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Abstract  Evidence-Based  Medicine  relies  on five  structured  steps:  formulating  a  question,
searching for  evidence,  critical  appraisal  of  the  evidence,  assessing  applicability  and  evalu-
ating performance.  While  all  steps  are  essential,  critical  appraisal  is the  central  component,
implemented  in three  stages:  analyzing  validity  or  scientific  rigor  (including  both internal  and
external validity),  evaluating  clinical  relevance  or importance  (considering  quantitative,  quali-
tative, comparative  dimensions,  and  the  balance  of  benefits,  risks,  and  costs),  and  determining
applicability  (in  routine  clinical  practice).  Among  the  useful  tools  for  critical  appraisal,  notable
resources  include  templates  and materials  from  CASPe  and  Osteba,  as  well  as  the  epidemiolog-
ical calculator  Calcupedev,  developed  by  the  Committee  on  Evidence-Based  Pediatrics.

This article  explores  the  necessary  process  of  critically  appraising  studies  on  prognostic  and
risk factors  through  the  analysis  of  observational  studies  (cohort  and case-control  studies).
© 2025  Asociación Española de Pediatŕıa.  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/
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Lectura  crítica  (I):  Fundamentos,  herramientas  y su aplicación  en  artículos  científicos
sobre  pronóstico  y efectos  perjudiciales

Resumen  La  Medicina  Basada  en  la  Evidencia  se  basa  en  cinco  pasos  estructurados  (pregunta,
búsqueda, lectura  crítica,  aplicabilidad  y  adecuación).  Todos  son  importantes,  pero  el eje  cen-
tral es  la  lectura  crítica,  que  realizamos  en  tres  etapas:  analizar  la  validez  o rigor  científico
tanto  la  validez  interna  como  externa),  la  relevancia  o  importancia  clínica  (en  las  dimensiones
cuantitativa,  cualitativa,  comparativa  y  de relación  beneficios-riesgos-costes)  y  la  aplicabilidad
(en la  práctica  clínica  habitual).  Entre  las  herramientas  útiles  para  la  lectura  crítica  podemos
destacar  los  recursos  y  plantillas  de CASPe  y  Osteba,  así  como  la  calculadora  epidemiológica
Calcupedev  elaborada  desde  el Comité  de Pediatría  Basada  en  la  Evidencia.

En este  primer  artículo  nos  hemos  adentrado  en  el  necesario  camino  de la  valoración  crítica  de
estudios sobre  factores  pronósticos  y  de riesgo,  a  través  del  análisis  de estudios  observacionales
(cohortes  y  caso-control).
© 2025  Asociación Española de  Pediatŕıa.  Publicado  por  Elsevier  España,  S.L.U.  Este  es  un
art́ıculo Open  Access  bajo  la  CC  BY-NC-ND  licencia  (http://creativecommons.org/licencias/by-
nc-nd/4.0/).

Fundamentals of critical appraisal and
available tools

Evidence-based  medicine  (EBM)  is  based  on  five  structured
steps  (ask,  acquire,  appraise  and  apply  evidence  and assess
its  performance),  as  discussed  in the  first  installment  of this
series.1 The central  axis  is  critical  appraisal,  which feeds  on
the  two  previous  steps  to  answer  the  two  that  follow.

The  critical  appraisal  of  research  reports  requires  the
acquisition  of  specific  skills  and  abilities.  It  comprises
three  steps:  assessing  whether  they  are valid  (close  to  the
truth  and  scientifically  rigorous),  deciding  whether  they  are
important  or  relevant  (and  therefore  potentially  valuable
to  the  reader)  and  determining  whether  they  are  applica-

ble  in  everyday  clinical  practice.  This  is  what  we,  from  the
Committee  on  Evidence-Based  Pediatrics,  have  defined  as
applying  the  VARA  approach,  an acronym  for  scientific  VAlid-
ity, clinical  Relevance  (or  importance),  and Applicability  in
clinical  practice.

