  esti-
ated  that  half  the  world’s  population  live  in  urban  areas,
hich  are  responsible  for  the  consumption  of  two-thirds  of
lobal  energy  and  more  than  70%  of  global  greenhouse  gas
missions.23 Urban  environments  are  also  prone  to  air  pollu-
ion/poor  air  quality,  which  contributes  to  the  development
f  cardiovascular  disease.2 Cities  are  also  prone  to  heat
sland  effects.24 The  high  number  of  buildings  and  impervi-
us  construction  materials,  with  concomitant  loss  of  trees,
reen  space  and  reduced  ventilation,  leads  to  heat  accu-
ulation.  A  retrospective  study  evaluating  the  risk  factors

ontributing  to  excess  mortality  during  the  2003  heat  wave
n  France  found  that  higher  surface  temperature  in  the  areas
urrounding  homes  was  associated  with  an  increased  risk  of
ortality,  while  the  presence  of  trees  and  vegetation  was

ound  to  be  protective.24

At  an  individual  level,  despite  the  absence  of  robust
ata  on  interventions  to  prevent  heat-related  cardiovascu-
ar  disease,  it  is  reasonable  to  conceive  that  adaptation  to
armer  temperatures  (particularly  in  heat  waves)  can  be

imple.  Individuals  should  protect  themselves  from  expo-
ure  during  critical  periods,  dress  lightly  and  use  light
edding  and  sheets,  without  pillows.  They  should  stay
ydrated  by  ingesting  water,  but  avoiding  the  consumption
f  alcoholic  beverages.  Individuals,  should  also  use  cooling
echniques  and  devices  such  as  air  conditioning  units.24,25

n  some  cases,  the  cooling  of  homes  through  passive  mea-
ures  can  be  crucial  to  ensure  nocturnal  rest  and  recovery.
hose  with  poor  mobility  and  with  previous  medical  condi-
ions/comorbidities  were  at  increased  risk  of  complications,
urther  stressing  the  concept  of  vulnerable  subgroups  that
ight  be  the  target  of  priority  interventions.  It  is  also  advis-

ble  to  monitor  patients  for  possible  drops  in  blood  pressure
uring  heat  waves  and  instruct  them  on  how  to  proceed
o  avoid  clinically  relevant  hypoperfusion  syndromes  (which
ay  include  adjustments  in  drug  therapy).
A  multidisciplinary  collaboration  framework  should  be

mplemented  by  policymakers  and  healthcare  professionals,

ncluding  primary  care  and  public  health  professionals  and
hysicians  of  different  specialities,  including  cardiologists,
o  foster  care  for  the  prevention  of  cardiovascular  heat-
elated  complications.  Together  they  can  plan  potential
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ommunity  interventions  and  awareness  raising  campaigns
dvocating  for  individual-  or  community-level  interven-
ions  and  global  measures  to  improve  air  pollution,  climate
hanges  and  health  outcomes.

These  much-needed  political  changes  will  reduce  the  CVD
urden  for  future  generations,  but  we  must  also  consider
he  immediate  implications  for  preventing  and  treating  car-
iovascular  diseases.  We  need  to  increase  awareness  and
nable  patients  with  CVD  to  take  preventive  measures.

eal-world data local evidence of global
arming: the case of Lisbon, Portugal

1970---2019)

ortugal  is  well  known  for  its  frequent  heat  waves  and  their
epercussions  on  human  mortality  and  morbidity.  Portugal
as  had  an  operational  heat  wave  surveillance  system,  the
rst  in  Europe,  since  1999.26 This  system  was  based  on
he  ÍCARO  model  for  Lisbon  and  was  later  updated.27 The
pdated  version  included  knowledge  gathered  from  the  pro-
onged  heat  wave  of  2003  that  was  felt  across  Europe,  and  it
as  used  to  improve  the  model  for  Lisbon  and  four  regional
odels  covering  all  of  Portugal’s  mainland.
Currently,  there  are  some  variables  that  reflect  the

agnitude  and  frequency  of  heat  waves.  One  of  the  indi-
ator  is  the  Excess  Heat  Factor  (EHF),  an  internationally
sed  indicator,  which  accounts  for  the  intensity  of  the
emperature  and  also  for  the  previous  days  short-term
cclimatization/disruption.28 Another  group  of  indicators  is
omposed  by  the  Generalized  Accumulated  Thermal  Over-
harge  (GATO)  indicators  which  is  used  in  the  Portuguese
CARO  Model/Surveillance  System.  GATO  IV  is  one  of  such
ariables  that  uses  a  dynamic  threshold  across  the  summer
eeks  to  assess  heat  waves.27

