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Abstract  Iron  interactions  with  the  cardiovascular  system  were  proposed  about  half  a  century

ago, yet  a  clear-cut  understanding  of  this micronutrient  and  its  intricacies  with  acute  and

chronic events  is still  lacking.  In  chronic  heart  failure,  patients  with  decreased  iron  stores

appear  to  benefit  from  intravenous  administration  of  metallic  formulations,  whereas  acute

diseases (e.g.,  myocardial  infarction,  stroke)  are  barely  studied  in randomized  controlled  trials

in humans.  However,  proof-of-concept  studies  have  indicated  that  the  dual  redox  characteristics

of iron  could  be  involved  in  atherosclerosis,  necrosis,  and  ferroptosis.  To  this  end,  we  sought

to review  the  currently  available  body  of  literature  pertaining  to  these  temporal  profiles  of

heart diseases,  as well  as  the  pathophysiologic  mechanism  by  which  iron  enacts,  underlining

key points  related  to  treatment  options.

© 2022  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/).
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Metabolismo  do  ferro  e  doença  cardiovascular:  visão  de base  a translacional  e

abordagem  terapêutica

Resumo  As  interações  do  ferro  com  o sistema  cardiovascular  foram  propostas  há cerca  de

meio século;  falta  ainda,  no entanto,  uma  perceção  clara  sobre  esse  micronutriente  e sobre  as

suas complexidades  nos  eventos  agudos  e crónicos.  Na  insuficiência  cardíaca  crónica  os  doentes

com diminuição das reservas  de ferro  parecem  beneficiar  da administração  intravenosa  de

formulações metálicas,  enquanto  as  patologias  agudas  (por exemplo,  enfarte  do miocárdio,  AVC)

são pouco  estudadas  em  ensaios  controlados  aleatorizados  em  humanos.  No  entanto,  estudos

de prova  de  conceito  indicaram  que  a  dupla  característica  redox  do  ferro poderia  estar  impli-

cada na  inaterosclerose,  necrose  e  ferroptose.  Para  tal,  procurámos  rever  o  atual  conjunto  de
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literatura  disponível  sobre  estes  perfis  temporais  de doenças cardíacas,  bem  como  o  mecanismo

fisiopatológico  pelo  qual  o ferro  exerce  os seus  efeitos,  sublinhando  pontos-chave  relacionados

com as  opções  de  tratamento.

©  2022  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/).

Introduction

Cardiovascular  diseases  are  one of  the  leading  causes  of
death  in  the  modern  era  of  medicine;  heart  failure  (HF)
is  one  of  the major stepways  common  to  a plethora  of
such  diseases.  In 2016,  a third of  deaths was  attributable
to  cardiovascular  diseases,  with  the greatest  culprits  being
ischemic  heart  disease  and  stroke.1 Whereas  disability-
adjusted  life  years  owing  to  cardiovascular  disease  have
risen  to  the  first  place  compared  to  2000.2 As  the increase  in
longevity  of  the global  population  continues,  new  challenges
and  therapeutical  targets  are  being  pursued  in cardiovas-
cular  diseases,  particularly  in the  context  of  HF and  its
ancillary  diseases.

Normal  iron  levels  are paramount  to  a healthy  individ-
ual,  as  their  metabolism  is  involved  in  erythropoietic  cell
function  with  rapid  turnover  rates,  as  well  as  in the nor-
mal  functioning  of  cellular  enzymes  and organelles.  As  such,
iron  replenishment  is  advised  for  HF  patients  and  those
with  reduced  ejection  fraction  with  or  without  anemia,  but
with  established  decreased  blood  iron  levels;  although  given
the potential  for  increased  reactive  oxygen  species  (ROS)
generation3 and  inflammation,  concerns  regarding  effects
of  such  ambivalent  micronutrient  have  merit.4 Roughly
a quarter  of  patients  who  suffer  an acute  cardiovascu-
lar  event  [such  as  myocardial  infarction  (MI),  episodes  of
ischemia/reperfusion  (I/R),  stroke]  progress  to  overt  HF.5

While  the  administration  of  iron  appears  beneficial  in  the
chronic  milieu,  its  effects  in  atherothrombotic  occurrences
seem  less  encouraging,  thereby  this  review  brings  into  focus
the  potential  implications  of  therapeutical  iron  approaches
and  cardiovascular  diseases  in  an acute  and  chronic  setting.

Effects  of iron in cardiovascular  homeostasis

Iron  is an  indispensable  element  for  biological  life  and  is  used
at  the  molecular  level  for  mitochondrial  ATP production,
DNA  synthesis,  and  oxygen  ferrying  in the  erythrocytes.6

Its  two  valences  enable  redox  activity,  with  the  Fenton
reaction  inducing  the generation  of  ROS  along  with  dele-
terious  effects  on  the  cell’s  metabolism.  The  sites  of
action  for  iron  and iron  moieties  (heme,  iron-sulfide)  are
diverse,  ranging  from  the cell  cytoplasm,7 membrane,8 to
the  mitochondria.9 The  physiologic  pathway  of  iron begins
in  the  gut,  with  ingress  at the  apical  border  of  the ente-
rocyte.  Following  hepcidin-dependent  absorption  into  the
bloodstream,  iron  is  delivered  to cells  via membrane  trans-
ferrin  receptors  and  is further  regulated  within  the  cell by

specific  molecular  mechanisms.10 The  systemic  control  of
iron  homeostasis  is  regulated  in  an  endocrine  manner
through  hepcidin  release  from  the liver,  which  limits the
amount  of iron  absorbed  if iron  deposits  are  adequate
or  in case  of  inflammation/infection.11 In  turn,  hepcidin
is  controlled  by  oxygen  levels,  cell  proliferation  status,
erythropoiesis  requirements.  Intracellularly,  iron  response
proteins  influence  the fate  of  iron  handling.12

In  the setting  of  the cardiovascular  system,  the effects
of  iron are  increasingly  noted  both  in the  case  of  deficiency
and  excess,  and13,14 are  involved  in pathophysiologic  events.
The  putative  involvement  of  the mechanism  of  necrosis  and
organ  failure  during  ischemia/reperfusion  (I/R)  has  been
under  scientific  scrutiny.  Whereas  iron supplementation  was
found  to  be at least  symptomatically  beneficial  for estab-
lished  HF,15 increased  iron  deposition  was  found  to  be  partly
responsible  for  the development  of  I/R  injury.16

Iron  deficiency  is  postulated  to  be  one  of  the causes
of  deficient  energy  production  within  the cardiomyocytes,
causing  undue  imbalance  between  the  required  parameters
for  adequate  perfusion  and  output  capacity  of  the  heart,
resulting  in HF.17 In  the chronic  setting  of  inflammation,  hep-
cidin  is  increased  (causing  decreased  iron availability),  as  it
possesses  anti-microbial  and anti-inflammatory  effects.18 It
appears  that  the continuous  release  of hepcidin  during  pro-
longed  inflammation  leads  to  a  loss  of  homeostasis  and  its
replacement  with  a  pathological  frame,  in which  this acute-
phase  protein  causes  starvation  of  the metallic  moiety.19

Therefore,  a  large  proportion  of patients  are either  iron-
deficient  or  anemic  ---  albeit  independently  of  iron  status
(i.e.,  red  cell  indices  do not  show  features  characteristic  of
iron  deprivation).20