Fig.  1  presents  the key aspects  of  these  three  steps.2---6

Different  tools,  worksheets  and  checklists  are  available
to  facilitate  the  adequate  critical  appraisal  of  published
research.  Table  1  lists the Spanish-language  tools  that are
most  widely  used  at  the  moment.7

Research  reports  should  aim  to  answer  clinical  questions
that  arise  in everyday  practice.  To  this  end,  it  is  essential
that  the  study  design  is  appropriate  for  the type  of ques-
tion  it addresses  (Table 2). We  invite readers  to  deepen  and
broaden  their  knowledge  about  every  type  of  study.8---12 In
this  chapter  on  critical  reading,  we  will  address  studies  on
prognosis  and  harm,  which  chiefly  consist  of  observational
cohort  and  case-control  studies.  Table 3 outlines  the advan-
tages  and  disadvantages  of  these  types  of  studies  and  key
points  regarding  their validity  that  are  discussed  later  in this
text.

Establishing  the prognosis  of  a  health  condition  is  one  of
the  key  purposes  of  medicine:  knowing  its  possible  outcomes
and  the  frequency  with  which they  can  be  expected  to  occur.

Table  1 Critical  appraisal  support  tools  in Spanish.

Critical  Appraisal  Skills  Programme-Español  (CASPe):

Education  on critical  appraisal  of  scientific  evidence  for
different  learner  profiles  (clinicians,  researchers,
administrators  and  patients)  and  offers  online  learning
resources.

https://redcaspe.org/
Department  of  Health  Technology  Assessment  of  the

Basque Country  (Osteba):

Free  app,  validated  by  experts  in  health  technology
assessment,  that  allows  users  to  create  and share  their
own evidence  tables  from  several  sources

http://www.lecturacritica.com/es/
Calcupedev:

Epidemiological  calculator  developed  by  the  Committee
on Evidence-Based  Pediatrics

https://aepap.org/calculadora-estudios-pbe/#/

Table  2  Most  appropriate  study  designs  to  address  dif-
ferent  types  of  clinical  questions  (from  most  to  least
appropriate).

Type  of  question  Study  designs

Diagnosis  Prospective,  blind
comparison  with  gold
standard

Treatment  RCT  (prospective,  blind
comparison  with  gold
standard)

Etiology/harm  RCT  >  cohort  > case-
control  >  case
series

Prognostic  Cohort  >  case-control  > case
series

Cost-benefit  Economic  evaluation

Abbreviation: RCT, randomized clinical trial.
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Figure  1  Steps  in the  critical  appraisal  of  scientific  reports.
Internal  validity  (certainty  of  results  based  on scientific  rigor,  according  to  the study  design);  Abbreviations:  AFe,  attributable
fraction among  the exposed;  ARR,  absolute  risk  reduction;  CIN,  case  impact  number;  ECIN,  exposed  cases  impact  number;  LR,
likelihood ratio;  MD,  mean  difference,  NNH,  number  needed  to  harm;  NNT,  number  needed  to  treat;  PAF,  population  attributable
fraction.

Prognostic  factors  are  patient  characteristics  that  can  be
used  to  try  to  predict  an outcome.  Among  these,  risk  factors
are  those  associated  with  the development  and  onset  of dis-
ease.  Since  prognostic  factors  are  characteristics  or  habits
of  individuals,  the studies  conducted  to  identify  them  rarely
have  an  experimental  design,  as  allocation  is  usually  impos-
sible  or  unethical.  Instead,  observational  designs  are used
under  these  circumstances.  A correctly  designed  and  imple-

mented  cohort  study  is  a  valuable  strategy  for  obtaining  a
valid  estimate  of  the  association  between  a prognostic  fac-
tor  and an outcome.  Case-control  studies  can also  be  used,
but  the selection  biases  inherent  in their  design  and their
retrospective  nature  limit  the reliability  of  the  conclusions
that  may  be drawn.

When  the objective  of  a study  is  to  investigate  the  poten-
tial  harmful  effects  of a treatment  or  the risks  associated
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Table  3  Strengths  and  weaknesses  of  cohort  studies  and
case-control  studies.  Key  aspects  in the  assessment  of
validity.

