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Heart  failure  (HF)  is  a  leading  worldwide  cause  of  morbidity

and  mortality;  therefore,  it is  of  great  clinical  importance  to

try  to  predict  which  patients  with  HF are at increased  risk

for  adverse  outcomes  (e.g.,  HF  hospitalization,  death)  to

appropriately  triage  high-risk  patients  for  closer  monitoring

or  advanced  HF  therapies.1 There  are  several  established

risk  calculators  to  estimate  mortality  and morbidity  for

patients  with  HF  and  reduced  ejection  fraction  (HFrEF) such

as  the  Seattle  Heart  Failure  Model,2 the Heart  Failure  Sur-

vival  Score,3 and the  Meta-Analysis  Global  Group  in Chronic

Heart  Failure  (MAGGIC)  risk  model.4 Published  in  2014, the

MAGGIC  risk  score  was  based on 39 372  HF patients  from

30  studies  and  predicts  mortality  regardless  of  underlying

ejection  fraction  (EF).  Using  variables  readily  encountered

in  outpatient  clinical  practice,  the  MAGGIC  risk  calculator  is

a  practical  tool  for  clinical  evaluation.

Notably,  however,  neither  B-type  natriuretic  peptide

(BNP)  nor  N-terminal  pro-BNP  (NT-proBNP)  was  included  in

the  MAGGIC  risk  score  despite  numerous  studies  showing

their  ability  to  predict  a variety  of adverse  outcomes  in

HF  across  the  EF  spectrum.5 Furthermore,  the  MAGGIC  risk
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score  was  derived  from  studies  that  predated  the advent of

modern  guideline-directed  medical  therapy  for HFrEF,  and

did  not include  patients  from  many  parts  of the  world,  par-

ticularly lower-  and middle-income  countries.4 Finally,  the

original  MAGGIC  risk  score  was  developed  to predict  all-

cause  mortality,  and  surprisingly  few  follow-up  studies  have

examined  the  utility  of  the  MAGGIC  risk  score  in predict-

ing  HF hospitalizations.  Thus,  evaluation  of the  performance

of  the  MAGGIC  risk  score for risk  prediction  in contem-

porary  HFrEF  populations  in  these  countries,  for  both  HF

hospitalization  and  death,  and  with  and  without  inclusion  of

NT-proBNP,  remains  an unmet  need.

In this issue  of  the  Portuguese  Journal  of  Cardiol-

ogy,  Rohen  et al. address  these concerns  by  conducting  a

prospective,  longitudinal  observational  study  in  93  consecu-

tive  patients  with  chronic  HF  and  EF  <50% who  were  followed

for  an average  duration of  approximately  7-8  months.6

The  baseline  MAGGIC  score  was  calculated  and compared

to  baseline  NT-proBNP  values  in the  prediction  of  adverse

events.  The  primary  end  point  in the  study  was  time-to-first

event for  either  HF  hospitalization  (20  events)  or  cardiac

death  (three  events).  The  study  participants  were  relatively

low  risk  (82%  were  New  York  Heart  Association  class  I  or  II)

with  low MAGGIC  risk  scores  (median  16,  which corresponds

to  the lowest  quartile  in the original  MAGGIC  risk  score
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study),  even  though  37%  had  an  HF  hospitalization  in  the

12  months  prior  to  enrollment  into  the  study.  Both  the MAG-

GIC  risk  score  and NT-proBNP  had  relatively  high  sensitivity

(87%  and  82%,  respectively)  but  both  had  low specificity  (37%

and  57%),  leading  to low  area  under  the receiver  operating

curve  of  0.59  and  0.67.  Despite  these  test  characteristics,

both  MAGGIC  and  NT-proBNP  independently  predicted  the

composite  outcome,  and the authors  concluded  that  NT-

proBNP  is  a better predictor  than  MAGGIC  and  that  it  is

additive  to  MAGGIC  based  on  their  results.6

The  strengths  of  this  study  include  its  prospective

design,  the  inclusion  of HF  hospitalization  (in  addition  to

mortality)  as  one  of  the  outcomes,  the very  high  fre-

quency  of  guideline-directed  medical  therapy  for HFrEF

(renin-angiotensin  system  inhibitor  98%,  mineralocorticoid

antagonist  90%,  and  beta-blocker  95%),  and  the  Brazilian

patient  population  (in  whom  similar  studies  are  generally

lacking).