In  2020,  a  comparison  of  the  EHF  and  GATO  IV  for  their
redictive  power  for  daily  cardiorespiratory  mortality  in  Lis-
on  (1980---2016)  showed  that  both  indicators  were  good
redictors  for  heat-related  mortality,  with  significant  pre-
ictive  advantages  for  GATO  IV.29

The  number  of  days  exceeding  the  GATO  IV  and  EHF  in  Lis-
on  point  out  the  sustained  increase  and  potentially  harmful
ffects  across  decades  (Figure  2  A).  Supplementary  Table  1
how  that  the  four  GATO  indicators  used  by  the  Portuguese
CARO  models  in  Lisbon  (corresponding  to  different  thresh-
lds  increasing  in  their  complexity)  and  the  EHF  indicator
ary  in  their  magnitudes,  but  they  all  show  a  global  increase
ver  the  last  decades.

Additionally,  and  using  the  Global  Historical  Climatol-
gy  Network  (GHCN)  daily  data  from  Portuguese  Stations,
n  particular  of  ‘‘Lisboa  Geofísica’’  ---  Station  PO000008535
--  available  at  https://www.ncdc.noaa.gov/cdo-web/  in
ovember  2022,  it  is  noticeable  that  there  was  a  long-term
verall  increase  in  temperature  in  Lisbon  from  1970  to  2019
Figure  2B).

In conclusion,  there  is  evidence  that  for  Lisbon  (Portu-
al),  temperatures  and  the  number  of  days  of  extreme  heat
otentially-related  to  mortality  have  been  increasing  for  the

ast  five  decades.

Climate  projections  for  the  Lisbon  region  indicate  that
here  will  be  a  substantial  thermal  aggravation  in  all  sea-
ons  of  the  year,  although  more  pronounced  in  autumn  and

22

https://www.ncdc.noaa.gov/cdo-web/


Revista  Portuguesa  de  Cardiologia  42  (2023)  1017---1024

F ding  

q  of  d

s
+
m
t
a
r
d
f
e
o

P

G
c
i

g
a
d

a
A
s
c
a
d

C

T

A

S
a
d

R

1

1

1

igure  2  Panel  A  ---  Evolution  of  days  with  temperatures  excee
uantiles in  Lisbon,  Portugal  (1970---2019).  t  index  day:  number

ummer,  with  increases  in  the  maximum  temperature  from
1.5 ◦C  to  +3.5 ◦C  by  2100.30 These  forecasts  also  include
ore  frequent  and  persistent  heat  waves  in  Lisbon  and

hat  heat  wave  days  could  increase  by  +23  days  per  year
t  the  end  of  the  century.  Bioclimatic  comfort  projections
einforce  this  trend,  revealing  a  marked  decrease  in  cold
iscomfort  as  well  as  a  general  worsening  of  heat  discom-
ort  in  the  Lisbon  Metropolitan  Area.  These  data  led  to  the
ffects  of  heat  on  human  health  being  prioritized  in  terms
f  sector  adaptations.30

osition statement/conclusion

lobal  warming  and  heat  waves  are  consequences  of  the
limate  and  increase  the  risk  of  cardiovascular  diseases,
ncluding  cardiovascular  mortality.

Air  pollution,  particularly  prevalent  in  cities,  promotes
lobal  warming,  increases  the  risk  of  cardiovascular  events
nd  is  an  enhancer  of  the  risk  for  temperature-related  car-
iovascular  events.

Multidisciplinary  teams  should  tackle  the  increased  risk
nd  inequities  in  heat-related  cardiovascular  complications.
t  a  higher  level,  these  teams  should  also  advocate,  along-
ide  the  government  and  policymakers,  the  importance  of
omplying  with  measures  that  prevent  global  warming,  such
s  fulfilling  the  Paris  Agreement’s  targets  to  mitigate  car-
iovascular  and  global  health  risks.

onflicts of interest

he  authors  have  no  conflicts  of  interest  to  declare.

ppendix A. Supplementary data
upplementary  material  associated  with  this
rticle  can  be  found  in  the  online  version  at
oi:10.1016/j.repc.2023.02.002.

