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Abstract

Introduction  and  objectives:  Cardiovascular  diseases  (CVD)  and  cancer  are  some  of  the  most

recognized causes  of  mortality  and  morbidity  worldwide.  Cancer  is  the  second  leading  cause

of death  in  heart  failure  (HF)  populations.  Recent  studies  have hypothesized  that  HF might

promote  the development  and progression  of  cancer.  We  aim  to  analyze  and  discuss  the  most

recent evidence  on the  relationship  between  HF and cancer  development.

Methods:  From  inception  to  November  2022,  we  searched  PubMed,  Web  of  Science  and  Clini-

calTrials.gov for  relevant  articles  on patients  with  HF and  a  subsequent  cancer  diagnosis  that

reported  outcomes  of  overall  and  site-specific  cancer  incidence,  or  mortality.

Results:  Of  2401  articles  identified  in  our original  search,  13  articles  met  our  criteria.  Studies

reporting risk  rate  estimates  were  summarized  qualitatively.  Studies  reporting  hazard  ratios

(HRs), or  relative  risks  were  combined  in  a  meta-analysis  and revealed  that  HF  was  associated

with an  increased  overall  cancer  incidence  with  a  HR=1.30  (95%  CI: 1.04---1.62)  compared  with

individuals without  HF.  Subgroup  analyses  by  cancer  type  revealed  increased  risk  for  lung  cancer

(HR=1.87; 95%  CI:  1.28---2.73),  gastrointestinal  cancer  (HR=1.22;  95%  CI: 1.03---1.45),  hemato-

logic cancer  (HR=1.60;  95%  CI: 1.23---2.08)  and  female  reproductive  cancer  (HR=1.67;  95%  CI:

1.27---2.21).  Mortality  from  cancer  was  higher  in HF  patients  compared  with  non-HF  subjects

with a  HR=2.17  (95%  CI:  1.23---3.84).
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Conclusions:  Our systematic  review  and  meta-analysis  revealed  that  HF  may  result  in a  subse-

quent increase  in cancer  incidence  as  well  as  in  cancer-related  mortality.  The  most  common

cancer subtypes  in HF patients  were  lung,  female  reproductive  system,  and  hematologic  can-

cers. Further  research  is needed  to  understand  this  association  better  and  to  provide  the  best

cardiological and  oncological  care.

©  2024  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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Incidência  de cancro  em  doentes  com  insuficiência  cardíaca:  revisão  sistemática

e  meta-análise

Resumo

Introdução  e  objetivos:  As  doenças  cardiovasculares  (DCV)  e  o  cancro  representam  algumas

das mais  reconhecidas  causas  de morbimortalidade  a  nível  mundial,  sendo  o  cancro  a  segunda

principal  causa  de  morte  nos  doentes  com  insuficiência  cardíaca  (IC).  Estudos  recentes  admitem

a hipótese  de  que  a  IC  poderia  promover  o desenvolvimento  e  a progressão  da  doença  maligna.

O nosso  objetivo  com  este  estudo  é  analisar  e  discutir  a  evidência  mais  recente  que  relacione

a insuficiência  cardíaca  com  o  desenvolvimento  do cancro.

Métodos:  Procedemos  a  uma  pesquisa  na  PubMed,  WebofScience  e  ClinicalTrials.gov  de artigos

publicados  até  novembro  de 2022  que  incluíam  doentes  com  história  de IC  que  tenham  sido  pos-

teriormente  diagnosticados  com  cancro,  tendo  como  resultado  incidência  global  ou  específica

de cada  tipo  cancro  ou mortalidade  por cancro.

Resultados:  Dos 2401  artigos  identificados  na  pesquisa  original,  13  artigos  cumpriram  os  nossos

critérios. Os  estudos  que  descreviam  algum  tipo de  estimativa  de  risco  foram  resumidos  qualita-

tivamente.  Os  estudos  com  resultados  relativos  a  hazard  ratios  (HR),  ou riscos  relativos  foram

combinados  numa  meta-análise,  mostrando  um  aumento  da  incidência  global  do  cancro  dos

doentes com  IC  em  comparação com  indivíduos  sem  IC, com  um  HR  = 1,30  (95%CI:1,04-1,62).  A

análise  de  subgrupos  por  tipo  de  cancro  revelou  um  risco  aumentado  no cancro  do pulmão  (HR

= 1,87;95%CI:1,28-2,73),  nos  cancros  gastrointestinais  (HR  =  1,22;95%CI:1,03-1,45),  nos  cancros

hematológicos  (HR  =  1,60;95%CI:1,23-2,08)  e nos  cancros  do  sistema  reprodutivo  feminino  (HR

= 1,67;95%CI:1,27-2,21).  A mortalidade  por  cancro  foi  mais  elevada  em  doentes  com  IC em

comparação aos  indivíduos  sem  IC  com  um  HR  =  2,17  (95%CI:1,23-3,84).

Conclusões:  Esta  revisão  sistemática  e meta-análise  revelou  que  em  doentes  com  IC verifica-se

um aumento  da  incidência  e mortalidade  por  cancro.  Os  subtipos  de  cancro  mais  incidentes

nos doentes  com  IC foram  os cancros  do pulmão,  sistema  reprodutor  feminino  e  hematológicos.

São necessários  estudos  mais  aprofundados  nesta  área  de  modo  a  melhor  compreender  esta

associação e para  poder  prestar  o  melhor  cuidado  a  esta  população  do ponto  de  vista  cardíaco

e oncológico.

©  2024  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  (CVD)  and cancer  are  some  of
the  most  recognized  causes  of  mortality  and  morbid-
ity  worldwide.1 Heart  failure  (HF)  coupled  with  cancer
contribute  to  almost  50%  of  deaths  in  the middle-age
population.2 Despite  recent advances  in treatment,  HF  mor-
tality  rate  remains  high.3 The  10-year  survival  rate  stands
at  only  35%.4 Cancer  is  the second  leading  cause  of death  in
the  HF  population  after  CVD,  accounting  for  over 15%  of  all
mortality.5,6

Heart  failure  and  cancer  have  been  the  subject  of  much
debate  in  the  scientific  community.  Recent  epidemiological
and experimental  studies  have  supported  the  link  between

these  two  conditions,  suggesting  that  the relationship
between  HF  and  cancer  relation  may  be a two-way  street.

In  one direction,  a vast  amount  of evidence  suggests
that  cancer  patients  have  a  higher  risk  of  developing
HF. In  fact,  the  cardio-oncology  field  has  recognized  the
negative  impact  of  oncological  treatment  on  the heart,
demonstrating  the  cytotoxic  contribution  of these thera-
pies  to  the development  of HF.7 In the  other  direction,
recent  studies  have suggested  that  a  diseased  heart  may
promote  cancer  development  and progression.8---16 These
two  apparently  distinct  clinical  entities  share  similar  risk
factors,  symptoms,  and  pathophysiological  mechanisms
---  inflammation,  metabolic  disturbances,  neurohormonal
and  immune  system  activation,  and  endothelial  dysfunc-
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tion  and  may  explain  the coexistence  of  these  two
diseases.1,7

Further  research  into  this  topic  is  essential  and  could
have  a  significant  impact  on  clinical  practice.  The  diag-
nosis  of  new  cancers  worsens  HF  prognosis,  impairing
patients’  already  weak homeostasis.  In addition,  the  inci-
dence  of  cardiotoxicity  caused  by  oncological  treatments  is
higher,  limiting  the  therapeutic  options  that  can  be  offered,
which  contributes  to higher  mortality.17 Improved  acknowl-
edgment  of this  topic  may  enable  risk  stratification  in
predisposed  patients  promoting  early  prevention  and  opti-
mal  management  in the era of  increasingly  personalized
medicine.  A one  size-fits-all  treatment  approach  is  ineffec-
tive  for  these  patients.18

In recent  years,  epidemiological  studies  have  been
conducted  to  identify  whether  patients  with  HF  have
an  increased  risk  of incident  cancer  and its  impact  on
mortality.8,19,20 Additionally,  they  have  investigated  the dif-
ference  in  incidence  between  multiple  subtypes  of  cancer,
as  well  as factors  that  may  influence  this relationship,  such
as  age,  sex,  or  number  of  hospitalizations.  Even  though  there
is  a  previous  systematic  review21 on  the  topic,  it  reports  on
only  four  studies  and  since then,  larger,  and more  detailed
studies  have  been published,  some  of  them with  conflict-
ing  results.  Furthermore,  to  the best  of  our  knowledge,  our
review  is  the first  one  that  gives  a site-specific  cancer  quan-
titative  analysis  to  understand  better  which  types  of  cancer
may  be  more  involved  in this  possible  association.