However,  iron  presence  in the  metabolic  processes  that
take  place  in an acute  setting  appears  to have delete-
rious  effects,21 particularly  through  ROS  generation  and
ferroptosis-induced  cell  death.  Additionally,  the  presence
of  hepcidin  during  acute  processes  seems  to  be  of  physio-
logic  benefit,  protecting  the injured  tissue  from  excessive
harm  caused  by  iron.22 A growing  body  of data  suggests  that
iron  might be involved  both  directly  in the  actual  process
of  ischemia4 and  at an  etiological  level,  in the develop-
ment  of  atherosclerosis.23,24 While  ischemic  heart  disease
imposes  the  heaviest  burden  in  HF, its  connection  with  iron
metabolism  has  been  rarely  assessed.  A  recent  study  con-
cerning  blood  iron  levels  and  their  correlation  with  adverse
cardiovascular  events  indicated  that  patients  with  ischemic
HF  are at  increased  risk  if they  are  situated  in the  higher
echelons  of  serum  iron.25 Conversely,  a cohort  study  (206
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patients  and  436  controls)26 presented  findings  that  link
low  serum  to  a short-term  risk  of  developing  cardiovascu-
lar  disease.  These  findings  must  be  interpreted  with  caution
considering  that  systemic  iron  levels  (i.e.,  serum  iron)  do
not  correlate  well  with  cardiac  iron  levels.27

Soluble  transferrin  receptor,  a novel  endogenous  marker
which  could  reflect  intracellular  iron  requirements  and  pre-
dict  cardiovascular  disease  progression28 might  be  a  more
useful  parameter  to  quantify  iron-heart  interaction.  The
soluble  form  appears  in individuals’  sera  as  a  marker  of
decreased  cell  iron  availability.  Additionally,  the configura-
tion  in  which  iron  circulates  could  stem  its  two-sided  profile,
as  the  increased  presence  of its non-transferrin-bound  form
induces  atherosclerosis  and  inflammation,24 while  chaper-
oned  iron  could  be  of beneficial  use.29,30

Ferroptosis

Accidental  cell  death  is  regarded  as  unavoidable  and is
defined  by extreme  variations  in  the physical  and  chemi-
cal  parameters  (burns,  trauma),  while  regulated  cell  death
is  either  physiological  (programmed  cell  death)  or  induced
by  stressors.  These  in  turn  activate  molecular  mechanisms
that  bring  about the  cell’s  demise  (as  opposed  to  the  lack  of
mechanisms  in accidental  cell  death).

Ferroptosis  (ferro,  ‘‘iron’’;  ptosis, ‘‘falling’’)  is  iron-
modulated  necrosis,  consisting  in the accumulation  of
lipid  peroxidation  products  and  ROS,31 likely  caused  by
either  increased  iron  bioavailability  or  by  excessive  ROS,
as  shown  by inhibition  of  ferroptosis  by  iron  chelation  and
ferrostatin.9,31 At  the molecular  level,  blocking  of the sys-
tem  XC

− antiporter  (cystine  and  glutamate)  is  principally
involved  in the  development  of  lipid  peroxidation,  with
its  respective  antagonistic  agents  (erastin,  glutamate,  sul-
fasalazine)  inducing  ferroptosis.31 However,  iron  species
involvement  is  indirect  (yet  essential),  purportedly  via Fen-
ton  reaction-induced  ROS.  It  is  relevant  to mention  that  iron
per  se  is  also  directly  involved  in cell  death  (without  the
participation  of  ROS/ferroptosis),  with  nascent  therapeutic
implications  in a cardiovascular  setting.32 Furthermore,  the
acyl-CoA  synthetase  long-chain  family  member  4  (ACSL4)  is
pivotally  implicated  in providing  the  necessary  fatty  acids
required  for  ferroptosis.33 Interestingly,  the  fatty  acids  that
are  required  for  ferroptosis  are polyunsaturated  fatty  acids
(PUFAs),  a  staple  of lipids  recommended  by  guidelines34

to  reduce  cardiovascular  risk,  raising  the possibility  of
a  double-edged  sword  effect.  Being  mediated  through
toxic  lipid  peroxidation,  coupled  with  research  data  point-
ing  at  increased  iron  involvement  in atherosclerosis,17,24

ferroptosis  is most  likely  implicated  in the  development
of  atherosclerosis,  with  inhibitors  of ferroptosis  provid-
ing  protection  in a mouse  model  of dyslipidemia-induced
atherosclerosis.35

Fortuitously,  ferroptosis  appears  to  be  already  clini-
cally  tenable  to  pharmacologic  modulation.  Inhibitors  of
ACSL4  (and  of  ferroptosis,  concurrently)  are also  an antidia-
betic  class  of drugs  ---  thiazolidinediones,  whereas  vitamin  E
and  deferoxamine  (an  iron  chelator)  exhibit  their  protec-
tive  effects  within  the  mitochondria,  at the site of  lipid
peroxidation.36

Acute cardiovascular events

Stroke,  myocardial  infarction,  vascular  dissections  and
thromboembolisms  are acute  stressor  events  on  the  cardio-
vascular  system  that  pose  a two-fold  challenge:  the abrupt
cessation  of  blood  flow  brings  about the inability  of  host
capacity  for  protection  during  the event,  while  the loss  of
function  has  a  long-lasting  and  profound  effect  on  organ
function.  This  means  that  the  injury  present  in acute  events
is  arguably  more  difficult  to  treat,  reverse,  and  institute  pre-
ventive  measures  for. In  recent years,  studies  in the  setting
of  ischemia  have  shed  light on  the shifts  in  the mitochon-
drial  metabolism  during  oxygen  deprivation  and  overflow.
This  will  be  discussed  briefly  in the subsequent  paragraphs.

Ischemia/reperfusion

The  advent  of  reperfusion  strategies  during  acute  coronary
occlusion  has  led  to  a  reduction  in adverse  outcomes;  how-
ever,  this abrupt  inflow  of  oxygen-ridden  blood  through  the
ischemic  tissue  leads  to  further  cell damage  and  necrosis
via  additional  mechanisms,  prompting  the  need  for  fur-
ther  description  of  the pathophysiological  processes  that  are
involved,  as  well  as  potential  targets  for  clinical  therapy.

It  appears  that  ischemic  injury  is  brought  into  sequence
by  disrupting  the yield  of  aerobic  metabolism  via  dysfunc-
tional  ATP-linked  enzymes  that  in turn  increase  intracellular
acidity  and  calcium  levels,  mitochondrial  permeability  tran-
sition  pore  opening  and  mitochondrial  iron  uptake,  myofibril
hypercontracture.  The  culmination  is membrane  rupture  via
a  plethora  of non-programmed  cell death  mechanisms,37

whereas  reperfusion  expounds  its  deleterious  effects  by
means  of  oxygen  conversion  to  ROS  (via  NADPH  oxidases
family),  calcium  overload,  aided by  dysfunctional  enzymes
responsible  for  modulation  of  oxidative  stress  (such  as  GPX4,
reduced  coenzyme  Q10)38 (Figure  1).