Cohort  study

Strengths

•  Very  useful  for  the  study  of  rare  exposures
• Can  measure  multiple  outcomes  for  a  single  exposure
• Can  establish  the  temporal  sequence  of  exposure  and

disease
• If  the  follow-up  is prospective,  it  limits  bias  in the

establishment  of  exposure
•  Allows  direct  calculation  of  incidence  in exposed  and

unexposed  groups
Weaknesses

•  Not  suitable  for  investigation  of  rare  diseases,  only  if
attributable  risk is  high

• If  prospective,  it  is  costly  and  requires  a  long  follow-up
• If  retrospective,  it  depends  on  adequate  past

documentation/records
• The  validity  of  results  can  be  seriously  affected  by  losses

to follow-up
• The  validity  of  results  may  be  questioned  based  on  biases

in case  ascertainment
• May  be  impractical  when  exposure  varies  significantly

over  time  and  has a  short-lived  effect  on  the  risk  of
disease

Key  aspects  in  the  assessment  of validity

a) Clear  definition  of  the population,  the  exposure  and  the
outcome  under  study

b)  Cohorts  representative  of  the  exposed  and  unexposed
populations,  with  nondifferential  and  sufficiently
complete  (≥ 80%)  follow-up

c) Valid  independent/blind  measure  of  exposure
d) Assessment  of  temporal  sequence  of  events

(exposure-effect)  and  the  relationship  between  the  level
of exposure  and  the magnitude  of  the  effect
(dose-response)

e)  Adequate  analysis  (control  of  confounders  and  effect
modifiers

Case-control  study

Strengths

•  Useful  for  diseases  with  a  low  incidence  or  long  latency
period

• Less  costly  than  a  cohort  study
•  Assesses  several  risk factors
•  Does  not  require  as  long  a  follow-up  as a cohort  study
• May  be  used  to  study  preventive  measures
Weaknesses

• Susceptible  to  biases
•  Cannot  be  used  to  directly  estimate  incidence  or

prevalence
• Cannot  establish  causation
Key aspects  in  the  assessment  of validity

a) Clear  definition  of  the population,  the  exposure  and  the
outcome  under  study

b)  Case  group  representative  of  the  case  population  and
control group  representative  of  the  level  of  exposure  in
the population  from  which  the cases  originate  (without
the disease/effect  of  interest,  but  at risk  of  having  it)

Table  3 (Continued)

Cohort  study

c)  Valid independent/blind  measure  of  exposure
d)  Assessment  of  temporal  sequence  of  events

(exposure-effect)  and  the  relationship  between  the  level
of exposure  and  the  magnitude  of  the  effect
(dose-response)

e) Adequate  analysis  (control  of  confounders  and  effect
modifiers)

with  certain  exposures,  questions  regarding  the cause-
effect  association  can be addressed  with  different  study
designs:  randomized  controlled  trial  (RCT),  cohort  study,
case-control  study,  isolated  case  reports,  systematic  review,
etc.  Depending  on  the study  design  chosen  to  determine
whether  a  treatment  is  or  is  not  harmful, the level  of  evi-
dence  varies  based  on  the  design-specific  ‘‘threats’’  to  the
validity  of the findings.  To  avoid  rash  decision-making,  cau-
tion  must  be exerted  when  inferring  causation.

Following  the recommendations  of the  Evidence-Based
Medicine  Working  Group  (EBMWG),  we  discuss  the  critical
appraisal  of  the  validity,  importance  and  applicability  of
prognostic  and  harm/risk  studies,  formulating  a  series  of
questions  in  each  step  (Critical  Appraisal  Skills  Program-
Español  [CASPe],  Spanish  translation  and  adaptation  of  the
original  CASP  checklist13).

Critical appraisal of  prognostic studies

Assess  validity

It requires  asking  a  series  of  questions  with  two  elements  in
common:  a  qualitative  element  (what  are  the possible  out-
comes?)  and  a temporal  element  (how  long  does it  take  them
to  occur?).14 We will answer  screening  questions,  or  assess
primary  criteria  (if  they  are not met,  it may  not  be worth
reading  the  entire  report)  and  secondary  criteria  (more  in-
depth  questions  asked  once  the primary  criteria  have  been
met).

a) Primary  criteria:

Was  the  defined  representative  sample  of  patients
assembled  at  a common  point  in the  course  of  their
disease?
Since it is  impossible  to  include  the entire  population  that
has  a  given  disease  in a  study,  it is  very  important  that  the
selected  sample  be  as  similar  as  possible  to  this immeasur-
able  universe  (and  that it  manifests  the  spectrum  of  disease
that  we  encounter  in clinical  practice).