Objectives

In  this  systematic  review  and  meta-analysis,  we  aim  to  ana-
lyze  and  discuss  the  most  recent  epidemiological  and  clinical
evidence  on new-onset  cancer  in HF  population,  exploring
cancer  incidence  and  mortality  in this population,  compar-
ing  it  with  non-HF  subjects.  We  also  aim  to  ascertain  whether
some  types  of  cancer  are more  sensitive  than others  to  this
possible  association,  such as  lung,  breast,  prostate,  hemato-
logic,  skin,  gastrointestinal  and  female  reproductive  system
diseases.

Methods

Data  sources  and searches

The  present  review  was  produced  according  to  the
recommendations  of  the Preferred  Reporting  Items  for  Sys-
tematic  reviews  and  Meta-analyses  (PRISMA)  guidelines.22

We  searched  MEDLINE,  Web  of Science  and  ClinicalTrials.gov
from  inception  to  November  2022.  We  searched  terms  such
as  ‘‘heart  failure’’,  ‘‘cancer’’,  ‘‘neoplasm’’,  ‘‘incidence’’,
‘‘mortality’’,  ‘‘cohort’’;  ‘‘case  control’’;  ‘‘cross  section’’,
‘‘RCT’’  (randomized  controlled  trial).  The  queries  used  for
each  database  are  described  in more  detail  in  Table  S1 (sup-
plementary  material).

Study  selection

Regarding  primary  study  selection,  the process  involved  two
phases:  the  screening  phase,  in which  all  records  identi-

fied by  searching  the databases  were  selected  by  title  and
abstract;  and  in  second,  the  inclusion  phase  that  consisted
in  reading  the full  text  of  eligible  articles.  Two reviewers
independently  assessed  all records  in all  phases  of  the study
search,  selection,  data  extraction,  methodological  qual-
ity  assessment  and risk  of  bias  analysis.  Differences  were
resolved  by  consensus  (Figure  1).

The  inclusion  criteria  were  as  follows:  (1)  observational
studies  (cohort,  case---control,  or  cross  section  studies)  or
randomized  controlled  trials;  (2)  population  of  patients  with
diagnosis  of  HF and  cancer;  (3)  any  type  of  cancer  incidence
or  mortality  as  a  result  outcome;  (4)  Any new  cancer  diag-
nosis  in patient  with  HF  history.  The  exclusion  criteria  were
as  follows:  active  cancer  at time  of enrolment,  acutely  ill
patients,  pediatric  age.

Additionally,  to  be included  in our  meta-analysis,  articles
had  to  meet both  of  the following  criteria:  they reported  a
risk  estimate  (e.g.,  hazard  ratio  (HR)  or  equivalent  estimate
relating  pre-existing  HF  to  subsequent  cancer  diagnosis  or
mortality)  and  they  reported  an  estimate  of  precision,  such
as  a standard  error  or  95%  confidence  interval  (CI).  More-
over,  to  be  included  in meta-analysis  studies,  they  needed  a
defined  non-HF  control  group.

Data extraction and  quality assessment

A data  extraction  sheet  based on  the  Cochrane  Consumers
and  Communication  Review  Group’s  data  extraction  tem-
plate  was  created  and  adapted  to  collect  all  relevant  data
from  each  study  that  met  the  criteria.  Data  were  collected
by  two  independent  reviewers  and  disagreements  between
reviewers  were resolved  by  consensus.  In the  event of  per-
sisting  disagreement,  a  third  reviewer  was  consulted.  For
each  study,  we  extracted  the  following  information:  publi-
cation  characteristics  (authors  and publication  year),  study
design,  duration  of  follow-up,  mean  age,  gender  proportion,
number  of  patients,  intervention,  and outcome  classifi-
cation,  analyzed  outcomes,  subtypes  of cancer,  adjusted
variables  and  exclusion  criteria  (Table  1).

The  main  outcomes  of  interest  were  incidence  of  all  type
of  cancer,  incidence  of  cancer  subtypes,  with  at least  four
risk-estimates  of  incidence,  or  cancer  mortality.

All included  studies  were  evaluated  for  their  method-
ological  quality  following  the  National  Institutes  of  Science
Quality  Assessment  Tool. The  overall  risk  of  bias  was  inde-
pendently  assigned  to  each study  and  classified  as  ‘‘good’’,
‘‘fair’’,  or  ‘‘poor’’,  as  detailed  in  Figure S1  (supplemen-
tary  material).

Data synthesis  and  statistical  analysis

Hazard  ratios  reported  with  95%  confidence  interval  were
extracted  from  each  individual  study  and used  as  the  effect
measure.  All analyses  were  conducted  using  Review  Man-
ager  version  5.4.1.  For all  outcomes  considered,  the  Generic
Inverse  Variance  method  was  used along  with  a random
effects  analysis  model.  For  each  individual  study  and  out-
come  considered,  the  lnHR  was  calculated  to  estimate  the
intervention  effect;  additionally,  standard error  (SE)  with
95%  CI  was  calculated.
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Table  1  Baseline  characteristics  of  included  studies.
Study (year)

Country

Study type Follow-up

(years±SD)

Mean age

(years±SD)

Male (%) HF

(No.)

Control

(No.)

Intervention

classifica-

tion

Outcome

classifica-

tion

Analyzed

outcomes

Subgroup

analysis

Subtypes  of cancer Adjusted variables Exclusion

criteria

Bertero et al.10

(2022)

Italy

Retrospective

cohort

≥5  76±10 46.8 104020 104020 HDR with a

diagnosis of

HF or

received a

HFW  for HF

within the

previous 12

months

ICD-9-CM  or

ATC codes

assigned  in

outpatient

visits, HDRs,

and HFWs

Cancer

incidence

and cancer

mortality

Age; sex;

diuretic

dose; hospi-

talizations

Upper digestive

system, colorectal

cancer, liver,

pancreas, others of

digestive system,

lung, others of

respiratory system,

melanoma, others

of  skin, soft tissues

or  bones, breast,

urinary system,

male reproductive

system, female

reproductive

system, head and

neck,  nervous

system, endocrine

system, lymphoma,

multiple myeloma,

leukemia

Age,  sex,

drug-derived

complexity index,

Charlson

comorbidity index,

and follow-up

duration

3 years prior

cancer diagnosis

Sagastagoitia-

Fornie et al.15

(2022)

Spain

Prospective

cohort

4.07  66.9±8.2 81.8 1909 General

Spanish

popula-

tion

Clinical

registry and

case by

case review

by a  clinical

cardiologist

Clinical

records,

case  by case

review by a

clinical car-

diologist,

autopsy

reports,

medical

certificates

of dead

Cancer

incidence

and cancer

mortality

Age, sex,

risk factors,

cancer  type

Lung; skin; prostate;

urinary bladder;

kidney; suprarenal;

colorectal;

stomach; pancreas;

liver; small bowel;

esophagus; breast;

ovary; thyroid;

pharynx; larynx;

tongue; oral

mucosa; maxillary

sinus; salivary

gland; lymphoma;

leukemia; central

nervous system;

unknow primary site

Age, gender, history

of smoking, history

of  alcohol abuse,

diabetes mellitus,

body mass  index,

hypertension,

dyslipidaemia,

coronary artery

disease, chronic

obstructive

pulmonary disease,

previous history of

malignancy, chronic

renal failure

(glomerular

filtration rate <60

ml/min), anemia,

NYHA class  III,

serum  NTproBNP,

LVEF, diuretic use,

ACE inhibitor use,

ARB use,

sacubitril-valsartan

use, beta-blocker

use,

mineralocorticoid

receptor antagonist

use,  ivabradine use

and digoxin use

Nonmelanoma

skin  cancer

4
0
2
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Table  1  (Continued)
Study (year)

Country

Study type Follow-up

(years±SD)

Mean age

(years±SD)

Male (%) HF

(No.)

Control

(No.)

Intervention

classifica-

tion

Outcome

classifica-

tion

Analyzed

outcomes

Subgroup

analysis

Subtypes  of cancer Adjusted variables Exclusion

criteria

Kwak et al.13

(2021)

Republic of

Korea

Retrospective

cohort

4.06  67.1±12.4 51.9 101924 578266 ICD-10-CM

with at

least one

hospital

admission

attributed

to  HF

diagnosis

ICD-10-CM

codes of

cancer, and

new

registration

of the

patient to

the NHIS

enhanced

benefits

coverage

registry by

the cancer

diagnosis

Cancer

incidence

Re-

hospitali-

zations;

cancer  type

Gastrointestinal;

liver/biliary; lung;

prostate;

hematology;

genitourinary;

thyroid; breast;

female

reproductive; head

and neck; skin

Age, sex, income,

diabetes mellitus,

smoking,  alcohol

consumption, body

mass index;

hypertension and

dyslipidaemia

Prior  cancer

Leedy et al.8

(2021)

Denmark

Prospective

cohort

8.4  63.07±7.2 0 3272 146817 Medical

records

cohort and

self-report

cohort

Self-

reported

cancers

were docu-

mented

with

medical

records,

and

centrally

reviewed

and coded

Cancer

incidence

Age;

ejection

fraction;

cancer  type

Obesity-related;

tabaco-related;

lung; breast;

colorectal

BMI,  diabetes,

smoking, age at

enrollment,

baseline PCP visit

within 1-year,

physical activity,

alcohol, ethnicity,

education, income,

hormone use ever,

hypertension,

cardiac medication

use,  family history

of cancer, history of

CVD  and high

cholesterol

No  follow-up

time.