Interestingly,  a  recent  study  in a rat model  of  I/R  has
shown  that  reperfusion,  rather  than  ischemia,  induces  fer-
roptosis,  with  the  degree  of  necrosis  being  amenable  by
iron  chelation.4 It  appears  that  following  acute  coronary
syndrome,  both  ischemia  and  reperfusion  induce  iron  depo-
sition  in the infarcted  areas,  with  increased  affinity  for
reperfused,  oxygen-rich  tissues.39 While  the relative  suc-
cess  of  reperfusion  (as  appraised  by electrocardiographic
changes)  is  abated  in  patients  with  sera  rich in iron  trans-
port  proteins  and  inflammation.40 Furthermore,  the relative
protection  conferred  by  iron deficiency,  on  short-term  sur-
vival,  at the time  of an  ST-elevation  myocardial  infarction,
reveals  the  enhanced  interaction  in the  reperfusion  phase.41

This  pinpoints  the potential  clinical  use  of  iron  therapeutical
manipulation  in the catheter  laboratory.42

Diabetes  and acute  coronary  syndromes  are well
established  comorbidities  frequently  found  together  in  a
substantial  proportion  among  cardiovascular  patients.43 Iron
deposition  occurs  both  in the  pancreas  and in the  heart,44

relating the two  conditions  in an iron-dependent  paradigm.
ROS  production  in  the setting  of  both  end-glycation  prod-
ucts  and  reperfusion  injury  could  plausibly  induce  in greater
magnitude  cell  death  via ferroptosis.  A specific  example  is
that  of an  animal  model  of diabetes  and  myocardial  I/R
which  showed  that  at  least  part  of  the  ischemic  offense  is
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Figure  1  Effects  of  ischemia  and  reperfusion  on a  myocardial  cell.  ER: endoplasmic  reticulum;  mPTP:  mitochondrial  permeability

transition pore;  ROS:  reactive  oxygen  species.

mediated  through  increased  endoplasmic  reticulum  stress,
rather  than  solely  the canonical  mitochondrial  site.7

The  effect  of  iron  on myocardial  I/R seems  to  be
mediated  by  increased  inflammation,  edema,  and dele-
terious  remodeling  of  the heart  chambers,  especially  in
areas  affected  by  hemorrhage,  as  opposed  to  microvas-
cular  obstruction,21 consistent  with  the  relative  lack  of
involvement  in the ischemic  phase.  Reperfusion  injury  is
also  greater  if the capacity  to  scavenge  hemoglobin-bound
iron is  diminished,  by  decreased  function  of  haptoglobin
phenotyping.45 While  there  certainly  is  a  lack  of  human
translational  purviews,  at  least one  clinical  study  has pre-
sented  evidence  of  increased  all-cause  mortality  in patients
with  elevated  circulating  iron  at the  time  of an  acute  coro-
nary  syndrome.46 Thus,  the reperfusion  phase  is  a potentially
viable  candidate  for  therapeutical  modulation,  aligning

temporally  with  the  use  of  cardioprotective  agents  that are
usually  administered  chronically  post-acute  event,  rather
than  before or  during  the ischemic  phase  (which  seldom
happens).

Mitochondrial  involvement

Reactive  oxygen  species  in the mitochondria  induce  cell
death3 by  disrupting  the  electron  transport  chain  and
decreased  mitochondrial  membrane  potential  that  yields
a precarious  production  of  ATP,  which  is  unable  to  sus-
tain cell homeostasis.  Iron is  meant  to  enact  its  biological
effects  mainly within  mitochondria,  where  it interacts
with  cell respiration,  ROS  production,  and iron-sulfur
clusters.47 The  mitochondrial  apparatus  is  one of the  main
sources  of ROS,  as  a residual  product  during  oxidative
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phosphorylation,  which  could  explain  the increase  of  oxida-
tive stress  and  inflammation  during  ischemia/reperfusion.48

Additionally,  the  localization  of important  antioxidant
enzymes,  such  as  GPX4  (see  above)  is  also  confined  to the
mitochondria,  linking  ferroptosis  with  acute  cardiovascular
diseases.

The  pivotal  event  in  the mitochondria  during  I/R injury
is  the  modulation  of  the mitochondrial  permeability  transi-
tion  pore,  which  remains  closed  during ischemia,  but  opens
during  reperfusion,  causing  a reduction  in mitochondrial
membrane  potential  and of  oxidative  phosphorylation.49

Furthermore,  the decrease  in  oxidative  phosphorylation
leads  to  increased  intracellular  acidity  and  consequent
hypercontracture  via  calcium  excess.50

Ferroptosis  contributes  to  acute  ischemia  by  way  of  lipid
peroxidation.  In this  regard,  aldehydes,  formed  by  lipid
peroxidation,  disturb  the normal  function  of redox  modula-
tory  systems  within  the  mitochondria  (especially  within  its
membranes),  with  the endogenous  aldehyde  dehydrogenase
2  decreasing  ROS  generation  in animal models  of  cardiac
arrest.51

Mitochondrial  ferritin  is  regarded  as  an  antioxidant
molecule,  with  a similar  composition  to  H (heavy)  fer-
ritin  found  within  the cytoplasm,  although  it appears  that
it  is  not  modulated  by  iron  levels.30 In a  particularly
relevant  oxidative  damage  experiment,  acute  myocardial
oxidative  stress  in  mice  lacking  myocyte  mitochondrial  fer-
ritin  further  increases  levels  of  labile  iron,  with  deleterious
effects  regarding  cell  survival,  energy  production,  and  lipid
peroxidation.29

Clinically,  studies  regarding  mitochondrial  involvement
are  sparse;  still,  in regard  to  patients  with  chronic  HF and
reduced  ejection  fraction,  iron  administration  induces  a bet-
ter  energetic  profile  in skeletal  muscles,  alleviating  exercise
capacity  and  functional  class.52

Chronic cardiovascular disease

Chronic  heart  failure  (CHF)  is  a  persistent  condition  in
which  the  chief  complaints  of  the  affected  individual  corre-
spond  to  a  structural  or  functional  abnormality  of  the heart
which  results  in  decreased  tissue  perfusion  or  increased
ventricular  wall  stress.15 Patients  have  a  plethora  of  comor-
bidities,  mainly  anemia  and/or  iron  deficiency  (ID),17 which
are  related  to  worse  outcomes.  Iron  dysregulation  is fre-
quently  encountered  in this  population  of  patients,  the
etiology  being  multifactorial.  Definitions  of  ID in chronic
inflammatory  diseases  are  a point  of contention,  whereas
the  treatment  options  in the form  of  intravenous  iron prepa-
rations  show  promising  results.

Etiology  of iron  deficiency

Decreased  absorption  within  the  gut

Although  traditionally  thought  to  be  a determinant  of  ID,53

with  congestion  being  prevalent  in a  low  output  state  and
poor  results  in patients  receiving  oral iron,54 current  studies
suggest  a  lesser  correlation  between  the  two.55 A  plausible
explanation  resides  in the  heart’s  specific  iron  handling  path-
way,  by  way  of  cardiac  hepcidin.56 Additionally,  the  capacity
to  alleviate  anemia  in CHF patients  seems  similar  between

oral  and  intravenous  formulations,57 further  supporting  the
paracrine  regulatory  mechanism.