The  report  must  specify  the criteria  applied  to  ascertain
that  the  included  patients  had  the disease  whose  prognosis
was  being investigated  and  how  the  sample  was  selected,  as
the  findings  may  be distorted  by  biases  in these processes.
The  selected  patients  should  all be at a  similar  stage in the
course  of  disease,  which  needs  to  be clearly  defined in the
report,15 and  the  sample  size  must  be adequate  for  the  study
of  the outcome  of  interest.
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Was  patient  follow-up  sufficiently  long  and  complete?
In  case-control  studies,  determining  whether  the  exposure
occurred  prior  to  the target  outcome  is  key.  It  is  important
to  assess  whether  the  researchers  implemented  strategies
to  minimize  recall  bias  or  interviewer  bias. In the  case  of
cohort  studies  and  clinical  trials,  the reader  must  carefully
consider  whether  strategies  were  implemented  to  ensure
that  the  occurrence  of  the  outcome  has  been  ascertained
through  the  same  method  and  with  equal probability  in  both
groups.

The  follow-up  must  be  sufficiently  long  to  allow  time  for
the  outcome  of  interest  to  occur  and  sufficiently  complete  in
all  patients.  However,  losses  to  follow-up  are  common.  The
number  of  losses  (which  can  affect  the accuracy  of  the risk
estimate)  and  its  relationship  to  the  proportion  of  patients
who  experience  the outcome  of  interest  need  to  be  taken
into  account.  If  the reasons  for the losses  are not  related
to  the  phenomenon  under  study  and  the characteristics  of
patients  lost  to  follow-up  are  similar  to  those  of the patients
who  completed  it, the  results  are  probably  valid.

If  the  answer  to  any of  the above  questions  is  ‘‘no’’,  one
can  be  fairly  certain  that  the study  will  not  provide  accurate
prognostic  estimates,  whereas  if  the answer  to  all  of  them
was  ‘‘yes,’’  one can be  fairly  confident  that the study  will
provide  good  prognostic  information.

b)  Secondary  criteria:

Were  outcome  criteria  objective  and  applied  in a ‘blind’
or  unbiased  fashion?
The  authors  should  have defined  the outcomes  of  interest
clearly  before  the  start  of  the study:  these  outcomes  may
be  objective  and  easily  measurable  (death)  or  subjective
and  difficult  to  measure  (pain  intensity).  It  is  important  that
outcome  assessors  are  blinded  in order  to  avoid  observer
bias.

Did  adjustment  for all important  prognostic  factors  take
place?
When  data  from  patient  subgroups  are  reported,  the reader
must  verify  that adjustments  were  made  for other  known
relevant  prognostic  factors.  Adjustments  can be simple
(stratified  analysis)  or  more  complex  and  powerful  (multi-
variate  analysis,  in  which the authors  decide  which variables
to  include).  One  of  these  methods  must  be  applied  to  be
able  to tentatively  conclude  that the  prognosis  is  better or
worse  in  a  given  subgroup.  We  say ‘‘tentatively’’  because
the  statistical  techniques  used to  determine  the  prognosis
of  subgroups  are  predictive,  not  explanatory.

Were  results  validated  in  an independent  group  of
‘test-set’  patients?
The  group  in which  the putative  prognostic  factor  is  first
identified  is  called  the training  set  (derivation  set).  When
multiple  prognostic  factors  are evaluated,  it is possible  that
some  may  have  been  identified  by  chance  alone,  so  these
findings  must  be  validated  in an  independent  group of  sub-
jects  (the  validation  set).

Table  4  Prognostic  studies.  Methods  for  generation  of  sur-
vival curves.

Cumulative  incidence  Proportion  of  candidates
who  develop  the  disease
outcome  during  the
follow-up

Actuarial  curve Based  on  life  tables,  which
are  used  when  the  exact
date  of the  event  is
unknown;  used  in  very  large
samples;  measures  time  in
predetermined  intervals.

Product  limit  or
Kaplan-Meier  method

Uses  all  the  follow-up  data;
it  is  used  in small  samples
and  gives  the  probability  of
survival  for  each  specific
time  point.  Kaplan-Meier
curves  are  the  clearest  and
most  comprehensive  way  to
present  prognostic  data.