Self-reported

HF or cancer  at

enrollment

Roderburg et al.

(2021)9

Germany

Retrospective

cohort

10  72.6±12.2 46  100124 100124 ICD-10

codes

ICD-10

codes

Cancer

incidence

Sex;  cancer

type

Lips, oral  cavity,

and pharynx;

digestive organs;

skin; breast; genital

organs; urinary

tract; lymphatic and

hematopoietic

tissue

Sex,  age, index  year,

obesity, diabetes,

consultation

frequency

No  follow-up

time of  at least

12 months prior

index  date.

Prior cancer

Schwartz

et al.20 (2020)

Denmark

Retrospective

cohort

3  (HF)

6.8  (control)

70.9±13.3 45  167633 837126 ICD-10

codes

ICD-10

codes

Cancer

incidence

Previous

ischemic

disease;

cancer  type

Lung, liver/gall

bladder; gastric;

colon;  rectal;

prostate; bladder;

renal; testicular;

ovarian; breast;

hematologic;

melanoma;

non-melanoma skin

cancer

Age, sex, baseline

prevalence of

ischemic heart

disease  (including

prior MI),  diabetes,

COPD, liver disease,

and  chronic kidney

disease  as present

at  baseline, baseline

use of  aldosterone

antagonists,

beta-blockers, ACE

inhibitors, oral

anticoagulation,

antiplatelet therapy

3 months  prior

cancer diagnosis
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Table  1  (Continued)
Study (year)

Country

Study type Follow-up

(years±SD)

Mean age

(years±SD)

Male (%) HF

(No.)

Control

(No.)

Intervention

classifica-

tion

Outcome

classifica-

tion

Analyzed

outcomes

Subgroup

analysis

Subtypes  of cancer Adjusted variables Exclusion

criteria

Lam et  al.23

(2020)

USA

Retrospective

and prospective

cohort

14 (incidence)

7  (mortality)

63±7.0 0 665  673  Self-

reported by

patients

Centralized

review and

coded by

trained

cancer epi-

demiologist

and

physician

Cancer

incidence

and cancer

mortality

---  Female breast Age; race; BMI;

WHR; diabetes

mellitus;

hypertension;

myocardial

infarction; coronary

artery disease;

atrial fibrillation;

pulse; systolic blood

pressure; smoking;

alcohol  use; total

physical activity

(metabolic

equivalent---hours

per  week)

hemoglobin;

menopausal

hormone therapy

trial participation

and menopausal

hormone therapy

trial arm; age at

menarche; parity;

oophorectomy; and

hysterectomy

Prior  breast

cancer

Oikawa et al.19

(2019)

Japan

Prospective

cohort

6.5  67.7±11.7 69.4 3064 3064 Medical

chart

review

Framingham

criteria

Case

reports,

death

certificates

and medical

records

provided  by

the investi-

gators

Cancer

mortality

Age,  sex,

BMI,

smoking,

hyperten-

sion,

diabetes

mellitus,

MI, CRP,

pharmaco-

logical

treatment;

cancer  type

Lung; gastric;

colorectal;

pancreas; bile duct;

blood; liver;

esophagus;

prostate; bladder;

kidney; head and

neck; brain; gall

bladder;  ureter;

mammary;  uterine

Others

Age,  sex, BMI,

smoking,

hypertension,

diabetes mellitus,

dyslipidaemia,

stroke, myocardial

infarction, ACE-I  or

ARB,  � blocker,

antiplatelet, and

statin

<20  years, prior

cancer

Selvaraj et  al.

(2018)

USA

Retrospective

cohort

19.9  55±10 100  1420

(men)

26921 Self-report,

validated by

Framingham

criteria

Self-report

confirmed

by

pathology

or  cytology

reports

Cancer

incidence

and cancer-

specific

mortality

Age,

smoking,

aspirin use

Hematologic

cancer; smoking

related cancer;

obesity-related

cancer; lung cancer;

prostate;

melanoma;

colorectal cancer

Sex,  age,  Charlson

comorbidity index

Nonmelanoma

skin  cancer

Sakamoto

et al.16 (2017)

Japan

Retrospective

cohort

14  64±12 59.9 106  ---  Framingham

criteria

Medical

records

Cancer

incidence

Time  of

onset of  HF

and cancer

--- Stomach; lung;

prostate; breast;

colon

Age  and sex

4
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Table  1  (Continued)
Study (year)

Country

Study type Follow-up

(years±SD)

Mean age

(years±SD)

Male (%) HF

(No.)

Control

(No.)

Intervention

classifica-

tion

Outcome

classifica-

tion

Analyzed

outcomes

Subgroup

analysis

Subtypes  of cancer Adjusted variables Exclusion

criteria

Banke et al.11

(2016)

Denmark

Retrospective

cohort

4.5±2.3 67.8±2.2 72.6 9307 4959275 Clinical

evaluation

and

echocardio-

graphy

ICD-10

codes

without

cancer

confirma-

tion

Cancer

incidence

and

all-cause

mortality

Comorbidity;

pharmaco-

logical

treatment;

type  of

cancer

Colon;  liver system;

lung; melanoma;

breast;  prostate;

kidney; lymphoma

Sex,  age,  date,

follow-up time

Prior cancer

Hasin et al.12

(2016)

USA

Prospective

cohort

4.9±3  64±15 60  228  853  Medical

chart

review

(Framing-

ham

criteria)

Anatomic

and system

primary

involvement

Cancer

incidence

and

multiple

sources

mortality

Age,  sex,

time from

MI, type of

cancer

Digestive system

cancer; male

reproductive;

hematologic;

breast; respiratory;

urinary; female

reproductive; skin;

other cancers

Initial adjustment

was made for  age,

sex, and Charlson

comorbidity index.

Additional

adjustment was

made for

hypertension,

smoking, BMI,

anterior MI, peak

cTnT, Killip class,

reperfu-

sion/revascularization,

and treatment  with

aspirin at  hospital

discharge

Prior  cancer,

non-melanoma

skin  cancer

Hasin et al.14

(2013)

USA

Case---control

and cohort

7.7±6.4 73±14 47  596  596  Medical

chart

review

(Framing-

ham

criteria)

Medical

chart

review

without

specific

cancer

confirma-

tion

Cancer

incidence

and

multiple

sources

mortality

---  Digestive;

respiratory;

hematologic; male

reproductive

Sex,  age,  index

year, body mass

index,  smoking,

comorbidity

Prior cancer

ACE: angiotensin-converting enzyme; ARB: angiotensin II receptor blockers; ATC: anatomical therapeutic chemical; BMI: body mass index; COPD: chronic obstructive pulmonary disease;
CRP: C-reactive protein; cTnT: cardiac troponin T;  HDR: hospital discharge record; HF: heart failure; HFW: health care cost related fee waiver; ICD-CM: International Classification of
Diseases --- Clinical Modification; MI: myocardial infarction; NHF: no heart failure; NHIS: National Institute of Health Science; NTproBNP: N-terminal pro-B-type natriuretic peptide; NYHA:
New York Heart Association; PCP: primary care provider; SD: standard deviation; SEER: surveillance, epidemiology, and end results; USA: United States of  America; WHR: waist---hip ratio.
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Records identified throug h 

database searching (PubMed, 

Web of S cience, Clinicaltri-

als.gov)  (n=2401)

Rec ords removed  before  

screening:

-Duplicated records removed

(n = 562) 

Rec ords screened

(n =1839)

Records excluded by title/ab-

stract:

(n = 1777)

Full  text arti cles ass ess ed for eli-

gibil ity

(n =62)

Full-text articles excluded,  with 

reasons (n=49):

- Did not evaluate the outcome 

(n=10)

- Did not disce rn if  cance r occ urs 

after HF (n=28)

- HF diagnosis is not well defined 

(n=11)

Stud ies  includ ed  in qualitative 

synthesis (n=13)

Id
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n
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Stud ies  includ ed  in quanti tative

synthesis (meta- analysis) (n =9) 

E
li

g
ib

il
it

y

Articles excluded in meta-analyses, 

with reasons (n=4):

- Did not have risk mea sure and/or 

did not a have an adequ ate control 

group 

Figure  1  Flow  diagram  of  the  studies  selection  according  to  PRISMA  guidelines.