1

10
the  threshold  for  heat  days.  Panel  B  ---  Evolution  of  temperature
ays  since  1st  January  1901.

eferences

1. WMO Greenhouse Gas Bulletin. The state of greenhouse gases
in the atmosphere based on global observations through 2020.
Geneva, Switzerland: World Meteorological Organization; 2021.
p. 17.

2. Caldeira D, Franco F, Baptista SB, et al. Air pollution and
cardiovascular diseases: a position paper. Rev Port Cardiol.
2022;41:709---17.

3. Organization WH. Ambient air pollution: a global assessment of
exposure and burden of disease. 2016.

4. Nawrot TS, Perez L, Künzli N, et al. Public health importance
of triggers of myocardial infarction: a comparative risk assess-
ment. The Lancet. 2011;377:732---40.

5. Vieira S, Santos M, Magalhães R, et al. Atmospheric features
and risk of ST-elevation myocardial infarction in Porto (Portu-
gal): a temperate Mediterranean (Csb) city. Rev Port Cardiol.
2022;41:51---8.

6. Bouchama A, Knochel JP. Heat stroke. N Engl J Med.
2002;346:1978---88.

7. Chen K, Breitner S, Wolf K, et al. Temporal variations in the trig-
gering of myocardial infarction by air temperature in Augsburg,
Germany, 1987---2014. Eur Heart J. 2019;40:1600---8.

8. Curriero FC, Heiner KS, Samet JM, et al. Temperature and mor-
tality in 11 cities of the eastern United States. Am J Epidemiol.
2002;155:80---7.

9. Phung D, Thai PK, Guo Y, et al. Ambient temperature and risk
of cardiovascular hospitalization: an updated systematic review
and meta-analysis. Sci Total Environ. 2016;550:1084---102.

0. Cheng J, Xu Z, Bambrick H, et al. Cardiorespiratory effects
of heatwaves: a systematic review and meta-analysis of global
epidemiological evidence. Environ Res. 2019;177:108610.

1. Liu J, Varghese BM, Hansen A, et al. Heat exposure and
cardiovascular health outcomes: a systematic review and meta-
analysis. Lancet Planet Health. 2022;6:e484---95.

2. Sillmann J, Aunan K, Emberson L, et al. Combined impacts of
climate and air pollution on human health and agricultural pro-

ductivity. Environ Res Lett. 2021;16:093004.

3. Turner LR, Barnett AG, Connell D, et al. Ambient tem-
perature and cardiorespiratory morbidity. Epidemiology.
2012;23:594---606.

23

http://dx.doi.org/10.1016/j.repc.2023.02.002
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0155
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0160
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0165
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0165
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0165
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0165
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0165
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0165
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0165
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0165
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0165
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0165
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0165
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0165
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0165
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0165
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0165
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0170
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0175
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0180
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0180
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0180
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0180
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0180
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0180
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0180
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0180
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0180
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0180
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0180
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0180
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0180
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0180
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0180
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0180
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0180
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0185
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0190
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0195
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0200
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0205
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0210
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0215


ores,

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

https://www.aml.pt/susProjects/susWebBackOffice/upload
Files/wt1wwpgf aml sus pt site/componentPdf/SUS5E6B9B
D.  Caldeira,  H.  D

4. Stafoggia M, Schwartz J, Forastiere F, et al. Does temperature
modify the association between air pollution and mortality?
A multicity case-crossover analysis in Italy. Am J Epidemiol.
2008;167:1476---85.

5. Basu R. High ambient temperature and mortality: a review
of epidemiologic studies from 2001 to 2008. Environ Health.
2009;8:40.

6. Analitis A, de’ Donato F, Scortichini M, et al. Synergistic effects
of ambient temperature and air pollution on health in Europe:
results from the PHASE project. Int J Environ Res Public Health.
2018;15:1856.

7. Anenberg SC, Haines S, Wang E, et al. Synergistic health effects
of air pollution, temperature, and pollen exposure: a sys-
tematic review of epidemiological evidence. Environ Health.
2020;19:130.

8. Chapter 1 --- Global warming of 1.5 ◦C. Available from:
https://www.ipcc.ch/sr15/chapter/chapter-1/.

9. Watts N, Amann M, Arnell N, et al. The 2019 report of the Lancet
Countdown on health and climate change: ensuring that the
health of a child born today is not defined by a changing climate.
The Lancet. 2019;394:1836---78.

0. Robine JM, Cheung SLK, Le Roy S, et al. Death toll exceeded
70,000 in Europe during the summer of 2003. C R Biol.
2008;331:171---8.