Assess the  importance  of the results

The  next step is  to  assess  the  results  in terms  of the potential
clinical  significance  of  the  findings.  To  this  end,  the  reader
needs  to  look  for  the  probability  of  the  event  of  interest,  its
precision  and  the  risk  associated  with  prognosis-modifying
factors.

Did  the authors  specify  the  likelihood  of  outcomes  in  a
specified  period  of  time?
The  quantification  of results  is  based  on  the number  of
events  that  occur  during  the  follow-up  of  a  cohort  and  is
usually  expressed  as  a  cumulative  frequency  at  a given  time
point  or  the  median  survival.  There  are  three  methods  for
estimating  this  (Table 4).

How  precise  are  the prognostic  estimates?
Even  when  it is  valid,  a prognostic  study  only  provides  an
estimate  of  the true risk. The  next  step is  to  appraise  the
precision  of  this  estimate  by  means  of the confidence  inter-
val  (CI),  which  is  a measure  of the  uncertainty  due  to  random
variability.  The  greater  the precision,  the  more  reliable  the
results.  In most  survival  curves,  earlier  follow-up  periods
tend  to  include  results  from a larger number  of patients
compared  to  later  periods  (decreasing  number  of  subjects
available  for  follow-up,  as  patients  are  not  included  in the
study  at the  same  time);  this  means  that  survival  curves
are  usually  more  precise  in earlier  follow-up  periods,  with
narrower  CIs  at the  left hand side  of  the curve.

Which  factors  can  modify  the  prognosis?
One  of  the aspects  that doctors,  patients  and families  are
most  interested  in is  which  factors  can  affect  the  progno-
sis.  Once  a diagnosis  has  been  established,  multiple  factors
related  to  the patient’s  previous  health  status,  disease,
treatment  or  socioeconomic  circumstances  can  have  an
impact  on  the final  outcome.  Clinicians,  in  particular,  are
most  interested  in  determining  whether  they  can  intervene
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to  modify  these  factors  (through  changes  in  diet,  lifestyle,
etc.).  Prognostic  factors  are  usually  reported  with  the cor-
responding  relative  risk  (RR)  in cohort  studies  or  odds  ratio
(OR)  in  case-control  studies.  The  RR  and the  OR  represent
the  change  in the probability  of  the  unfavorable  outcome.
Negative  values  of  the RR  or  OR  indicate  that  the factor  has
a  protective  effect.

Assess  the  applicability  to  clinical  practice

Are  the  results  applicable  to  patient  care?
First and  foremost,  clinicians  need  to  assess  the  degree
of similarity  between  their  own  patients  and the  subjects
included  in  the study  and  whether  the differences  are large
enough  to doubt  whether  they  can  apply  the results  to  make
adequate  prognoses  for  their  patients.

Are  the  results  useful  for  making  decisions  regarding
treatment  and  for  counseling  or  reassuring  patients  or
families?
Prognostic  data  can  be  very  helpful  in guiding  therapeutic
decision-making.  In addition,  valid,  precise  and  generaliz-
able  results  supporting  a uniformly  good  prognosis  for  a
disease  or  condition  can  be  very  useful  in reassuring  affected
patients.  On the other  hand,  prognostic  results  supporting  a
uniformly  poor  prognosis  provide  clinicians  a starting  place
for  discussion  with  the  patient  and  family and planning  care.
The  results  of a prognostic  study  are applicable  to  the  extent
that  the  study  subjects  are similar  to  the local  patients  and
that they  are  clinically  significant.

Critical appraisal  of harm  studies

Once  again,  we  describe  the  three  steps  to  follow  in the crit-
ical appraisal  of  studies  that  investigate  the harmful  effects
of  interventions  and/or  exposures.16

Assess  validity

Did  a given  intervention  cause  a given  adverse  effect  in some
patients?  To  answer  this,  one must  start by  asking a series  of
screening  questions  to  identify  the sources  that  merit  more
in-depth  reading.

a)  Primary  criteria:

Were  patient  groups  similar  for  prognostic  factors  that
are  known  to be associated  with  the  outcome  other  than
the  exposure?
While  RCTs  provide the highest-quality  evidence  of  a cause-
effect  relationship,  they  can  rarely  be  used  to  evaluate
potential  harmful  exposures  due  to the ethical  issues  it
would  entail  (however,  if a clinical  trial  observes  an associa-
tion  between  an  exposure  and  an adverse  effect,  the result
is  very  trustworthy).