Nutritional  deficit

Microelement  intake  is  dysregulated  not  only regarding
iron,  but  also  other  essential  metals.58 In  line  with  this,
lower  protein  intake,  as  well  as  low serum  albumin,  cor-
relate  well  with  the  presence  of  ID.59 Malnutrition  could  be
related  to  decreased  appetite,  ascites,  and  gastrointestinal
symptoms.60

Inflammation

Chronic  inflammatory  states,  such as  diabetes,  chronic
obstructive  pulmonary  disease,  and  inflammatory  bowel
syndrome  share  the  TNF-alpha  and  interleukin-mediated
inflammation.61,62 The  interplay  with  hepcidin  impedes  he
systemic  bioavailability  of  iron,  as  well  as  increased  acti-
vation  of the RAAS,  causing  a vicious  cycle.14 However,
disappointing  results  with  anti-inflammatory  modulation  in
CHF  as  well  as  an unclear  causal  relationship  in HF led to
equivocal  conclusions  regarding  inflammation  as  etiology  of
ID.63 Certainly,  a degree  of  involvement  is  bound  to  exist,  as
well-constructed  studies  show  a  correlation  between  estab-
lished  markers  of  inflammation  and  HF  patients,  with  yet
undiscovered  pathophysiologic  mechanisms.64

Definition  of iron deficiency

The  current  guideline-based  approach  suggests  that  abso-
lute  ID  is  defined  by  serum  ferritin  <100  ng/mL,  while
functional  deficiency  was  allotted  at ferritin  levels  between
100  and 299 ng/mL  with  a transferrin  saturation  of less  than
20%.15 Debate  has  arisen  regarding  the definition,  with  a
swath  of  studies  that  have  correlated  more  precisely  with
cardiovascular  hard endpoints  (e.g.,  mortality).  Increased
mortality  and risk  for  hospitalization  were seen  with  trans-
ferrin  saturation  <20%,  but  not  with  isolated  ferritin,27,65 a
pattern  also  observed  in  patients  undergoing  hemodialysis,66

indicating  a  potentially  harmful  effect  of  injudicious  iron
treatment.  Furthermore,  serum  indices  of  iron are  poorly
corelated  with  myocardial  iron  content  and  availability,55,67

deluding  clinicians  in tailoring  appropriate  therapies  for
appropriate  patients.  Additional  parameters  for  ID diagnosis
such  as  soluble transferrin  receptor,  hepcidin,  erythrofer-
rone are being  considered,  albeit  studies  for efficacy  and
their  clinical  implementation  are lacking.68

Therapeutical  modulation  of iron

Since  the  first  hypotheses  on  iron  involvement  in  cardiovas-
cular  disease,  an ever-increasing  number  of  trials  have  been
conducted  to assess  the  effect  of  iron modulation  (chelation
and  supplementation),  producing  very  promising  results  on
iron  administration  (Table 1).

Iron  administration

Oral  iron  efficacy  was  surveilled  in patients  with  HF,  in
whom  it was  found  that  oral  administration  is  not  adequate
to  decrease  clinical  events.54,69 Several  trials47,54 indicate
that  while  both  formulations  increase  hematinic  parame-
ters,  only  the parenteral  route  increases  aerobic  capacity
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Table  1  Iron  homeostasis  and  cardiovascular  disease  in  human  trials.

Citation  and  sponsor  Population  (n)  Treatment  Main  conclusion  Comments

Iron  administration
72 Ponikowski  et al.,

2020

Sponsored  by  Vifor

Pharma

Stabilized  acute  HF,

with ID  and  HFrEF,

(1132)

Ferric

carboxymaltose,  iv.

Reduced  hospitalization

for  HF

Similar  adverse  effects

vs. placebo

77 Nunez  et al.,  2020;

Supported  in part  by

Vifor  Pharma

Stable  HF  with  EF

<50%,  ID  and  Hb <15

g/dL,  (53)

Ferric

carboxymaltose,  iv.

Increased  iron  deposition

in  the  heart;

Increased  quality  of  life

EF  and  NT-proBNP  did

not differ  vs.  placebo

78 Anker  et  al.,  2009;

Supported  by  Vifor

Pharma

CHF, EF  <45%,  ID and

Hb  [9.5---13.5]  g/dL,

(459)

Ferric

carboxymaltose,  iv.

Improved  quality  of  life,

functional  capacity  and

symptoms

Similar  adverse  effects

vs. placebo

79 Ponikowski

et  al.,  2015;

Sponsored  by  Vifor

Pharma

CHF,  EF  <45%,  ID  (304)  Ferric

carboxymaltose,  iv.

Improvement  in

functional  capacity,

symptoms  and  quality  of

life

Similar  adverse  effects

vs. placebo

80 Spahn,  Schoenrath

et al.,  2019;

Sponsored  by  Vifor

Pharma  and  Swiss

Foundation  for

Anaesthesia  Research

Patients  undergoing

valve-  and/or

coronary  bypass

surgery,  with  ID or

anemia,  (1006)

Ferric  carboxymal-

tose/erythropoietin/

vitamin  B12/folic  acid

Reduced  periprocedural

need  for  transfusions;

Single  center  RCT;

No  evaluation  of  hard

end-points;

54 Lewis  et  al.,  2017

Sponsored  by  NHLBI

CHF,  EF  <40%,  with  ID

and  Hb [9---15]  g/dL,

(225)

Iron  polysaccharide,

oral

Oral  iron  did not  improve

exercise  capacity,  6MWT,

nor  quality  of  life

Similar  adverse  effects

vs. placebo

Iron chelation
81 Yeatts  et  al.,  2013;

Sponsored  by  NIH

Intracerebral

hemorrhage,  (42)

High  dose

deferoxamine,  iv.

Trial  terminated  for

increased  mortality  in

treatment  arm

Dose  was  consequently

decreased  in further

trials
82 Selim  et  al.,  2019;

Sponsored  by

NIH/NINDS

Acute  intracerebral

hemorrhage  (294)

Deferoxamine

mesylate,  iv.

Iron  chelation  did  not

improve  clinical  outcome

at  90  days post-event

Deferoxamine  was  safe;

This  was  a  phase  II  trial

that did  not  show  merit

for  a  phase  III  trial
83 Fernandes  et  al.,

2016;

Sponsored  by

Fundacao  de  Amparo  a

Pesquisa  do  Estado  de

São Paulo

Thalassemia  major

and myocardial

siderosis,  (62)

Amlodipine  in

addition  to  standard

chelation

(deferiprone/

deferoxamine)

Calcium  channel

blockers  reduce

myocardial  iron

Treatment  did  not  affect

systemic  iron

homeostasis

84 Karlsson  et al.,

2015;

Sponsored  by  Medical

Research  Council  of

Southeast  Sweden,

PledPharma  AB

STEMI  and  primary

PCI,  (20)

Mangafodipir,  iv. Treatment  did not

alleviate  biomarker

burden  vs.  placebo;

Drug  was  safe  to

administer

The  usual  dose for  the

drug  was  lower  than

commonly  used;

Population  size  was

modest  (phase  I trial)

85 Chan  et  al.,  2012;

Sponsored  by  National

Health  and  Medical

Research  Council  of

Australia

STEMI  and  primary

PCI,  (60)

Deferoxamine,  iv.  Treatment  reduced

oxidative  stress

The  primary  end  point

(infarction  size)  was  not

different  vs.  placebo

86 Paraskevaidis  et  al.,

2005;

Sponsored  by:  not

declared

Coronary  artery

disease  and CABG,

(45)

Deferoxamine,  iv.  Protection  against

reperfusion  injury  and

lowers  ROS

Unclear  blinding

strategy;