However,  several  aspects  of  the study  remain  unanswered

or could  be  improved.  Most  importantly,  the  issue  remains  of

the  generalizability  of  the  authors’  single  center  study  to  the

overall  Brazilian  population.  Despite  a  prior  study  demon-

strating  a  very  high  prevalence  of  symptomatic  HF  in the

region  of  Brazil  where  the  study  took  place  (9.3%  prevalence

in individuals  >45  years  of  age in the DIGITALIS  study),7 the

present  study  only  included  93  consecutive  patients  seen

in  the  outpatient  HF  clinic  at  a  university  hospital  over  a

one-year  period.  This  number  of  consecutive  HFrEF  patients

seems  quite  low  for  an outpatient  HF clinic  and may  reflect  a

referral  bias  to  an academic  program.  The  authors  state  that

patients  with  terminal  illnesses  other  than  HF, with  a  short

life  expectancy,  were  excluded  from  the study;  however,  the

authors  did  not include  a CONSORT  diagram.8 It is therefore

unclear  how  many  patients  were  excluded  for this reason.  If

the  number  is  large,  it could  account  for the  low risk  nature

of  the  study  cohort,  as  described  above.  It  is  also  unclear

what  proportion  of the  patients  had  had  mildly  reduced  HF

or  improved  EF  (which  is  likely  to  be  high  given  the mean  EF

of 39%  in  the  study  population).  Furthermore,  it is  not  clear

whether  the  low use  of  defibrillators  and cardiac resynchro-

nization  therapy  (only  3.2%)  reflects  the relatively  healthy

patient  population,  a relatively  low  number  of patients  with

EF  <30%,  or low  use  of  these  devices  in  Brazilian  patients,

given  the  paucity  of data  on  these  devices  in HFrEF  in Brazil

(e.g.,  in  the  BREATHE  registry  of  HF patients  in  Brazil,  use  of

these  devices  was  not  reported9). Finally,  both  the MAGGIC

risk  score  and  the  study  by  Rohen  et  al. predated  the  advent

of  SGTL2  inhibitors  as  a  key pillar  of  HFrEF  therapy10;  thus,

the  findings  could  be  different  in  the  current  and  future  era

where  there  will  likely  be  rapid  uptake  of these  drugs  in

HFrEF,  especially  as  they  become  generic  medications.

Besides  generalizability,  the study  is  limited  by  the rel-

atively  short  duration  of  follow-up  (mean  follow-up  of

only  219  days)  ----  a  limitation  noted  by  the authors.  The

major  limitation  of the study,  however, is  the compar-

ison  of  the  MAGGIC  risk  score  and  NT-proBNP  as  risk

predictors.  First,  the  authors  state  that  ‘‘. .  .  NT-proBNP  out-

performed  the  MAGGIC  score.’’  While  this  statement  may  be

true,  the  authors  justify  it  by  showing  in their  multivariable

risk  prediction  model  that  the increase  in  risk  of the pri-

mary  outcome  (cardiac  death  or  HF hospitalization)  was  only

10%  for  every  one-point  increase  in  the MAGGIC  risk  score

vs.  five-fold  (i.e.,  500%  increased  risk)  in patients  with  a

baseline  NT-proBNP  >1000 pg/ml.6 This  is  an unequal  com-

parison  between  the two  risk  predictors.  At  the  very  least,

the  authors  should  have  compared  patients  with  MAGGIC  risk

score  >12 (the  optimal  cut-point  in  their  study  for  MAGGIC)

vs.  NT-proBNP  >1000  pg/ml.  However,  a more  equal  com-

parison  would  have  been  a one standard  deviation  increase

in  each predictor,  which would  have  enabled a more  bal-

anced  comparison  of  effect  sizes  for  the  two  predictors

for  the  primary  outcome.  Second,  the authors  state  in  the

abstract  to  their  paper  that  ‘‘the  addition  of  biomarkers

improved  the accuracy  of  the [MAGGIC]  score.’’6 While  they

do  show  differences  in Kaplan-Meier  survival  curves  when

combining  MAGGIC  score above  and below  12  points, and

NT-proBNP  above  and  below  1000  pg/ml,  a better  way  to

examine  the additive  effects  of  the  two  risk  prediction

methods  (MAGGIC  risk  score  and  NT-proBNP)  would  have

been  to  determine  whether  the  addition  of  one  risk  predictor

to  the other  results  in  a statistically  significant  improve-

ment  in model  performance.  For  example,  the authors  could

have  compared  the  Cox  regression  model for  MAGGIC  risk

score  vs.  MAGGIC  risk  score  plus  NT-proBNP  using  a likelihood

ratio  test,  comparison  of Harrell’s  C  indices,  or  compar-

ing  model  goodness  of  fit measures.11 The  opposite  also

could  have  been  done  (comparison  of  NT-proBNP  alone  to

NT-proBNP  plus  the MAGGIC  risk  score  to  see  if addition

of  the MAGGIC  score  to  NT-proBNP  results  in  statistically

significant  improvement  in  model performance).  Additional

metrics  such as  the  net reclassification  index  could  have

also  been used to  examine  the benefit  or  lack  thereof

when  adding  one  risk  predictor  over  to  another.12 Thus,  the

question  of  whether  these  risk  predictors  are additive  (vs.

duplicative)  in Brazilian  HFrEF  and  HFmrEF  patients  remains

unanswered.