Cohort  studies  are  often  used  as  an  alternative,  in  which
case  it  is  very  important  that  the  comparability  of  the
cohorts  has  been  evaluated  to  ensure  that  the subjects
exposed  to  the putative  harmful  factor  are similar  to  the
unexposed  subjects.  If  differences  are  detected  in any  varia-

bles  with  a  known  association  with  the  outcome  of interest,
a  stratified  or  multivariate  analysis  should  be performed  to
control  for  potential  confounding  due  to  their  influence;
but  it is  important  to  keep  in mind  that,  these  adjustments
notwithstanding,  there  could  always  be confounding  due  to
an  unknown  or  uncontrolled  factor,  so  the  results  of  a  cohort
study  should  always  be interpreted  with  caution.

When  the harmful  effect  is  very  rare  or  takes  a long  time
to  occur,  case-control  studies  may  be  used,  but  they  are
more  susceptible  to  bias  and  confounding,  so  their  results
should  be interpreted  with  even  greater  caution.  Harmful
effects  can  also  be reported  in  isolated  case  reports  or  case
series,  but  evidence  from  these reports  is  very  weak.  As  is
the  case  of  other  aspects  of  health  care,  the best evidence
is  obtained  through  the  systematic  review  of  all  pertinent
studies.

Were  the  outcomes  and  exposures  measured  in the same
way  in  the  groups  being  compared?
In  case-control  studies,  the  ascertainment  of  previous  expo-
sure  is  the key  issue; readers  should look  for  any  strategies
used  to  minimize  recall  bias or  biases  related  to  the
researchers.  In  contrast,  in cohort  studies  and RCTs,  readers
must  pay  attention  to  the measures  taken  to  ensure  that the
methods  and  circumstances  of  exposure  ascertainment  were
similar  and the risk  of  exposure  the same  in both  groups.

Was  the  follow-up  sufficiently  long  and  complete?
In  RCTs and cohort  studies,  the  follow-up  should  be  long
enough  to allow  for  the development  and detection  of the
harmful  effect.

b) Secondary  criteria:

Do  the  results  of  the  harm study  fulfill some  of  the
diagnostic  tests  for causation?
It is  unlikely  that  all  the criteria  for  causation  are met. The
more  that  are met,  the greater  the confidence  with  which  a
causal  relationship  can  be  inferred.  Clinicians  should  deter-
mine  whether  the  association  between  the exposure  and the
harmful  effect  meets  at  least  some  of  the tests  for  reason-
able  inference  of causation,  which  are outlined  in Table  5.

Aside  from  the  experimental  intervention,  were  the
groups  treated  equally?
Interventions  other  than  the experimental  intervention
under  study  (cointerventions),  when  implemented  differ-
entially  in treatment  and  control  groups,  can  affect  the
comparability  of the groups  and  pose  an  even  greater  risk  of
bias  when the  study  design  is  not  double-blind  or  when the
use  of  additional  treatments  that  can  affect  the toxicity  of
the  intervention  under study  is  allowed.

Assess  the importance  of  the  results

This  involves  considering  the  size  and precision  of  the  esti-
mated  effect  of  the intervention  and/or  exposure.
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Table  5  Harm  studies.  Reasonable  proof  of  causation.

Type  of  question  Type  of  study

Did  the  exposure  preceded  the  onset
of  the  outcome?

It  is important  to  verify  that  the exposure  did precede  the  onset  of  the
adverse  outcome

Is there  a  dose-response  gradient?  That  is,  the  greater  the  intensity  or  duration  of  exposure,  the  greater  the  risk
of the  adverse  outcome

Is there  any  positive  evidence  from  a
‘‘dechallenge-rechallenge’’  study?

The  strength  of  the evidence  also increases  if  there  are  data  showing  that  the
adverse effect  disappears  or  decreases  if  exposure  is discontinued  and
reappears  or  increases  if  exposure  resumes

Is the  association  consistent  from
study to  study?

When  several  studies  are available,  a  causal  relationship  is supported  when
results are consistent  among  studies,  despite  them  being  conducted  in
different  places  and  different  populations

Does the  association  make  biological
sense?