Single  center,  small

sample  study

CABG: coronary artery by-pass graft; CHF: chronic heart failure; EF: ejection fraction; HFrEF: heart failure with reduced ejection fraction;
ID: iron deficiency; NIH: National Institute of Health; NTproBNP: N terminal pro brain natriuretic peptide; PCI: percutaneous coronary
intervention; RCT: randomized controlled trial; ROS: reactive oxygen species; STEMI: ST elevation myocardial infarction.
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and  energy  efficiency.  To  date,  intravenous  administration  of
iron  appears  the most  relevant  approach  to iron  deficiency  in
CHF.  Randomized  controlled  trials54,70,71 have  illustrated  the
potential  benefit  in patients  with  HF and  reduced  ejection
fraction  lacking  iron,  independent  of  anemia  status.  Inter-
estingly,  patients  with  established  HF  but  with  preserved
ejection  fraction  do  not  respond in a similar  manner  to
iron  administration,  a  finding  supported  in part  by  a  dif-
ferent  pathophysiologic  paradigm  and by  the lack  of  trials
with  this  type  of patients.  Given  that the endpoints  of  the
aforementioned  trials  are lacking  in pursuing  mortality  and
major  cardiovascular  events,  clear  answers  still  need  to
be  presented.  FAIR-HF2  is  specifically  designed  to  observe
cardiovascular  death  and  hospitalization  for  HF,  a  trecut
2021,  poate  ar  merge  aici  o  actualizare  a  rezultatelor,  while
iron  supplementation  in acute  decompensations  of  estab-
lished  HF  patients  is  scarcely  evaluated.  AFFIRM-AHF72 is
a  double-blind,  randomized  controlled  trial  regarding  iron
administration  in  patients  with  stabilized  acute  HF of  any
etiology  and  concurrent  iron  deficiency.  The  main  conclusion
of  the  trial  was  a  20%  reduction  in  cardiovascular  hospital-
ization  compared  to  placebo,  while  the primary  endpoint
of  cardiovascular  death  showed  the same  relative  allevia-
tion,  narrowly  missing  conventional  significance  (p=0.059).
Current  knowledge  based  on  human  clinical  trials  appear
to  favor  iron  administration  with  improved  secondary  out-
comes,  while  generally  lacking  a consistent  reduction  in
cardiovascular  death,  inferring  that,  while  iron  therapy
is  useful,  the degree  of  additional  protection  (on  top  of
already  established  cornerstone  medical  treatment  with
beta-blockers,  renin-angiotensin-aldosterone  blockers)  con-
ferred  by  this  type  of  therapy  is  lackluster.

Historically,  iron  toxicity  has  been  related  mainly  to
its  gastrointestinal  (for  oral preparations)  and  localized
at  the  site  of  administration  (for  intravenous  forms).  A
Cochrane  Database  review  of oral  and parenteral  prepara-
tions  cited  constipation  (RR  1.63),  diarrhea  (RR  2.17)  and
nausea/vomiting  (RR 1.75)  as  significant  side  effects,  with
a  60%  increase  in overall  risk  of  side  effects  (RR  1.60;  95%
CI  1.23---2.07;  four  studies;  1748  participants;  p=0.0005).73

Concerning  parenteral  formulations,  especially  ferric  car-
boxymaltose,  hypophosphatemia  is  a notable  side-effect,74

potentially  influencing  bone  mineralization,  cell function
and  metabolism.  The  mechanism  behind  this decrease  in
phosphate  is  unclear,  but  it  appears  to  be  downregulated
by increased  renal  excretion  via  fibroblastic  growth  factor
23  modulation.75 However,  its  correlation  with  the clinical
consequences  or  symptoms  appears  undiscerning,  further
complicated  by  the lack  of  standardization  in methodology
and  reporting  of this  parameter.76

Iron  chelation

The  cellular  hypothesis  of  increased  iron,  especially
in  the  mitochondrial  compartment,  raises  the  issue  of
treatment-related  harm,  perchance  explaining  the current
ambiguousness  in  clinical  trials  on  iron  supplementation.14,67

Preclinical  models  of  HF  have shown  interesting  results
regarding  iron  chelation,  with  improved  fibrosis,  cardio-
protection,  and  increased  mitochondrial  energetics.87-89

Arguably  the  most  researched  field  concerns  iron  overload
cardiomyopathies,  where  the  mainstay  therapy  is  removal  of

Table  2  Proposed  pathophysiology  of  iron  in acute  and

chronic  cardiovascular  events.

Increasing  iron  Decreasing

iron

Acute

events

•  Increased

atherosclerosis23,94*

• Decreased

lipid

peroxidation95*

• Increased  I/R injury21*  • Decreased

inflammation21*

• Ferroptosis35*

•  Reduced  hospitalization  in

stabilized  AHF72

Chronic

events

•  Improving  symptoms  in

HFrEF71

• Decreasing

fibrosis,

ROS98*

• Improved  distance  on 6

minute  walk  test  in patients

with  HFrEF96

• Mitochon-

drial

protection9*

• Ameliorated  cell

(including  skeletal  muscle)

energetics  in HFrEF97

•  Decreased  hospitalization

in  HFrEF70

AHF: acute heart failure; HFrEF: heart failure with reduced ejec-
tion fraction; I/R: ischemia/reperfusion; ROS: reactive oxygen
species; animal model research is marked with an asterisk (*).

excess  iron,  either  by  phlebotomy  or  iron chelation,  where
feasible.  Primary  iron  overload  occurs  in  hemochromatosis,
as  a result  of  genetic  dysregulation  of iron  handling,  and
secondary,  induced  by  treatment  of hemoglobinopathies,
dialysis,  or  malignancies.90 The  majority  of patients  suc-
cumb  as  a result  of  myocardial  interest  and consequent  HF.
There  is  a positive  correlation  between  the susceptibility  to
iron  overload  and the amount  of  calcium  transporters  in the
respective  tissue,  with  protective  effects  of calcium  channel
blockers.91

The  mechanistic  process  involves  ROS  production  within
the  cytoplasm  and  mitochondria,  leading  to  energetic
failure.16 Additionally,  increased  myocardial  fibrosis  and
ferroptosis  induce  diastolic and  systolic  dysfunction,  and
arrhythmias.  Approved  treatment  options  vary  according  to
disease;  in the  case  of  primary  iron  overload,  blood-letting
targeting  ferritin  between  50  and  100  ng/mL  and transfer-
rin  saturation  below  50%  is  the  current  standard,92 whereas
in  patients  where  venesection  is  contraindicated  (i.e. ane-
mia),  chelation  therapy  with  deferoxamine,  deferiprone
and  deferasirox  are  safe  and  effective.  Furthermore,  L-
type  calcium  channel  inhibitors,  used  both  in  human  and
murine  studies,  provided  additional  benefits  when used
alongside  mainstay  therapy.89 Recently,  anthracycline  (dox-
orubicin)  induced  cardiomyopathy  was  shown  to  be  caused
by  increased  mitochondrial  iron  accumulation,  with  chela-
tion  or  ferroptosis  inhibitors  proving  to be protective.9

Conclusions

In the context  of basic  science,  a  hypothesis  regarding
iron  interactions  with  acute  vs.  chronic  conditions  can be
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formulated  as  a  basis  for  further  clinical  research  (Table  2).
Chronic  HF  is currently  approached  via  iron  supplementa-
tion,  with  increasing  prospects  for  beneficial  effects,  such
as  improved  bioenergetics,  anemia  correction,  reduction
in  cardiac  stress  and  inflammation,  whereas  iron  chelation
appears  less  well  studied,  apart  from  obvious  beneficial
effects  in  iron  overload  cardiomyopathies  (thalassemias,
hemochromatosis).  Poignantly,  iron  dysmetabolism  and its
direct  correlation  with  clinical  events  in human  trials  is  lack-
ing  or  the  results  are inconclusive.