1. Empana JP, Sauval P, Ducimetiere P, et al. Increase in out-
of-hospital cardiac arrest attended by the medical mobile
intensive care units, but not myocardial infarction, dur-
ing the 2003 heat wave in Paris, France. Crit Care Med.

2009;37:3079---84.

2. Romanello M, McGushin A, di Napoli C, et al. The 2021 report
of the Lancet Countdown on health and climate change: code
red for a healthy future. The Lancet. 2021;398:1619---62.

10
 F.  Franco  et  al.

3. Münzel T, Sørensen M, Lelieveld J, et al. Heart healthy cities:
genetics loads the gun but the environment pulls the trigger.
Eur Heart J. 2021;42:2422---38.

4. Vandentorren S, Bretin P, Zeghnoun A, et al. August 2003 heat
wave in France: risk factors for death of elderly people living
at home. Eur J Public Health. 2006;16:583---91.

5. Benmarhnia T, Bailey Z, Kaiser D, et al. A difference-in-
differences approach to assess the effect of a heat action
plan on heat-related mortality, and differences in effective-
ness according to sex, age, and socioeconomic status (Montreal,
Quebec). Environ Health Perspect. 2016;124:1694---9.

6. Nogueira PJ, Nunes B, Dias C, et al. Um sistema de vigilância e
alerta de ondas de calor com efeitos na mortalidade: o índice
de Ícaro. Rev Port Saúde Públ. 1999;1:79---84.

7. Nogueira P, Paixão E. Models for mortality associated with heat-
waves: update of the Portuguese heat health warning system.
Int J Climatol. 2008;28:545---62.

8. Nairn J, Fawcett R. The excess heat factor: a metric for heat-
wave intensity and its use in classifying heatwave severity. Int
J Environ Res Public Health. 2014;12:227---53.

9. Morais L, Lopes A, Nogueira P. Which heatwave measure has
higher predictive power to prevent health risks related to heat:
EHF or GATO IV? --- evidence from modelling Lisbon mortality
data from 1980 to 2016. Weather Clim Extrem. 2020;30:100287.

0. Área Metropolitana de Lisboa. Climate change adaptation
plan for the Lisbon metropolitan area; 2020. Available from:
74C34BC/PMAAC AML P069 BROCHURA INSTITUCIONAL ENG
PMAAC-AML 30NOV2019 (1).PDF

24

http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0220
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0225
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0230
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0235
https://www.ipcc.ch/sr15/chapter/chapter-1/
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0245
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0250
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0255
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0260
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0265
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0270
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0275
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0280
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0285
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0290
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
http://refhub.elsevier.com/S0870-2551(23)00099-9/sbref0295
https://www.aml.pt/susProjects/susWebBackOffice/uploadFiles/wt1wwpgf_aml_sus_pt_site/componentPdf/SUS5E6B9B74C34BC/PMAAC_AML_P069_BROCHURA_INSTITUCIONAL_ENG_PMAAC-AML_30NOV2019_(1).PDF
https://www.aml.pt/susProjects/susWebBackOffice/uploadFiles/wt1wwpgf_aml_sus_pt_site/componentPdf/SUS5E6B9B74C34BC/PMAAC_AML_P069_BROCHURA_INSTITUCIONAL_ENG_PMAAC-AML_30NOV2019_(1).PDF
https://www.aml.pt/susProjects/susWebBackOffice/uploadFiles/wt1wwpgf_aml_sus_pt_site/componentPdf/SUS5E6B9B74C34BC/PMAAC_AML_P069_BROCHURA_INSTITUCIONAL_ENG_PMAAC-AML_30NOV2019_(1).PDF
https://www.aml.pt/susProjects/susWebBackOffice/uploadFiles/wt1wwpgf_aml_sus_pt_site/componentPdf/SUS5E6B9B74C34BC/PMAAC_AML_P069_BROCHURA_INSTITUCIONAL_ENG_PMAAC-AML_30NOV2019_(1).PDF

	Global warming and heat wave risks for cardiovascular diseases: A position paper from the Portuguese Society of Cardiology
	Introduction
	Global warming and cardiovascular disease
	Aggregated evidence for the association between increased temperatures (global warming) and cardiovascular events
	Evidence of the interaction between air pollution and temperature and cardiovascular outcomes
	Perspectives about global warming and cardiovascular disease
	Real-world data local evidence of global warming: the case of Lisbon, Portugal (1970–2019)
	Position statement/conclusion
	Conflicts of interest
	Appendix A Supplementary data
	References