To  estimate  heterogeneity,  the I2 statistic  was  used.  If
several  estimates  were  reported  in the same  article,  we
chose  the  most  fully  adjusted  estimate  (i.e.,  multivariate
regression  was  selected  over  univariate  regression).  If  an
article  gave  site-specific  as  well  as  overall  estimates,  the
overall  estimate  was  used in  the primary  meta-analysis
and  site-specific  estimates  were  used in meta-analyses  by
cancer  site.  If an article  reported  multiple  estimates  by
subgroup,  these  estimates  were  entered  separately  into
our  meta-analysis.  If  a  study  gave  more  than  one estimate
for  the  same  result,  for example,  if one  of  the estimates
exclude  the  cancer  diagnosed  in  the first  years,  we  used
that  one.  Then,  sensitivity  analyses  were  conducted  by
excluding  the studies  that only include  men  or  women,
the  studies  that  include  patients  with  cancer  history  in
the past  and by  omitting  each  estimate  one  at a  time
(Figure  S2  ---  supplementary  material).

Results

A total  of  2401  studies  were  retrieved  using  the  above
methodology.  After  removing  562  duplicates,  1839  records

were  assessed  for  eligibility.  Concerning  the screening
phase,  1777  articles  were not eligible  for  not meeting
our  inclusion  criteria.  Therefore,  62  eligible  studies  were
selected  for  full  reading  and  assessment.

Thirteen  observational  studies,  published  between  2013
and  2022, were included  in  the qualitative  analysis  and  their
results  were  reviewed  and  discussed  (Figure  1).  Of  these
13  studies,  seven  assessed  cancer  incidence  and mor-
tality,  five  assessed  only cancer  incidence,  while  one
assessed  exclusively  mortality.  The  main  characteristics
and  outcomes  of these studies  have  been  summarized  in
Tables  1  and  2.

In  general,  studies  included  in the  qualitative  analy-
sis demonstrated  an overall  bias of low risk  according  to
National  Institutes  of Health  quality  assessment  tool.  Nine
studies  were  ≥11 in a  total  of  14  questions  and  were con-
sidered  to  be good  quality,  whereas  the remaining  studies
pointed  between  8  and  10  in 14  and  were  considered  to  be
fair  quality.  The  major  concerns  were  related  with  short
timeframe  for  follow-up,  the assessment  of outcome  of
interest  more  than  once  or  by  different  methods  and the
investigator’s  blindness  was  not  reported  in  most  of  the
studies  (Figure  S1 ---  supplementary  material).
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Figure  2  Forest  plot  of  the  random  effect  models  for  estimating  the  pooled  overall  cancer  incidence  in patients  with  HF  compared

with patients  without  HF.  The  diamond  represents  the  combined  effect  and  the respective  confidence  interval.

Incidence  of all-cancer  types

Accounting  the  12  studies  that  report  a  risk  estimate  for
all-cancer  type  incidence,  8  found  a significantly  associa-
tion  favoring  a  higher  all-cancer  type  incidence  in the group
of patients  with  prior  HF  diagnosis,  while  four suggest  no
significant  association  (Table  2).

Of  the  studies  reporting  incidence  of  cancer,  nine  pro-
vided  adjusted  Cox  or  Poisson  models  (HRs  or IRRs  (incidence
risk  ratios))  of  the  risk  of  developing  cancer  in HF  group
comparing  with  the group  of  patients  without  HF.  These  stud-
ies  were  included  in  the  quantitative  analysis,  that  took
in  consideration  data  availability  (Table  S2 ---  supplemen-
tary  material). The  studies  included  in  this analysis  assessed
a  total  of  7  238  643  patients  (487  931 in the HF group  and
6  750  718  in  control  group).

Of  these  nine  estimates,  six reported  that  HF  was  associ-
ated  with  significantly  increased  risk  of  all-cancer  patients,
two  indicates  that HF  was  associated  with  non-significantly
increased  cancer  risk  and  1 that  HF  was  associated  with
non-significantly  decreased  cancer  incidence.

The  pooled  HR  for  risk  of  overall  cancers  in patients  with
prior  HF  diagnosis  compared  with  those  without  HF  was  1.30
(95%  CI:  1.04---1.62,  p=0.02;  I2=99%,  p<0.001)  (Figure  2).

Sensitivity  analyses

Sensitivity  analyses  were  conducted  first  by  excluding  the
studies  that  only include  men  or  women,  with  a HR=1.34
(95%  CI:  1.04---1.13,  p=0.02).  The  percentage  of  men  ver-
sus  women  subjects  was  not  similar  between  the  studies,
therefore,  to  explore  in depth  the impact  of  gender  on
results,  we  made  a subgroup  analysis  by  gender  including
the  studies  that provide  this  data  (Tables  S3 and  S4 ---  sup-
plementary  material),  observing  an outstanding  association
in  the  women  subgroup  (HR:  1.55  (95%:  1.20---2.00,  p<0.001))
than  in  men  (HR:  1.38  (95%  CI:  1.11---1.73,  p=0.005)).

Second,  we  conducted  sensitivity  analyses  by  excluding
the  studies  that  include  patients  with  cancer  history  in the
past, obtaining  a HR  of 1.39  (95%  CI:  1.02---1.89,  p=0.04).

Finally,  we  evaluated  the influence  of  each study  on the
overall  estimate  by  calculating  a pooled  HR, omitting  each
estimate  1 at a  time.  The  omission  of  any  one  study  did
not  appreciably  change  the  pooled  HR,  and the estimates

in  each  case  were  well  within  the  confidence  limits  of  the
overall  estimate  (Figure S2  ---  supplementary  material).

Incidence by cancer  site

Lung  cancer

Seven  cohorts  reported  results  for  incidence  of  lung  cancer.
All  studies  showed higher  lung  cancer  incidence  in the group
of  patients  with  prior  HF diagnosis.  The  pooled  HR was  1.87
(95%  CI: 1.28---2.73,  p<0.001;  I2=99%,  p<0.001)  indicating  a
significantly  increased  risk  of lung  cancer  diagnosis  in HF
patients  compared  with  the group  without  HF  (Figure  3A).

Female  breast  cancer

For  incidence  of  female  breast  cancer,  seven  cohorts
reported  results.  Three  of  the studies  indicate  a significan-
tly  increased  risk  and four of  them  reported  no  significant
association.  Lam23 did not  report  an  HR  estimate,  and  there-
fore  was  only included  in the qualitative  analyses  (Table  2).
The  pooled  HR  of  the  six  remaining  studies  was  1.23  (95%  CI:
0.97---1.55,  p=0.08;  I2=97%,  p<0.001)  showing  that  there  is  no
significantly  increased  risk  of  breast  cancer  diagnosis  in HF
patients  compared  with  the group  without  HF  (Figure  3B).

Gastrointestinal  cancers

Seven  cohorts  reported  results  for  incidence  of  gastrointesti-
nal system  cancer.  Five  of  the studies  indicate  a significant
increased  risk  and  four of  them  reported  no  significant  asso-
ciation.  The  pooled  HR  was  1.22  (95%  CI:  1.03---1.45,  p=0.02;
I2=97%,  p<0.001)  indicating  significantly  increased  risk  of
gastrointestinal  cancer  diagnosis  in  HF  patients  compared
with  the  group  without  HF  (Figure  3C).

Hematologic  cancers

Six  cohorts  reported  results  for  incidence  of  hematologic
cancer  (leukemia,  lymphoma,  or  multiple  myeloma).  Five of
the  studies  indicate  a significantly  increased  risk,  and  two
of  them  reported  no  significant  association.  The  pooled  HR
was  1.60  (95%  CI:  1.23---2.08,  p<0.001;  I2=98%,  p<0.001)  indi-
cating  a  significantly  increased  risk  of  hematologic  cancer
diagnosis  in HF patients  compared  with  the  group  without
HF  (Figure  3D).
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Table  2  Study  aims  and  general  results  of  included  studies  in  the qualitative  review.

Study  Aim  Main  outcomes

Bertero  et  al.10 ‘‘Assess  cancer  incidence  and  mortality

according  with  pre-existing  HF  in a

community-based  cohort.’’

-  The  cancer  incidence  rate  was  higher  in

patients  with  HF compared  with  control

subjects,  the association  maintains  after

excluding  the  cancer  diagnosis  in  the  first  year.

While the  incidence  of  all types  of  cancer

increased  with  age,  HF-related  excess  risk  was

consistent  across  all age  groups.  The  overall

and type-specific  risks  of  cancer  were  similar

in men  and  in  women.  The  increased  risk  of

incident cancer  in  HF patents  applied  to  most

malignancies.  The  risk  of  melanoma,  breast

cancer,  and  neoplasms  of  the  endocrine  system

did not  differ  between  cases  and  control.

- HF patients  died  secondary  to  cancer  more

frequently  than  control  subjects.  The  excess

risk  of  cancer  death  applied  to  all  age  groups

but  declined  with  age.  Increased  risk  of  death

caused  by  cancer  was  detected  for  all  types  of

malignancies.  The  increased  risk  of  cancer

mortality  was  seen  both  in men  and  in  women.

- HF patients  with  a  high  consumption  of  loop

diuretic  agents  also  had  higher  cancer

incidence  and  mortality.

