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Introduction

A  bias  is  the  ‘‘obliquity  or  twisting  of a thing  to  one  side,  or  in
the  cut,  or  in  the  situation,  or  in the  movement’’  according
to  the  dictionary  of  the Royal  Spanish  Academy  and  refers  to
the  deviations  that  occur  in  the  usual  practice  in any  aspect
of  life.

Thus,  one can  speak  of  different  types  of  biases:  cogni-
tive,  statistical,  contextual,  law  enforcement  bias,  media
bias,  conflict  of  interest  and  even  prejudice.1 In  many  of
these  cases,  a  bias  is  something  harmful  and  negative  and
we must  be alert  to  try  to  neutralise  them  should we  become
aware  of  them;  however,  in some  cases  a  bias can  be posi-
tive,  as  in  the  case  of  a  cognitive  bias,  where  our  brain,  faced
with  a  shortage  of  information  or  time  to  make a decision
that  involves  our survival,  makes  irrational  decisions,  that
which  we  call  ‘‘intuition’’  and  allows  us to  move  away  from
the  collision  course  of  a  vehicle,  for  example.2

Biased  ideas  or  thoughts  see  only one  side  of  reality,  one
side  or  part of  it,  and  therefore  lack  impartiality.3

However,  when  this whole  process  is  taken  to  clinical
research,  any  deviations  that  may  occur  at  any  point  in the
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process  compromise  the  results  of  the research  and,  there-
fore,  the  conclusions  reached.

Research

Any  research process  deals  with  answering  the question
posed  in a valid  and  precise  way,  without  errors.  It  is about
measuring  what  you want  to  measure,  and  measuring  it
properly.  That  is  to  say,  to  guarantee  the validity  of  the
conclusions,  since  these  research  results  are  those  that  will
be  applied  in  clinical  practice,  and to  vouch  for  their  validity
and  reliability.4---6

Validity  is  the  ability  to actually measure  what  it  seeks  to
measure,  it expresses  the  degree  to  which  the phenomenon
of  interest  is  actually  measured.  There  are  variables  that  are
more  valid  than  others  for  measuring  a given  phenomenon;
for  example,  the glycaemic  control  of a diabetic  patient
is  better observed  with  the measurement  of  glycosylated
haemoglobin  than  with  an isolated  measurement  of  gly-
caemia.

The  validity  of  a study  consists  of  both  internal  and  exter-
nal  validity.

Internal  validity  refers  to  the degree  to which  the results
of  a  study  are  free  of error  for the  sample  studied;  it  indi-
cates  the intrinsic  quality  of  a study,  and  its  main  threats
are  systematic  errors  and  confounding  factors.

In contrast,  external  validity  refers  to the degree  to
which  the  results  can be generalised  to  populations  other
than  those  studied  (the  target  population).
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Figure  1  Validity  is synonymous  with  accuracy;  reliability  is

synonymous  with  precision.

Source:  ‘‘Método  epidemiológico’’.  Escuela  Nacional  de Sanidad

(ENS) Instituto  de  Salud  Carlos  III  - Ministerio  de  Ciencia  e  Inno-

vación.

Reliability  or  precision  indicates  the  extent  to  which  the
same  values  are  obtained  when the  measurement  is  made
on  more  than  one  occasion  and  under  similar  conditions;  i.e.
it  expresses  the  degree  of  reproducibility  of a measurement
procedure.

Measurement  always  involves  some  degree  of  error.
Errors  in  measurement  may  be  due  to  factors  associated  with
individuals,  the observer  or  the measuring  instrument,  and
therefore  there  may  be  variations  in measurements.  For ins-
tance,  in  the  measurement  of  body  temperature  there  may
be  errors  due  to  the patients’  condition  (agitation,  blind-
ing);  the  thermometer  used may  be  faulty,  or  the observer
may  make  a  reading,  transcription,  or  rounding  error  that
differs  from  another  observer.

The  accuracy  of  a measurement  does  not  guarantee  its
validity.  For  example,  if 2 consecutive  measurements  of  a
patient’s  blood  pressure  are made  with  a  poorly  calibrated
sphygmomanometer,  the values  obtained  will  be similar
(the  measurement  will  be  reliable),  but  totally  inaccurate
(therefore  invalid)  (Fig.  1).