During  I/R  or  MI,  decreasing  the  amount  of  available  iron
protects  the  endothelium  and  the  heart’s  reperfusion  injury,
decreasing  ROS  production  and fibrosis,21,24 by  inhibition
of  atherosclerosis  and  inflammation,93 and down-regulation
of oxidative  stress  (by  limiting  ROS  production).  In  turn,
iron  supplementation  appears  harmful  both  in the  initial
phase4,38 and  in further  promoting  atherosclerosis.23

Lastly,  the  positive  effects  of  intravenous  iron  administra-
tion  cannot  be  understated,  as  both  the American  College  of
Cardiology  and  the  European  Society  of  Cardiology  endorse
its  use  where  clinically  applicable,  such  as  in absolute  or
relative  iron  deficiency  in  patients  with  HF.15,99

Conflicts of  interest

The  authors  have  no  conflicts  of  interest  to  declare.

Acknowledgments

This  work  was  supported  by  grants  from  ‘‘Iuliu  Hat
,
ieganu’’

University  of  Medicine  and  Pharmacy,  Cluj-Napoca,  Roma-
nia  (Grant  No.  1530/35/18.01.2019),  and European  Social
Found,  Human  Capital  Operational  Program  2014-2020
(Grant  No.  POCU/380/6/13/125171).

References

1.  World Health Organization. Global Health Estimates 2016:
deaths by cause, age, sex, by  country and by region,
2000---2016. Geneva [Internet]: World Health Organi-
zation; 2018. Available from: https://www.who.int/
healthinfo/global burden disease/estimates/en/

2. WHO. Global Health Estimates 2016: disease burden by cause,
age, sex, by country and by region, 2000---2016. Geneva: World
Health Organization; 2018 [accessed 28.04.18].

3. Dixon SJ, Stockwell BR. The role of iron and reactive oxygen
species in cell death. Nat Chem Biol [Internet]. 2014;10:9---17.

4. Tang L-J, Luo X-J, Tu H, et al.  Ferroptosis occurs in phase of
reperfusion but not ischemia in rat heart following ischemia or
ischemia/reperfusion. Naunyn Schmiedebergs Arch Pharmacol
[Internet]. 2020.

5. Cung T-T, Morel O, Cayla G, et al. Cyclosporine before PCI in
patients with acute myocardial infarction. N  Engl J Med [Inter-
net]. 2015;373:1021---31.

6. Sheftel AD, Mason AB, Ponka P. The long history of iron in the
Universe and in health and disease. Biochim Biophys Acta --- Gen
Subj. 2012;1820:161---87.

7. Li WW, Li WW,  Leng Y, et al. Ferroptosis is involved in diabetes
myocardial ischemia/reperfusion injury through endoplasmic
reticulum stress. DNA Cell Biol. 2020;39:210---25.

8. Chen M, Cabantchik ZI, Chan S, et  al. Iron overload and
apoptosis of  HL-1 cardiomyocytes: effects of calcium channel
blockade. PLOS ONE [Internet]. 2014;9:e112915.

9. Fang X, Wang H, Han D, et  al. Ferroptosis as a target for pro-
tection against cardiomyopathy. Proc Natl Acad Sci [Internet].
2019;24, 201821022.

10. Wilkinson N, Pantopoulos K. The IRP/IRE system in vivo: insights
from mouse models. Front Pharmacol. 2014:1---15.

11. Nemeth E, Ganz T. The role of hepcidin in iron metabolism. Acta
Haematol. 2009;122:78---86.

12. Anderson GJ, Frazer DM. Current understanding of  iron home-
ostasis. Am J Clin Nutr. 2017:1---8.

13. Von Haehling S,  Jankowska EA, Van Veldhuisen DJ, et al. Iron
deficiency and cardiovascular disease. Nat Rev Cardiol [Inter-
net]. 2015;12:659---69.

14. Lupu M, Tudor  DV, Filip GA. Influence of mitochondrial and sys-
temic iron levels in heart failure pathology. Heart Fail Rev.
2019;24:647---59.

15. Ponikowski P, Voors AA, Anker SD, et al. 2016 ESC Guidelines for
the diagnosis and treatment of acute and chronic heart failure.
Eur Heart J.  2016;37:2129---200.

16. Sumneang N, Siri-Angkul N, Kumfu S, et  al. The effects
of iron overload on mitochondrial function, mitochon-
drial dynamics, and ferroptosis in cardiomyocytes. Arch
Biochem Biophys [Internet]. 2020;680:108241. Available
from: http://www.sciencedirect.com/science/article/pii/
S0003986119309804

17. Naito Y, Masuyama T, Ishihara M. Iron and cardiovascular
diseases. J Cardiol [Internet]. 2020;2019:5---10. Available
from: http://www.sciencedirect.com/science/article/pii/
S0914508720302501

18. Ganz T. Iron and infection. Int J  Hematol. 2018;107:7---15.
19. Jankowska EA, Malyszko J, Ardehali H, et al. Iron sta-

tus in patients with chronic heart failure. Eur  Heart J.
2013;34:827---34.

20. Tkaczyszyn M, Comín-Colet J,  Voors AA, et  al. Iron deficiency
and red cell indices in patients with heart failure. Eur J Heart
Fail [Internet]. 2018;20:114---22.

21. Behrouzi B, Weyers JJ, Qi X, et al. Action of iron chelator
on intramyocardial hemorrhage and cardiac remodeling follow-
ing acute myocardial infarction. Basic  Res Cardiol [Internet].
2020;115:24.

22. Simonis G,  Mueller K,  Schwarz P, et al. The iron-regulatory
peptide hepcidin is upregulated in the ischemic and in the
remote myocardium after myocardial infarction. Peptides.
2010;31:1786---90.

23. Kempf T,  Wollert KC. Iron and atherosclerosis: too much of  a
good thing can be bad. Eur Heart J  [Internet]. 2019;41:2696---8.

24. Vinchi F,  Porto G, Simmelbauer A, et  al. Atherosclerosis is
aggravated by iron overload and ameliorated by dietary and
pharmacological iron restriction. Eur Heart J. 2020;41:2681---95.

25. Yan J, Pan Y, He Y,  et al. The effects of serum iron level without
anemia on long-term prognosis of  patients with coronary heart
disease complicated with chronic heart failure: a retrospective
cohort study. Heart Vessels [Internet]. 2020.

26. Gutierrez-Bedmar M,  Olmedo P, Gil F,  et  al. Low serum
iron levels and risk of cardiovascular disease in high
risk elderly population: nested case---control study in the
PREvención con  DIeta MEDiterránea (PREDIMED) trial.
Clin Nutr [Internet]. 2020. Available from: http://www.
sciencedirect.com/science/article/pii/S0261561420302818

27. Beverborg NG, Klip IT, Meijers WC, et al. Definition of iron defi-
ciency based on the gold standard of  bone marrow iron staining
in heart failure patients. Circ Hear Fail. 2018;11.

28. Henri W,  H BJ, Christoph W,  et  al. Iron metabolism contributes
to prognosis in coronary artery disease: prognostic value of the
soluble transferrin receptor within the AtheroGene Study. J  Am
Heart Assoc [Internet]. 2020;9:e015480.

29. Wu Q,  Gao G,  Shi Z,  et  al. Mitochondrial ferritin protects the
murine myocardium from acute exhaustive exercise injury. Cell
Death Dis [Internet]. 2016;7:e2475.