Sagastagoitia-Fornie

et al.15

‘‘Assess  the  incidence  of  new  cancer

diagnoses  and  cancer-related  mortality  in

patients with  HF,  and  to  compare  them  with

those  estimated  for  the  general  Spanish

population.  Additionally,  they  aim  to

identify  specific  risk  factors  for  cancer  in

the  HF  population,  as  well  as to  assess  the

prognostic  impact  of  pre-existing  HF.’’

-  Crude  incidence  rates  of  malignancy

observed  in  the study  population  were

significantly  higher  than  those  expected  for

the general  Spanish  population,  both  in  women

and in men.  Age,  a  history  of  smoking  and  the

prescription  of  ACE  inhibitors  at baseline  were

associated  with  statistically  increased  risk of

incident  malignancies.

-  New  malignant  disease  during  follow-up  were

associated  with  statistically  significant  higher

risk of  any  death  cause,  as compared  with  the

absence of  malignancy,  both  in  women  and  in

men. Crude  incidence  rate  of  malignancy  was

higher  among  patients  with  LVEF  ≤40%  than

patients  with  LVEF  >40%.

Kwak et  al.13 ‘‘Evaluate  the association  between  HF and

cancer  using  data  from  Korean  National

Health  Insurance  Service  claims  database.’’

- HF group  demonstrated  a  significantly

increased  risk of  overall  cancers  with  a  smaller

HR  in  the 2 years  lag  analysis  compared  to  that

of no  lag  analysis.  Among  the  site-specific

cancers,  in  the  2 years  lag  analyses  the  risk

remained  higher  for  liver/biliary/pancreas,

lung and  hematologic  malignancies,  while  the

statistical  difference  was  lost  for  the  other

site-specific  cancers.

- Regarding  the  subgroups  by  MI  history,  the

risk of  overall  cancers  remained  significant  for

HF patients  without  MI history  while  it  was  not

in those  with  MI  history.

- The  incidence  for  all  cancers  were  higher  for

patients  with  more  re-hospitalization

compared  to  those  without.
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Table  2  (Continued)

Study  Aim  Main  outcomes

Leedy  et  al.8 ‘‘Investigate  the  association  of  HF with

incident  cancer  among  a  large  cohort  of

post-menopausal  women.’’

-  HF was  significantly  associated  with

subsequent  risk  of  cancer.  Increased  risk  was

observed for  obesity-related,  lung,  and

colorectal  cancers,  but  not  for  breast  or

tobacco-related  cancer.

- After  stratifying  by  LVEF,  HFpEF  appeared  to

be more  strongly  associated  with  total  cancer

as well  as  site-specific  lung  and  colorectal

cancers  than  HFrEF.

Roderburg et  al.9 ‘‘Record  the  incidence  of  cancers  in  heart

failure  patients  in  general  as  well  as

malignancies  of  individual  organ  system.’’

- HF was  significantly  associated  with  the

incidence  of  cancer.

- A  significant  association  was  found  between

HF and  all cancer  sites  assessed.

- The  strongest  association  was  observed  for

cancer of  lip, oral  cavity,  and  pharynx,

followed  by  respiratory  organs  and  genital

organs  of  female  patients.

Schwartz  et  al.20 ‘‘Examine  the  hypothesis  that  HF  may

increase  the  overall  risk of  malignancy.’’

-  Patients  with  HF  had  higher  cancer

incidence,  however,  after  adjustment  for

comorbidities  the  increased  risk  of  malignancy

was  greatly  attenuated  for  incident  all-cause

cancer  and  dissipated  altogether  after

additional  adjustment  for  medications.

Although  it  remains  higher  in  lung  cancer  and

hematologic  cancer.

- In  patients  with  ischemic  heart  disease,  the

increased  risk  of  all-cause  cancer  was  only

marginally  increased  after  adjustment  for

baseline  comorbidities.

Lam et  al.23 ‘‘Examine  the  temporal  association

between  HF  and  breast  cancer.’’

- There  was  no difference  in the  incidence  of

invasive  or  all breast  cancer  between  women

with  or  without  prevalent  HF.

- Women  with  prevalent  HF or  prevalent  and

interim  HF  had  a  higher  risk  of  mortality  after

incident invasive  breast  cancer  compared  with

women  without  HF.  The  association  of  incident

breast  cancer  by  prevalent  HF  with  all-cause

mortality  was  unaffected  by  the  competing

risk of  death.

Oikawa et  al.19 ‘‘Examined  wether  HF increases  cancer

death,  especially  with  a  reference  to

inflammation  using  CHART-  2  (Chronic  HF

Registry  and  Analysis  in  the  Tohoku

district-2  cohort.)’’

-  HF  patients  had  significantly  higher  cancer

mortality  than  those  without  HF.

Selvaraj et al.24 ‘‘Determine  whether  HF is associated  with

cancer incidence  and  cancer-specific

mortality.’’

- HF  was  not  associated  with  cancer  incidence.

- No  association  was  found  between  HF  and

site-specific  cancer  incidence  or

cancer-specific  mortality  after  multivariable

adjustment.

Sakamoto et  al.16 ‘‘Investigate  the  time  of onset  of  each

cancer  and HF and  examined  the

prevalence  of  HF  preceding  cancer  onset.’’

- When  we  omitted  the  patients  whose  cancer

diagnosis  occurred  prior  to  their  diagnosis  of

chronic  HF,  we  observed  a  significantly  higher

incidence  of  cancer  in patients  with  HF than  in

controls.
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Table  2  (Continued)

Study  Aim  Main  outcomes

Banke  et  al.11 ‘‘Assess  the  incidence  of  risk  of  cancer  and

all-cause  mortality  in a  Danish  HF cohort.’’

-  Risk  of  any  type  of  cancer  was  increased  in

the HF  group.  Type-specific  analysis

demonstrated  an  increased  hazard  ratio  for  all

major  types  of  cancer  except  for  prostate

cancer.  When  stratified  by  age,  incidence  rates

were  increased  in  all  age groups  in  the HF

cohort.

- All-cause  mortality  was  higher  in  HF patients

with  cancer  compared  with  cancer  patients

from the  background  population.

-  Analysis  of  comorbidity  within  the  HF cohort

revealed  previous  myocardial  infarction  and

ACE  inhibitors  pharmacological  treatment  as

associated  with  an  increased  risk  of  cancer.

Hasin et  al.12 ‘‘Examine  whether  HF  was  associated  with

an increased  risk  of  subsequent  cancer

among  population  of  first  myocardial

infarction  survivors.’’

-  HF patients  had  a  higher  risk  of  developing

cancer.

-  The  mortality  associated  with  cancer  were

higher for  HF  patients  compared  with  patients

without  HF.

- Both  HF  and  cancer  were  independently

associated  with  increased  mortality  after  MI.

- The  risk  was  higher  in women  compared  with

men. And  higher  in the  group  of  patients  with

>75 years.

- Among  patients  with  HF,  the most  common

types  of  cancer  were  respiratory,  digestive,

and hematologic.

-  Patients  with  HFrEF  had  an  increased  risk  of

cancer  compared  with  patients  with  HFpEF.

Hasin et  al.14 ‘‘Evaluate  the risk  of  cancer  in  patients

with HF  compared  with  community  controls

and to  determine  the  impact  of  cancer

post-HF  on outcomes.’’

-  HF patients  had  a  higher  risk  of  developing

cancer.  The  risk  was  similar  for  men  and

women.

- Incident  cancer  was  associated  with  a  large

increased  risk of  death.

-  Cancer  was  not  associated  with  preserved

versus  reduced  ejection  fraction.

ACE: angiotensin-converting enzyme; HF: heart failure; HFpEF: heart failure with preserved ejection fraction; HFrEF: heart failure with
reduced ejection fraction; HR: hazard ratio; LVEF: left ventricular ejection fraction; MI: myocardial infarction.

Female  reproductive  system  cancers

Four  cohorts  reported  results  for  incidence  of  female  repro-
ductive  system  cancer  (including  ovarian  and  uterus).  Three
of  the  studies  indicate  a  significantly  increased  risk  and 1
of  them  reported  no  significant  association.  The  pooled  HR
was  1.67  (95%  CI: 1.27---221,  p<0.001;  I2=92%,  p<0.001)  indi-
cating  a  significantly  increased  risk  of female  reproductive
system  cancer  diagnosis  in HF  patients  compared  with  the
group  without  HF  (Figure  3E).

Prostate  cancer

Five  cohorts  reported  results  for  incidence  of prostate  can-
cer.  Only  one  of  the  studies  indicate  a  significantly  increased
risk,  three  reported  a  significant  decrease  in cancer  inci-
dence  and  one  indicated  no  significant  association.  The
pooled  HR  was  0.97  (95%  CI:  0.67---1.20,  p<0.001;  I2=97%,
p=0.46)  indicating  no  significantly  decreased  risk  of  prostate

cancer  diagnosis  in  HF patients  compared  with  the  group
without  HF (Figure  3F).