Systematic  and  random errors

Therefore,  it can  be  said  that  there  are 2  types  of  errors,
systematic  errors  and  randomised  errors  (Table 1).

Randomised  errors  consist  of  a divergence  between  an
observation  made  in the sample  and  the true  value  in the
population.  It  is  due  to chance,  and occurs  for  two  reasons:
because  we are  working  with  samples  and  not with  entire
populations  (and  this  gives  rise to a degree  of individual
variability)  and  because  of  the variability  inherent  in  the
measurement  process,  both in  the instrument  used  and  in
the  observer.

In  the  first  case,  working  with  samples,  this  can be min-
imised  by  increasing  the sample  size  and using randomised
sampling.

In  the  second  case,  variability  due  to  the measurement
process  may  be  attributable  to  measurements  that change
throughout  the  day,  known  as  biological  variability  (average
blood  pressure  varies  over the course  of  the day  because
of  circadian  rhythms),  which  would  be  mitigated  by  taking
several  measurements  and  using  averages  This  can  also  be
a  function  of  the  instrument  used  or  the observer;  in these
cases,  in  order  to  reduce  it,  measurements  must  be stan-
dardised  and  researchers  must  be  well  trained  in how  to
measure  each  variable.7

Randomised  error  is  closely  related  to  the concept  of
precision.

Systematic  error  is  what  is  actually  known  as  ‘‘bias’’;  it is
an  error  in the design  of  the  study  that  leads  to  an  incorrect
estimate  of  the effect  or  parameter  being studied.8

There  are  3 classes  of  biases  or  systematic  errors
(Table  2):

-  Selection  biases:  in the selection  of  subjects.
- Information  biases:  in measuring  the  variables.
-  Confounding  bias:  this  occurs  when there  are variables

that  alter  the relationship  between  the  dependent  and
independent  variables,  and lead  to  confusion  in the  inter-
pretation  of  the results  obtained.

Biases  affect  the study’s  validity,  and  their  effect  is  not
modified  by  increasing  the sample  size, as  the  error  is  to  be
found  in  the design  itself  and  cannot  be controlled  for  in  the
analysis.  In  these  cases,  only  the direction  of  the bias  can
be  estimated:  to know  its  possible  effect  on  the observed
results.

Selection  biases

Looking  at  it  more  slowly,  selection  bias  occurs  when a sam-
ple  is  selected  in a study  that  is  not  representative  of  the
target  population.  It  occurs  when  some subjects  are  more
likely  to  be  selected  than others,  e.g.,  when choosing  sick
individuals  admitted  to  a hospital,  the most seriously  ill  are
selected.  It affects  external  validity:  the results  may  not  be
applicable  to  subjects  with  the  disease  (diabetes)  in follow
up  with  primary  care.

To prevent  selection  bias,  probability  sampling  should  be
used  for  the  selection  of subjects  for  the study.

In  general,  they  occur  in  the following  situations:

-  Biases  in  the selection  of the control  group:  In  cohort  stud-
ies,  the  exposed  and control  cohorts  must  be  similar  in  all
but  the  factor  of  exposure  under  study;  in  clinical  trials,
randomisation  makes  the  groups  very  likely  to  be similar.
Biases  in the selection  of  the control  group  occur  espe-
cially  in case-control  studies  and in retrospective  studies
if the  control  cohort  is  not  similar  to the  case  cohort.

-  Loss-to-follow-up  bias:  In  longitudinal  studies,  this  bias
occurs  when  subjects  are  lost to  follow-up  who  are  more
likely  to  develop  the  outcome  of  interest  than  those  who
are  not  (e.g.  in a  study  of  cardiovascular  disease,  where
more  subjects  are lost  to follow-up  among  smokers  than
among  non-smokers).

- Loss  to  follow up  on-response  bias:  This  occurs  in  surveys
and  cross-sectional  studies  when there  is  a  suspicion  that
individuals  who  respond  to  these  surveys  have  different
characteristics  from  non-respondents.