1044

https://www.who.int/healthinfo/global_burden_disease/estimates/en/
https://www.who.int/healthinfo/global_burden_disease/estimates/en/
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0505
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0510
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0995
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0520
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0525
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0530
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0535
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0540
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0545
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0550
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0550
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0550
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0550
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0550
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0550
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0550
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0550
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0550
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0550
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0550
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0550
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0550
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0550
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0550
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0550
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0550
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0550
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0550
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0555
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0560
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0565
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0570
http://www.sciencedirect.com/science/article/pii/S0003986119309804
http://www.sciencedirect.com/science/article/pii/S0003986119309804
http://www.sciencedirect.com/science/article/pii/S0914508720302501
http://www.sciencedirect.com/science/article/pii/S0914508720302501
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0580
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0580
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0580
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0580
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0580
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0580
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0580
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0580
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0580
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0580
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0580
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0580
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0580
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0580
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0585
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0590
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0595
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0600
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0610
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0615
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0620
http://www.sciencedirect.com/science/article/pii/S0261561420302818
http://www.sciencedirect.com/science/article/pii/S0261561420302818
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0630
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0635
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0640


Revista  Portuguesa  de Cardiologia  41  (2022)  1037---1046

30. Arosio P, Levi S. Cytosolic and mitochondrial ferritins in the
regulation of cellular iron homeostasis and oxidative damage.
Biochim Biophys Acta. 2010;1800:783---92.

31. Dixon SJ, Lemberg KM, Lamprecht MR, et  al. Ferroptosis:
an iron-dependent form of nonapoptotic cell death. Cell
[Internet]. 2012;149:1060---72. Available from: http://www.
sciencedirect.com/science/article/pii/S009286741200520X

32. Lin H, Li L,  Jia X, et al. Genetic and biochemical analysis of high
iron toxicity in yeast: iron toxicity is due to the  accumulation
of cytosolic iron and occurs under both aerobic and anaerobic
conditions. J  Biol Chem [Internet]. 2011;286:3851---62. Available
from: http://www.jbc.org/content/286/5/3851Abstract

33. Doll S, Proneth B, Tyurina YY, et al. ACSL4 dictates ferroptosis
sensitivity by shaping cellular lipid composition. Nat Chem Biol.
2017;13:91---8.

34. Mach F, Baigent C, Catapano AL, et  al. 2019 ESC/EAS Guide-
lines for the management of dyslipidaemias: lipid modification
to reduce cardiovascular risk. Eur Heart J. 2020;41:111---88.

35. Bai T, Li M, Liu Y,  et al. Inhibition of ferroptosis alleviates
atherosclerosis through attenuating lipid peroxidation and
endothelial dysfunction in mouse aortic endothelial cell.
Free Radic Biol Med [Internet]. 2020;160:92---102. Available
from: http://www.sciencedirect.com/science/article/pii/
S089158492031162X

36. Seibt TM, Proneth B, Conrad M.  Role of  GPX4 in ferrop-
tosis and its pharmacological implication. Free Radic Biol
Med [Internet]. 2019;133:144---52. Available from: http://www.
sciencedirect.com/science/article/pii/S0891584918315934

37. Kalogeris T, Baines CP, Krenz M,  et  al. Cell biology of
ischemia/reperfusion injury. In: International review of  cell and
molecular biology. Elsevier; 2012. p. 229---317.

38. Qiu Y, Cao Y, Cao W,  et  al. The application of  ferroptosis in
diseases. Pharmacol Res. 2020;159:104919.

39. Moon BF, Iyer SK, Hwuang E, et al. Iron imaging in myocar-
dial infarction reperfusion injury. Nat Commun [Internet].
2020;11:1---14.

40. Shavadia JS, Granger CB, Alemayehu W, et al. Novel biomark-
ers, ST-elevation resolution, and clinical outcomes following
primary percutaneous coronary intervention. J  Am Heart Assoc.
2020;9:e016033.

41. Cosentino N,  Campodonico J, Pontone G, et  al. Iron deficiency
in patients with ST-segment elevation myocardial infarction
undergoing primary percutaneous coronary intervention. Int J
Cardiol [Internet]. 2020;300:14---9.

42. Bulluck H, Rosmini S, Abdel-Gadir A, et al. Residual myocardial
iron following intramyocardial hemorrhage during the conva-
lescent phase of reperfused ST-segment-elevation myocardial
infarction and adverse left ventricular remodeling. Circ Car-
diovasc Imaging [Internet]. 2016;9:e004940. Available from:
https://pubmed.ncbi.nlm.nih.gov/27894068

43. Cavallari I,  Maddaloni E, Pieralice S, et  al.  The vicious circle of
left ventricular dysfunction and diabetes: from pathophysiology
to emerging treatments. J  Clin Endocrinol Metab. 2020;105.

44. Noetzli LJ, Papudesi J,  Coates TD, et  al. Pancreatic iron load-
ing predicts cardiac iron loading in thalassemia major. Blood
[Internet]. 2009;114:4021---6.

45. Pontone G, Andreini D, Guaricci AI, et al. Association
between haptoglobin phenotype and microvascular obstruction
in patients with STEMI: a cardiac magnetic resonance study.
JACC Cardiovasc Imaging. 2019;12:1007---17.

46. Steen DL, Cannon CP, Lele SS, et al. Prognostic evaluation of
catalytic iron in patients with acute coronary syndromes. Clin
Cardiol. 2013;36:139---45.

47. Murphy E, Ardehali H, Balaban RS, et al.  Mitochondrial function,
biology, and role in disease: a scientific statement from the
American Heart Association. Circ Res. 2016;118:1960-1991p.

48. Dubois-deruy E, Peugnet V, Turkieh A, et al. Oxidative stress in
cardiovascular diseases. Antioxidants. 2020;9:1---15.

49. Ramachandra CJA, Hernandez-Resendiz S, Crespo-Avilan GE,
et  al. Mitochondria in acute myocardial infarction and cardio-
protection. EBioMedicine [Internet]. 2020;57:102884. Available
from: https://pubmed.ncbi.nlm.nih.gov/32653860

50. Zhang J, Ren D, Fedorova J,  et  al. SIRT1/SIRT3 modulates redox
homeostasis during ischemia/reperfusion in the aging heart.
Antioxidants (Basel, Switzerland) [Internet]. 2020;9:858. Avail-
able from: https://pubmed.ncbi.nlm.nih.gov/32933202

51. Zhang R, Liu B, Fan X, et  al. Aldehyde dehydrogenase 2  protects
against post-cardiac arrest myocardial dysfunction through a
novel mechanism of  suppressing mitochondrial reactive oxygen
species production. Front Pharmacol [Internet]. 2020;11:373.
Available from: https://pubmed.ncbi.nlm.nih.gov/32292348

52. Isomaltoside I, Charles-edwards G, Amaral N. Effect of iron iso-
maltoside on skeletal muscle energetics in patients with chronic
heart failure and iron deficiency: the FERRIC-HF II randomized
mechanistic trial. Circulation. 2019.

53. Sandek A, Bauditz J, Swidsinski A, et  al. Altered intestinal func-
tion in patients with chronic heart failure. J  Am Coll Cardiol.
2007;50:1561---9.

54. Lewis GD, Malhotra R, Hernandez AF,  et  al. Effect of  oral iron
repletion on exercise capacity in patients with heart failure with
reduced ejection fraction and iron deficiency: the IRONOUT HF
randomized clinical trial. JAMA [Internet]. 2017;317:1958---66.