Skin  cancers

Six  cohorts  reported  results  for incidence  of  skin  cancer.
Four  of  the studies  indicate  a  significantly  increased  risk
and  three  of  them  reported  no significant  association.  The
pooled  HR was  1.19  (95%  CI:  0.83---1.72,  p=0.34;  I2=99%,
p<0.001)  suggesting  no  significantly  increased  risk  of skin
cancer  diagnosis  in  HF patients  compared  with  the  group
without  HF (Figure  3G).

Cancer  mortality

Five cohorts  reported  results  for  cancer-specific  mortality
in  HF  patients  compared  with  patients  without  HF. All  stud-
ies  found  a significant  increase  in  cancer  death  when  these
two  diseases  coexist,  except  for  the Selvaraj24 where the
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Figure  3  Forest  plot  of  the  random  effect  models  for  estimating  the  pooled  cancer  incidence  by  cancer  site  (A.  Lung  cancer;

B. Women  breast  cancer;  C.  Gastrointestinal  system  cancer  (including  gastric  and  colorectal  cancers);  D.  Haematologic  cancers

(leukaemia,  lymphoma,  and  multiple  myeloma);  E.  Prostate  cancer;  F.  Female  reproductive  system  cancers  (ovarian  and  uterine

cancers); G.  Skin  cancer  (melanoma  and  non-melanoma  skin  cancers))  in patients  with  HF compared  with  patients  without  HF.  The

diamond represents  the  combined  effect  and  the  respective  confidence  interval.

Figure  4  Forest  plot  of  the random  effect  models  for  estimating  the  pooled  cancer  mortality  in  patients  with  HF compared  with

patients without  HF.  The  diamond  represents  the  combined  effect  and  the  respective  confidence  interval.

result  was  not  statistically  significant  (Table S5  ---  supplemen-
tary  material). The  pooled  HR was  2.17  (95%  CI: 1.23---3.84,
p=0.008;  I2=98%, p<0.001)  (Figure  4).  Additionally,  some  of
the  studies  found  an increased  all-cause  mortality  in HF
group.10,12

Discussion

This  systematic  review  and  meta-analysis  summarize  all
cohort  studies  presently  available  and  suggests  that  there
is  a  significantly  increased  risk  of  incident  cancer  among  HF
patients.  The  pooled  HR  across  the nine  studies  was  1.30
(95%  CI:  1.04---1.62,  p=0.02),  showing  that  HF patients  are

at  30%  greater  risk  of  being  diagnosed  with  a  new  malig-
nancy.  This  estimate  was  robust  across  sensitivity  analyses
performed.  We  observed  that  this  association  increases  with
age,  as  expected,  and  seems  to  be  higher  in women.

The  association  of  HF  and site-specific  cancer  risk
reached  statistical  significance  for  lung,  gastrointestinal,
hematologic  and  female  reproductive  system  cancers.
However,  no  significant  association  was  found  in breast,
prostate,  and  skin  cancers.  The  cancer  types  associated  with
higher  risk  were  lung  and  female  reproductive  system,  fol-
lowed  by  hematologic  cancer.  This  consistent  association
suggests  the  shared  biological  link  between  HF and  certain
site-specific  cancers.
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In sum,  there  are several  potential  explanations  for  the
observed  association  between  increased  incidence  of  cancer
in  patients  with  pre-existing  chronic  HF.

First,  it is  acknowledged  that  HF and  cancer  share  com-
mon  risk  factors  (smoking,  aging,  genetic  predisposition,
obesity,  and  diabetes  mellitus),  which can  explain,  at least
in part,  the  co-occurrence  of  these  two  conditions,  and  com-
bating  the  modifiable  factors  will inevitably  reduce  both  HF
and  cancer.7,25,26 Although,  even  after  the  adjustment  made
for  some  of these  factors  by  the several  studies  included
(Table  2) the  correlation  seems  to  persist  and  might  be fur-
ther  explained  by  other  mechanisms.

Second,  some  common  pathophysiological  mechanisms
are  involved  in  both  diseases.  It is  known  that  inflamma-
tion  plays  an important  role  in these  two  conditions.27,28

Maladaptive  chronic  inflammation  leads  to  progressive
myocardial  injury,  development  of vascular  dysfunction  and
reduces  cardiac  tissue  survival.  In  fact,  independent  of
its  etiology,  HF  is  associated  with  an increase  in circu-
lating  proinflammatory  cytokines,  such as  tumor  necrosis
factor-�  interleukin-1,  and  interleukin-6.29 On the  other
hand,  chronic  inflammation  predisposes  to  development
of  cancer  and affects  the tumorigenesis  and  tumor-
permissive  state  by  promoting  the  same  proinflammatory
cytokines  and  chemokines.2 In  line  with  this,  the CANTOS
trial (Canakinumab  Anti-Inflammatory  Thrombosis  Outcome
Study)  demonstrated  that  canakinumab,  an interleukin-
1-targeting  antibody,  reduces  cardiovascular  events  in
patients  with  a  history  of myocardial  infarction  (MI) with
a  moderate  increase  in C-reactive  protein  levels,  as  well  as
a  reduction  in  lung  cancer  incidence  in these patients.7,30

Moreover,  the metabolic  changes  caused  by  toxic  inter-
mediate  accumulation  and  the  use  of  unbalanced  substrates
can  disrupt  cardiac  cell  homeostasis  and  promote  cancer
growth.  In response  to  pathophysiological  insult  and  stress,
metabolic  reprogramming  occurs  as  an adaptive  event  in
both  cancer  and  cardiac  cells  indicating  that  both  cells  share
the  same  metabolic  pathways.2,31

Angiogenesis  adaptations  are another  common  mech-
anism  favoring  this linkage.  Cardiomyocyte  hypertrophy
causes  a  mismatch  between  capillary  density  and  increased
oxygen  demand  during  the  early stages  of  chronic  pressure
overload,  stimulating  microvascular  expansion  by  inducing
angiogenic  factor  secretion,  such  as  vascular  endothelial
growth  factor.32 Angiogenesis  is  critical  for  tumor  growth  and
dissemination  in cancer  using  dysfunctional  tumor  vessels  to
spread  throughout  the  body.18

Also,  there  is  the  hypothesis  that  neurohormonal  acti-
vation  may also  account  for  the  increased  risk  of  cancer
observed  in  HF.  This  is  supported  by  a large body  of experi-
mental  data  demonstrating  that  sympathetic  nervous  system
(SNS)  and  renin---angiotensin---aldosterone  system  activation
promote  cancer  progression  and  dissemination  via  multiple
mechanisms.  The  SNS’s  pro-oncogenic  effects  are  primarily
mediated  by  �-AR  (beta  arrestin),  which  is  expressed  by  both
cancer  cells and,  more  importantly,  non-malignant  cells  in
the  tumor  microenvironment.33

Third,  HF  may  promote  oncogenesis  through  release  of
cardiac  circulating  factors.  Relevant  preclinical  models  of
CVD,  including  surgical  models  of MI  and  subsequent  HF,  as
well  as aortic  stenosis,  identifying  several  candidate  sys-
temic  factors  including  cardiac-specific  circulating  factors

(e.g.,  serpinA3,  periostin),  that  drive  CVD-induced  acceler-
ation  of  colon,  breast, and  lung  cancer.31,34

Finally,  mutual  pathogenic  gene  variants  may  also  predis-
pose  individuals  to  both  cancer  and  HF.  Clonal  hematopoiesis
of  indeterminate  potential  (CHIP),  as mentioned  above,
is  an emerging  entity  in  which  somatic  blood  mutations
are  present  in individuals  without  established  hemato-
logic  abnormalities.  Studies  have  demonstrated  that  the
presence  of  CHIP  is  associated  with  increased  risk  of  hema-
tologic  cancer,  CVD,  disease  progression  and  mortality  in
HF.35 Moreover,  several  genes  associated  with  familial  car-
diomyopathies  appear  to  be relevant  genetic  variants  in
somatic  cancer  cells.  Interestingly,  somatic  mutations  in
titin,  dystrophin,  and  desmoglein2  have  been  associated
with  different  stages  of  the carcinogenesis.2,36,37

Furthermore,  the diagnosis  of  cancer  in HF  patients
seems  to  have  a  strong  impact  in these  patient’s  progno-
sis.  Most  studies  reported  an  increase  in  cancer-specific
death  in HF  patients  (HR  2.17  (95%  CI:  1.23---3.84)),  as  well
as  an increase  in  overall  mortality,  suggesting  that  cancer
is  more  lethal  in HF  patients.  This  rise  in mortality  can
be  explained  by  various  factors.  On one hand,  the impact
of  the tumor  itself  on  the already  weak  homeostasis  of
HF  patients  can  make  them  prone  to  the development  of
more  cardiotoxicities  during  or  after  antineoplastic  ther-
apies  and  reduce  chances  to  survive  oncological  surgery,
therefore  less  intensive  oncological  therapy  is  applied  limit-
ing  therapeutic  choices.  On  the other  hand,  optimization
and  up-titration  of  cardiological  therapy  may  be  com-
promised  by  cancer  diagnosis and  sometimes  represent  a
significant  problem  in maintaining  an  optimal  medical  ther-
apy  for these  patients.17,38,39 Also,  end-stage  cancer  patients
are  often  excluded  from  therapies  that  would  improve  their
life  expectancy,  such as  devices  implantation.38

Even  though  we  think  that  this  phenomenon  might  be  in
part  attributable  to  heightened  surveillance,  it also  suggests
that  patients  with  HF  tend  to  have  hidden  diseases  of  various
forms,  which  could  be identified  under  a close  re-evaluation.
These  results  found in the  most  recent  studies  suggest  that
doctors  should be more  encouraged  to  consider  the pos-
sibility  of  coexisting  disease  throughout  the follow-up.  In
individuals  with  HF,  prompt  diagnosis  of  de  novo  cancer  can
therefore  be crucial.  In HF  patients,  clinicians  frequently
focus  on  the  cardiovascular  consequences.  Patients  with  HF
have  worse  outcomes  from  superimposed  cancer  than  can-
cer  patients  or  patients  with  HF alone.  The  clinical  decision
can  be  modified  in  the  presence  of  the  concurrent  disease
and  the decision  to  invest  in some invasive  procedures  can
be  rejected  in  patients  diagnosed  with  cancer  at  a  more
advanced  stage.