Confidence  in the  strength  of  the  association  increases  when  there  is a
biologically  plausible  explanation  of  the  observed  association  that  is
compatible  with  the current  knowledge  of  the  biological  effects  of  the
exposure  factor

Figure  2  Measures  of  association  used  in studies  on harmful  effects  and  their  magnitude.
In most  cases,  interpreting  the  OR as  the  RR  does  not  affect  the  qualitative  interpretation  of  the  results,  although  it  may  lead  to  a
degree of  overestimation  of  the  magnitude  of  the  effect.
BR, baseline  risk (frequency  of  the outcome  of interest  in  the reference  population);  OR,  odds  ratio  (odds  of  exposure  [probability
of being  exposed  vs not  exposed]  in case  group  relative  to  the  odds  in  the  control  group);  RR,  relative  risk  (incidence  in the  exposed
group divided  by incidence  in the  unexposed  group);  SR,  systematic  review.

How  strong  is  the association  between  exposure  and
outcome?
The  main  measure  that  indicates  that  a  therapeutic  inter-
vention  causes  an  adverse  outcome  is  the strength  of the
association  between  the  implementation  of the  intervention
and  the  occurrence  of  a harmful  effect.  Different  meth-
ods  are  used  in different  types  of  study  to  estimate  the

strength  of  the association.  The  most  commonly  used  mea-
sure  of association  is  the  RR,  which  indicates  the extent
to  which  the  adverse  outcome  is  more  likely  to  develop  in
the  exposed  group  compared  to  the unexposed  group.  In
case-control  studies,  since  the incidence  cannot  be  calcu-
lated  because  subjects  are selected  after the  outcome  has
already  occurred,  the appropriate  measure  of  association  is
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the  OR.  Another  measure  that  can be  used in cohort  stud-
ies  and  RCTs  is  the  difference  in  incidence  or  risk  difference
(RD)  (an absolute  measure  of  the  excess  risk  of  the exposed
compared  to  the unexposed  attributable  to  the exposure).
Its  inverse  is  a  measure  that  indicates  the number  of  people
who  need  to be  exposed  for  harm  or  an adverse  outcome  to
occur,  known  as  the  number  needed  to harm  (NNH).  Another
measure,  similar  to  the  relative  risk  reduction  (RRR),  is the
attributable  fraction  in the  exposed  (AFe)  (proportion  of  the
events  observed  in the exposed  group  that  can  be  attributed
to  the  exposure).  Fig.  2 details  the significance  and  magni-
tude  of  these  measures.

How  precise  is  the  estimate  of  the  risk?
The  CI  offers  a measure  of the  precision  with  which  the
population  parameter  has been  estimated  based  on  the  sim-
ple point  estimate  obtained  from  a  sample  of patients.
Confidence  intervals  can  be  calculated  for  most  statistical
estimates  or  comparisons  (OR,  RR,  RRR,  ARR,  NNT,  NNH).
Although  readers  can calculate  CIs  from  the  results  pre-
sented  in  the  study,  it is  preferable  that  the  authors  provide
them  in  the  report.  If the CI  contains  the null  value (1  in
the  case  of  the RR  and the  OR), the  estimate  of risk  may  be
disregarded.

Assess  applicability  to clinical  practice

Are  the  results  applicable  to  patient  care?
The first  key  issue  is  assessing  whether  our patients  dif-
fer  from  studied  patients  in terms  of  morbidity,  age,  race,
previous  interventions  or  exposures  or  other  important  char-
acteristics,  in order  to  determine  whether  the  study  results
can  be  extrapolated  to  our  clinical  practice.

What  is  the  magnitude  of  the  risk?
The next  step  is  determining  the patient’s  individual  risk  of
experiencing  the  harmful  effect.  A simple  way  to do this
is to express  it as  a fraction  of  the risk  of  the  study  sub-
jects,  assigning  the  patient  a subjective  value  based on  the
patient’s  clinical  condition.

Should  clinicians  attempt  to  stop  exposure?
Once  all  the  information  has  been  obtained,  clinicians  must
decide  on  the  appropriate  course  of  action  based  on  the
strength  of  the inference,  the  magnitude  of  the  risk  if
exposure  continues,  the  availability  of  alternatives,  and,
obviously,  the  patient’s  values  and  preferences,  combined
with  the  expertise  of  the  provider  that  is  making  the  deci-
sion.
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