55. Petrak J, Havlenova T, Krijt M,  et al. Myocardial iron homeosta-
sis and hepcidin expression in a rat model of  heart failure at
different levels of dietary iron intake. Biochim Biophys Acta ---
Gen Subj [Internet]. 2019;1863:703---13.

56. Lakhal-Littleton S, Wolna M,  Chung YJ, et al.  An essential cell-
autonomous role for hepcidin in cardiac iron homeostasis. Elife.
2016;5:1---25.

57. Beck-da-Silva L,  Piardi D, Soder S, et  al. IRON-HF study: a
randomized trial to assess the effects of  iron in heart failure
patients with anemia. Int J Cardiol. 2013;168:3439---42.

58. Tkaczyszyn M,  Drozd M, Ponikowski P, et  al.  Iron defi-
ciency in heart failure: a 2020 update. Kardiol Pol. 2019;77:
1134---9.

59. van der Wal HH, Grote Beverborg N, Dickstein K, et  al.  Iron
deficiency in worsening heart failure is associated with reduced
estimated protein intake, fluid retention, inflammation, and
antiplatelet use. Eur Heart J [Internet]. 2019;40:3616---25. Avail-
able from: https://pubmed.ncbi.nlm.nih.gov/31556953

60. Hughes CM, Woodside JV, McGartland C, et  al. Nutri-
tional intake and oxidative stress in chronic heart fail-
ure. Nutr Metab Cardiovasc Dis [Internet]. 2012;22:376---82.
Available from: https://linkinghub.elsevier.com/retrieve/pii/
S0939475310002085

61. Sliwa K, Woodiwiss A, Kone VN, et al. Therapy of ischemic car-
diomyopathy with the immunomodulating agent pentoxifylline:
results of  a randomized study. Circulation. 2004;109:750---5.

62. Toblli JE, Cao G,  Giani JF, et  al. Markers of  oxida-
tive/nitrosative stress and inflammation in lung tissue of
rats exposed to different intravenous iron compounds. Drug
Des Devel Ther [Internet]. 2017;11:2251---63. Available from:
https://www.dovepress.com/markers-of-oxidativenitrosative-
stress-and-inflammation-in-lung-tissue-peer-reviewed-article
-DDDT

63. Shirazi LF, Bissett J,  Romeo F,  et  al.  Role of inflammation in
heart failure. Curr Atheroscler Rep. 2017;19.

64. Markousis-Mavrogenis G, Tromp J, Ouwerkerk W, et al. The clini-
cal significance of interleukin-6 in  heart failure: results from the
BIOSTAT-CHF study. Eur J  Heart Fail [Internet]. 2019;21:965---73.

65. Campodonico J, Nicoli F, Motta I, et  al. Prognostic role of  trans-
ferrin saturation in heart failure patients. Eur J  Prev Cardiol
[Internet]. 2021.

66. Kuragano T,  Joki N,  Hase H, et  al. Low transferrin satura-
tion (TSAT) and high ferritin levels are significant predictors
for cerebrovascular and cardiovascular disease and death

1045

http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0645
http://www.sciencedirect.com/science/article/pii/S009286741200520X
http://www.sciencedirect.com/science/article/pii/S009286741200520X
http://www.jbc.org/content/286/5/3851Abstract
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0660
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0665
http://www.sciencedirect.com/science/article/pii/S089158492031162X
http://www.sciencedirect.com/science/article/pii/S089158492031162X
http://www.sciencedirect.com/science/article/pii/S0891584918315934
http://www.sciencedirect.com/science/article/pii/S0891584918315934
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0680
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0685
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0690
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0695
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0700
https://pubmed.ncbi.nlm.nih.gov/27894068
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0710
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0715
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0720
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0725
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0730
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0735
https://pubmed.ncbi.nlm.nih.gov/32653860
https://pubmed.ncbi.nlm.nih.gov/32933202
https://pubmed.ncbi.nlm.nih.gov/32292348
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0755
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0760
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0765
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0770
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0775
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0780
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0785
https://pubmed.ncbi.nlm.nih.gov/31556953
https://linkinghub.elsevier.com/retrieve/pii/S0939475310002085
https://linkinghub.elsevier.com/retrieve/pii/S0939475310002085
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0800
https://www.dovepress.com/markers-of-oxidativenitrosative-stress-and-inflammation-in-lung-tissue-peer-reviewed-article-DDDT
https://www.dovepress.com/markers-of-oxidativenitrosative-stress-and-inflammation-in-lung-tissue-peer-reviewed-article-DDDT
https://www.dovepress.com/markers-of-oxidativenitrosative-stress-and-inflammation-in-lung-tissue-peer-reviewed-article-DDDT
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0810
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0815
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0820
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825
http://refhub.elsevier.com/S0870-2551(22)00456-5/sbref0825


M.  Lupu,  D. Tudor  and A.  Filip

in maintenance hemodialysis patients. PLOS ONE [Internet].
2020;15:1---12.

67. Ghafourian K,  Shapiro JS, Goodman L, et al. Iron and heart
failure: diagnosis, therapies, and future directions. JACC Basic
Transl Sci. 2020;5:300---13.

68. Restrepo-Gallego M,  Díaz LE, Rondó PHC. Classic and emergent
indicators for the assessment of human iron status. Crit Rev
Food Sci Nutr [Internet]. 2020:1---14.

69. McCullough PA, Uhlig K, Neylan JF, et al.  Usefulness of  oral fer-
ric citrate in patients with iron-deficiency anemia and chronic
kidney disease with or without heart failure. Am J Cardiol.
2018;122:683---8.

70. Filippatos G, Farmakis D, Colet JC,  et  al. Intravenous ferric car-
boxymaltose in iron-deficient chronic heart failure patients with
and without anaemia: a subanalysis of the FAIR-HF trial. Eur J
Heart Failure. 2013;15:1267---76.

71. Jankowska EA, Tkaczyszyn M, Suchocki T,  et al. Effects of intra-
venous iron therapy in iron-deficient patients with systolic heart
failure: a meta-analysis of randomized controlled trials. Eur J
Heart Fail [Internet]. 2016;18:786---95.

72. Ponikowski P, Kirwan BA, Anker SD, et al. Ferric carboxymaltose
for  iron deficiency at discharge after acute heart failure: a mul-
ticentre, double-blind, randomised, controlled trial. Lancet.
2020;396:1895---904.

73. Smith GA, Fisher SA, Doree C, et  al. Oral or parenteral iron
supplementation to reduce deferral, iron deficiency and/or
anaemia in blood donors [Internet]. Cochrane Database Syst Rev.
2014;2014 [cited 06.03.21].

74. Glaspy JA, Lim-Watson MZ, Libre MA, et al. Hypophosphatemia
associated with intravenous iron therapies for iron deficiency
anemia: a systematic literature review. Ther Clin Risk Manag.
2020;16:245---59.

75. Wolf M, Chertow GM, Macdougall IC, et al. Randomized trial
of intravenous iron-induced hypophosphatemia. JCI Insight.
2018;3.

76. Schaefer B, Tobiasch M,  Viveiros A, et  al. Hypophosphataemia
after treatment of  iron deficiency with intravenous ferric car-
boxymaltose or iron isomaltoside --- a systematic review and
meta-analysis. Br J  Clin Pharmacol. 2020.
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