Therefore,  HF  populations  may  need  greater  attention
in cancer  screening  since  early  cancer  detection  could  lead
to  better clinical  outcomes.  Given  the  various  risks  associ-
ated with  each  form  of  site-specific  disease,  the monitoring
may  focus  particularly  on  certain  types of  disease  (such
as  lung  cancer).  Further  research  is  needed  to determine
whether  an active,  focused  cancer  surveillance  program  can
improve  the prognosis  for  HF,  although  we  must  emphasize
that  the  improved  prognosis  that  might be attributable  to
cancer  screening  in patients  with  HF  would not help  in  redu-
cing  the social  burden,  because  cancer  screenings  are not
generally  recommended  at  present,  and they  may  not  be
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cost-effective.16 Instead,  we  suggest  that  clinicians  should
always  consider  the  possibility  of  cancer  when  examining  HF
patients;  and oncologists  should  assess  baseline  cardiovas-
cular  risk  in  patients  before  starting  a  cancer  therapy  that
might  be  related  with  cardiovascular  toxicity.40

The  overlap  between  HF  and cancer  is  considerable  and
complex.  Future  research  in these fields  will  likely  clarify
this  relationship,  which  we  believe  will  help  to  understand
and  treat  these both  lethal  diseases  better.

Strengths  and  limitations

We  used  a  broad  search  strategy  to  capture all  relevant
information.  However,  the  evidence  in  literature  about  this
topic  is  still  limited  and  we  found  few  studies  that  met  our
inclusion  criteria.

Although  we observed  an association  between  HF and
incident  cancer,  the  following  aspects  should  be  considered
when  interpreting  the outcomes,  and  several  limitations  of
the  literature,  as  well  as  our  systematic  review  and  meta-
analysis,  deserve  comment.

Biases,  such  as  surveillance  and  self-selection,  cannot
be  prevented  when  data  are obtained  from observational
studies  and causation  cannot  be  established  because  of  the
study’s  design.  Despite  this,  we  were  able  to  account  for
many  potential  confounding  factors  related  to  both  HF and
cancer  that  were  not available  in earlier  research.  How-
ever,  the  possibility  of  residual  confounding  still  remains.
Some  of  these  studies  lack  data  on  associated  diseases  and
risk  factors  (e.g.,  smoking,  alcohol  consumption,  obesity).
In  these  epidemiological  studies,  the  socioeconomic  situa-
tion  should  also  be  taken  into  consideration.  The  differences
in  follow-up  period  may  also  limit  the interpretation  of  the
results.

The  fact  that  HF  patients  carry  a  risk  of hospitalization
and undergo  more  medical  exams  may  result  in an overdiag-
nosis  of  disease,  which is  another  significant  concern  in  this
research.  Some  studies,  such  Kwak,13 Banke,11 Bertero10 and
Hasin14 exclude  all  diagnosis  of  cancer  within  the first  years
of  follow-up  after  HF diagnosis,  and Leedy8 and Roderburg9

adjusted  for  consultation  frequency  and  medical  appoint-
ments.

Moreover,  most  of  the included  studies  did  not pro-
vide  sufficient  data  to  understand  the clear  impact  of  the
different  types  of HF,  stratified  by ventricular  ejection  frac-
tion,  on  cancer  diagnosis  and  prognosis.  Further  research
in  this  field  would  be  interesting  since  HF with  preserved
ejection  fraction  and HF  with  reduced  ejection  fraction
have  potential  distinct  clinical  characteristics  and disease
processes.41,42

Another  important  concern  is  heterogeneity  in terms  of
population  demographics,  as  the measurement  and  adjust-
ment  for  the many  confounders  showed  between  the
studies.  Despite  the use  of  appropriate  meta-analytic  tech-
niques with  random  effect  models,  we are unable  to  account
for  these  differences.  However,  multiple  sensitivity  analy-
ses  found  the  risk  estimate  was  robust  across  various  quality
components  and  the  consistency  of  results  across  studies,
cancer  sites,  follow-up  time  and  continents  support  the  main
findings.

Conclusion

In  conclusion,  our  systematic  review  and meta-analysis
revealed  that  HF  may  result  in a subsequent  increase  in
cancer  incidence.  These  findings  support  previous  studies
published  in the literature.  The  cancer  types  that  had a
higher  incidence  in HF patients  were  lung,  female  repro-
ductive  system,  and  hematologic  cancers.  Furthermore,  we
conclude  that  having  a diagnosis  of HF at baseline  carries an
increased  risk  of  death  from  cancer,  underlining  the impor-
tance  of  noncardiac  morbidity  and  of cancer  surveillance  in
the  management  of HF  patients.

However,  because  of  the  significant  degree  of  hetero-
geneity  in the  studies,  the results  should  be evaluated
carefully.  More  research  in  this area  is  required  to  clarify
the  contradictory  clinical  data  and  identify  the underlying
mechanisms.

Nevertheless,  all  things  considered,  each HF  patient  who
develops  cancer  has  their  own  unique  characteristics,  and
the  clinical  and  therapeutic  management  should  be  person-
alized  to  provide  the  best cardiological  and  oncological  care
and  to  improve  their  prognosis.

Conflicts of interest

The  authors  have  no conflicts  of  interest  to  declare.

Appendix  A.  Supplementary data

Supplementary  material  associated  with  this  article  can
be  found  in the online  version  at  doi:10.1016/j.repc.
2023.10.015.

References

1. Chianca M, Panichella G,  Fabiani I,  et  al. Bidirectional
relationship between cancer and heart failure: insights
on circulating biomarkers. Front Cardiovasc Med. 2022;9,
http://dx.doi.org/10.3389/fcvm.2022.936654.

2. Guler MN, Tscheiller NM, Sabater-Molina M, et al.  Evi-
dence for reciprocal network interactions between
injured hearts and cancer. Front Cardiovasc Med. 2022;9,
http://dx.doi.org/10.3389/fcvm.2022.929259.

3. Bottle A, Newson R,  Faitna P, et  al. Changes in heart failure
management and long-term mortality over 10  years: observa-
tional study. Open Heart. 2022;9:e001888.

4. Jones NR, Roalfe AK, Adoki I, et al. Survival of  patients with
chronic heart failure in the  community: a systematic review
and meta-analysis. Eur J Heart Fail. 2019;21:1306---25.

5. Tini G,  Bertero E, Signori A, et al. Cancer mortality in trials
of heart failure with reduced ejection fraction: a system-
atic review and meta-analysis. J  Am Heart Assoc. 2020;9,
http://dx.doi.org/10.1161/JAHA.119.016309.

6. Conrad N,  Judge A, Canoy D, et al. Temporal trends and patterns
in mortality after incident heart failure: a longitudinal analysis
of 86000 individuals. JAMA Cardiol. 2019;4:1102---11.

7. Koelwyn GJ,  Aboumsallem JP, Moore KJ, et  al. Reverse cardio-
oncology: exploring the effects of  cardiovascular disease on
cancer pathogenesis. J Mol Cell Cardiol. 2022;163:1---8.

8. Leedy DJ, Reding KW, Vasbinder AL, et  al. The association
between heart failure and incident cancer in women: an
analysis of the Women’s Health Initiative. Eur J  Heart Fail.
2021;23:1712---21, http://dx.doi.org/10.1002/ejhf.2207.

413

http://dx.doi.org/10.1016/j.repc.2023.10.015
http://dx.doi.org/10.1016/j.repc.2023.10.015
dx.doi.org/10.3389/fcvm.2022.936654
dx.doi.org/10.3389/fcvm.2022.929259
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0225
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0230
dx.doi.org/10.1161/JAHA.119.016309
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0240
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0245
dx.doi.org/10.1002/ejhf.2207


C.  Barbosa,  A.  Cabrita,  C.  Dias  et al.

9. Roderburg C, Loosen SH, Jahn JK, et al. Heart failure is associ-
ated with an  increased incidence of cancer diagnoses. ESC Heart
Fail. 2021;8:3628---33.