Despite  the  aforementioned  limitations,  the study  by

Rohen  et al.  is  important  because  it emphasizes  the need  for

additional  studies  to  provide  improved  risk  prediction  for  HF

patients  in Brazil  and  elsewhere  in  the  world.  As  mentioned

by  the  authors,  current  HF  risk  scores  consistently  overesti-

mate  mortality  (in  the  present  study,  for example,  predicted

mortality  was  7% at one year  compared  to  3.2%  observed

mortality  over  a mean  follow-up  duration  of 219  days).  Over-

estimation  of mortality  may  be due  to  several  reasons,  but

most  importantly  may  have to  do with  the advent  and  uptake

of  several  risk-lowering  therapies  in HFrEF  patients  that

were  not available  at the time  of  the  studies  used to cre-

ate  the  HF  risk  scores.  For  example,  in the  original  MAGGIC

risk  score  derivation  publication,  only  approximately  60-

70%  of patients  were  on  renin-angiotensin  system  inhibitors

and  only 24-40%  of  patients  were  on  beta-blockers  (and

neither  angiotensin  receptor-neprilysin  inhibitors  or  SGLT2

inhibitors,  which  both  reduce  cardiovascular  death  in HFrEF,

were  available  yet).

In  addition,  while  risk  scores  may  work  well  at  the popu-

lation  level,  they  often  do  not  perform  well  in the individual

patient.13 Indeed,  in the  study  by  Rohen  et  al.,  while  both

the  MAGGIC  risk  score  and NT-proBNP  had  relatively  high

sensitivity,  the  specificity  of  the two  risk  predictors  was  low,

as  mentioned  above.  This  means  that in  patients  with  HF,

EF  <50%,  and  a  MAGGIC  risk  score  <12  or  NT-proBNP  <1000

pg/ml,  HF  hospitalization  or  death  are  unlikely.  However,  in

patients  with  values  of these  predictors  higher  than  these
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thresholds  (which  is common),  predicting  adverse  outcomes

is  still  difficult  given  the low  specificity  of  both  predictors.

Further  research  is  necessary  to  identify  low-cost  predictors

of  HF  hospitalization  and death  in these  patients  so  that  they

can  be  triaged appropriately  for  more  intensive  monitor-

ing and/or  advanced  HF  therapies.  Further  study  of  patients

with  divergent  risk  predictors  and outcomes  would  also  be

helpful  to improve  risk  prediction.  In the study  by  Rohen

et  al.,  25%  of  patients  had  an  NT-proBNP  <225  pg/ml.  Did

any  of  these  patients  have  adverse  outcomes?  If so, exam-

ining  these  patients  and  their  outcomes  in detail  could  help

improve  risk  prediction  approaches.  Alternatively,  patients

with  high  MAGGIC  risk  scores  and/or  NT-proBNP  values  who

do  not experience  adverse  outcomes  could  also  be  studied  to

determine  whether  there  are  protective  factors  (biological

or  socioeconomic  [e.g.,  access  to  care, social  support])  that

could  be  leveraged  to  improve  outcomes  in other  high-risk

patients.

Ultimately,  however,  risk  prediction  of  HF  hospitalization

and  mortality  in HF  patients  will  always  be  challenging  given

the  fuzzy  nature  of  these  outcomes.  For  HF hospitalization,

the  cause  of  HF  exacerbation  and  decision  to  hospitalize  is

dependent  on  numerous  reasons,  many  of which  are  not  con-

ventional  or measurable  risk  factors.  Medication  and  dietary

non-compliance,  both  of  which  can  lead  to  HF  exacerbation,

can  be  measured  but  can  be  variable  over time  in the individ-

ual  patient.  The  decision  to  hospitalize  a patient  with  HF  is

also  quite  variable  and  depends  on  the patient  (e.g.,  willing-

ness  to  be  hospitalized,  social  support,  access  to  outpatient

intravenous  diuretics)  and  the  healthcare  provider  (e.g.,  HF

specialists  may  have a  higher  threshold  for  hospitalization

compared  to  general  practitioners).  Even  mortality  can  be

challenging  for  risk  prediction.  Despite  the binary  nature  of

the  outcome,  competing  causes  of  death  (e.g.,  deaths  due

to  non-cardiac  comorbidities,  accidental  deaths)  may  occur

and  may  be  unrelated  to  the  HF diagnosis.  Thus,  no  risk

prediction  algorithm  will  ever  be  perfect;  clinical  acumen,

provision  of  medical  and  social  support  for  HF  patients,  and

individualization  and  optimization  of medical  therapy  will

ultimately  be  most important  in  the care  of  HF  patients.

In  conclusion,  Rohen  et  al. have  provided  one of the  first

prospective  studies  of  risk  prediction  in Brazilian  patients

with  HF  and  EF  <50%  that  has  included  the  MAGGIC  risk

score  and  both  HF  hospitalization  and  death  outcomes,

which  is  an  important  advance  in the care  of  Brazilian  HF

patients.  Nevertheless,  their  study  demonstrates  the trials

and tribulations  of risk  prediction  studies  in HF,  which  remain

challenging.
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