10. Bertero E, Robusto F, Rulli E, et al. Cancer incidence and mortal-
ity according to pre-existing heart failure in a community-based
cohort. JACC CardioOncol. 2022;4:98---109.

11. Banke A, Schou M, Videbæk L, et al. Incidence of  cancer in
patients with chronic heart failure: a long-term follow-up study.
Eur J Heart Fail. 2016;18:260---6.

12. Hasin T, Gerber Y,  Weston SA, et  al. Heart failure after myocar-
dial infarction is associated with increased risk of  cancer. J Am
Coll Cardiol. 2016;68:265---71.

13. Kwak S, Kwon S, Lee SY, et al. Differential risk of incident cancer
in patients with heart failure: a nationwide population-based
cohort study. J Cardiol. 2021;77:231---8.

14. Hasin T, Gerber Y, McNallan SM, et al. Patients with heart failure
have an increased risk of  incident cancer. J Am Coll Cardiol.
2013;62:881---6.

15. Sagastagoitia-Fornie M,  Barge-Caballero E, Barge-Caballero G,
et al. Cancer in patients with heart failure: incidence, risk fac-
tors and prognostic impact. Eur J  Intern Med. 2022;105:89---96.

16. Sakamoto M, Hasegawa T, Asakura M, et  al. Does the pathophys-
iology of heart failure prime the incidence of  cancer? Hypertens
Res. 2017;40:831---6.

17. Cuomo A, Paudice F,  D’angelo G.  New-onset cancer in
the  HF population: epidemiology, pathophysiology, and clin-
ical management. Curr Heart Fail Rep. 2021;18:191---9,
http://dx.doi.org/10.1007/s11897-021-00517-y/Published.

18. de Boer RA, Hulot JS, Tocchetti CG, et al. Common mechanistic
pathways in cancer and heart failure. A scientific roadmap on
behalf of the Translational Research Committee of the Heart
Failure Association (HFA) of  the European Society of Cardiology
(ESC). Eur J Heart Fail. 2020;22:2272---89.

19. Oikawa T, Sakata Y,  Nochioka K,  et al. Increased risk of  cancer
death in  patients with chronic heart failure with a special refe-
rence to inflammation --- a report from the CHART-2 Study. Int J
Cardiol. 2019;290:106---12.

20. Schwartz B, Schou M, Gislason GH, et al. Prevalence and inci-
dence of various cancer subtypes in patients with heart failure
vs  matched controls. Int J  Cardiol. 2020;316:209---13.

21. Zhang H, Gao Y, Wang L, et al. Does heart failure increase the
risk of incident cancer? A meta-analysis and systematic review.
Heart Fail Rev. 2020;25:949---55.

22. Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA
statement for reporting systematic reviews and meta-
analyses of studies that evaluate health care interven-
tions: explanation and elaboration. PLoS Med. 2009;6,
http://dx.doi.org/10.1371/journal.pmed.1000100.

23. Lam PH, Barac A, Nohria A, et al. Temporal associations and
outcomes of breast cancer and heart failure in postmenopausal
women. JACC CardioOncol. 2020;2:567---77.

24. Selvaraj S, Bhatt DL, Claggett B, et al. Lack of  association
between heart failure and incident cancer. J  Am Coll Cardiol.
2018;71:1501---10.

25. Meijers WC, De Boer RA. Common risk factors for heart failure
and cancer. Cardiovasc Res. 2019;115:844---53.

26. Khatibzadeh S, Farzadfar F, Oliver J,  et al. Worldwide risk fac-
tors for heart failure: a systematic review and pooled analysis.
Int J Cardiol. 2013;168:1186---94.

27. Libby P, Kobold S. Inflammation: a common contributor to can-
cer, aging, and cardiovascular diseases --- expanding the  concept
of cardio-oncology. Cardiovasc Res. 2019;115:824---9.

28. Ausoni S, Azzarello G.  Development of cancer in patients
with heart failure: how systemic inflammation can lay the
groundwork. Front Cardiovasc Med. 2020;7, http://dx.doi.org/
10.3389/fcvm.2020.598384.

29. Murphy SP, Kakkar R, McCarthy CP, et  al. Inflammation in
heart failure: JACC state-of-the-art review. J Am Coll Cardiol.
2020;75:1324---40.

30. Ridker PM, MacFadyen JG, Thuren T, et al. Effect of interleukin-
1� inhibition with canakinumab on  incident lung cancer
in patients with atherosclerosis: exploratory results from a
randomised, double-blind, placebo-controlled trial. Lancet.
2017;390:1833---42.

31. Meijers WC, Maglione M,  Bakker SJL, et  al. Heart failure
stimulates tumor growth by circulating factors. Circulation.
2018;138:678---91.

32. Shiojima I, Sato K, Izumiya Y,  et  al. Disruption of coordi-
nated cardiac hypertrophy and angiogenesis contributes to
the transition to heart failure. J Clin Investig. 2005;115:
2108---18.

33. Bertero E, Canepa M, Maack C, et  al. Linking heart failure to
cancer background evidence and research perspectives. Circu-
lation. 2018;138:735---42.

34. Avraham S, Abu-Sharki S,  Shofti R, et al.  Early cardiac remod-
eling promotes tumor growth and metastasis. Circulation.
2020;142:670---83.

35. Marnell CS,  Bick A, Natarajan P. Clonal hematopoiesis of
indeterminate potential (CHIP): linking somatic mutations,
hematopoiesis, chronic inflammation and cardiovascular dis-
ease. J  Mol  Cell Cardiol. 2021;161:98---105.

36. Sabater-Molina M, Navarro-Peñalver M, Muñoz-Esparza C, et al.
Genetic factors involved in cardiomyopathies and in cancer. J
Clin Med. 2020;9, http://dx.doi.org/10.3390/jcm9061702.

37. Pfeffer TJ, Pietzsch S, Hilfiker-Kleiner D. Common genetic
predisposition for heart failure and cancer. Herz. 2020;45:
632---6.

38. Ameri P, Canepa M,  Anker MS, et  al. Cancer diagnosis in patients
with heart failure: epidemiology, clinical implications and gaps
in knowledge. Eur J  Heart Fail. 2018;20:879---87.

39. Ameri P, Canepa M, Luigi Nicolosi G, et  al. Cancer in chronic
heart failure patients in the GISSI-HF trial. Eur J Clin Invest.
2020;50, http://dx.doi.org/10.1111/eci.13273.

40. Lyon AR, López-Fernández T, Couch LS, et  al. 2022 ESC Guide-
lines on cardio-oncology developed in collaboration with the
European Hematology Association (EHA), the European Soci-
ety for Therapeutic Radiology and Oncology (ESTRO) and the
International Cardio-Oncology Society (IC-OS). Eur  Heart J.
2022;43:4229---361.

41. Simmonds SJ, Cuijpers I, Heymans S,  et  al. Cellular and molec-
ular differences between HFpEF and HFrEF: a step ahead
in an improved pathological understanding. Cells. 2020;9,
http://dx.doi.org/10.3390/cells9010242.

42. Shiga T, Suzuki A, Haruta S, et  al. Clinical characteristics
of hospitalized heart failure patients with preserved, mid-
range, and reduced ejection fractions in Japan. ESC Heart Fail.
2019;6:475---86.

414

http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0255
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0260
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0265
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0270
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0275
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0280
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0285
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0290
dx.doi.org/10.1007/s11897-021-00517-y/Published
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0300
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0305
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0310
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0315
dx.doi.org/10.1371/journal.pmed.1000100
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0325
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0330
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0335
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0340
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0345
dx.doi.org/10.3389/fcvm.2020.598384
dx.doi.org/10.3389/fcvm.2020.598384
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0355
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0360
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0365
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0370
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0375
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0380
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0385
dx.doi.org/10.3390/jcm9061702
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0395
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0400
dx.doi.org/10.1111/eci.13273
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0410
dx.doi.org/10.3390/cells9010242
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420
http://refhub.elsevier.com/S0870-2551(24)00076-3/sbref0420

	The association between pre-existing heart failure and cancer incidence: A systematic review and meta-analysis
	Introduction
	Objectives
	Methods
	Data sources and searches
	Study selection
	Data extraction and quality assessment
	Data synthesis and statistical analysis

	Results
	Incidence of all-cancer types
	Sensitivity analyses
	Incidence by cancer site
	Lung cancer
	Female breast cancer
	Gastrointestinal cancers
	Hematologic cancers
	Female reproductive system cancers
	Prostate cancer
	Skin cancers
	Cancer mortality


	Discussion
	Strengths and limitations

	Conclusion
	Conflicts of interest
	Appendix A Supplementary data
	References