-  Selective  survival  bias:  This  bias  is present  when newly
diagnosed,  more  benign,  or  milder  cases,  which have
longer  survival  rates,  are included.  In  this  case,  the sam-
ple  is not representative  of  the full spectrum  of  disease
severity  and the  results  cannot  be transposed  to all  those
affected  by  the  disease.

-  Non-representative  sample  bias  or Berkson  bias:  This  is
more  common  in cross-sectional  studies,  if the  sample
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Table  1  Difference  between  randomised  error  and  systemic  error.

Random  error  Systematic  error  (bias)

Cause  •  Sampling Design,  execution,  and  analysis:

• Parameter  variability  • Selection  of  study  subjects

• Information  collection

•  Presence  of  distorted  external  variables

Decreases by  increasing  sample

size

Yes  No

Affecting  Accuracy  Validity

Assessment  Statistical  concept  linked  to

informed  judgement  elements

The  main  elements  involved  are  informed  judgement

Source: «Método epidemiológico».  Escuela Nacional de Sanidad (ENS) Instituto de Salud Carlos III - Ministerio de Ciencia e Innovación.

Table  2  Classification  of  biases.

Biases

Selection

biases

Control  group  selection  bias

Loss  to  follow-up  bias

Non-response  bias

Relative  survival  bias

Berkson’s  bias

Detection  bias

Self-selection  bias

Information

biases

Non-differential  misclassification

Differential  misclassification

Memory,  amnesia  or recall  bias

Unacceptability  bias

Interviewer  bias

Confounding

bias

An effect  is attributed  to  a  variable

without  being  due  to  it.

Source: Created by the authors.

does  not  represent  the  target  population;  for  example,  if
we  take  only  subjects  admitted  to  hospitals  or  from  health
centres,  etc.

-  Detection  error  biases:  These  biases  affect  clinical  trials,
particularly  when  the response  is  evaluated  differently
according  to  the treatment  group.  To  avoid  them,  it is  very
important  that  the  evaluator  be  blinded  to  the treatment
group.

-  Volunteer  participation  bias:  This  happens  when  the  vol-
unteers  may  have a  different  profile  to  those  who  do  not
participate.  It  is  a self-selection  mechanism.

Information biases

These  occur  when  information  about  the  study  factor  or
response  variable  is  collected  erroneously  or  has  been  col-
lected  differently  among  different  study  groups,  if  any.  It
affects  both  internal  and  external  validity.

They  may  be  due  to  the  use  of  inappropriate  measure-
ment  instruments,  imprecise  definitions  or  errors  of  the
enumerators  or  respondents.

Basically,  we  will  discuss  2  types  of errors:

-  Non-differential  classification  error:  This  occurs  when  the
proportion  of misclassified  subjects  is  similar  in each  of
the  study  groups;  for  example,  if  an  insensitive  instru-
ment  is  used  to  measure  the  main  variable  in the different
groups  under  study,  it leads  to  an  underestimation  of
the  true association  and can  give  rise  to  discrepancies
between  the results  of  different  studies.  It  is  a bias  of
lesser  importance  than  differential  classification  biases.

-  Differential  misclassification  error:  In this case,  the pro-
portion  of  errors  in the  classification  of  disease  and
exposure  is  not  the same  in the different  study  groups;
examples  include  the following  types  of  biases.
•  Memory  bias:  individuals  with  a health  problem  have

better  recall  of their  exposure  history  than  those  with-
out  a  health problem.  This  bias  is  not  uncommon  in
retrospective  studies  and  in case  controls.

•  Interviewer  bias:  This  arises  if there  is  a systematic  dif-
ference  in how  data  are  collected  or  interpreted  from
study  participants  depending  on  the group  to  which  they
belong.

•  Unacceptability  bias:  This  is  the  result  of  when  study
subjects  have  misgivings  about  certain  exposures  that
are  socially  frowned upon, such as  excessive  alcohol
consumption  or  the  use  of  certain  substances.

Conclusion

Biases  can occur  at all  stages  of  a  research  project,  from
the  literature  review,  to  selecting  only articles  published
in a particular  language,  to  analysing  data  with  incorrect
statistical  tests,  to  not publishing  the results  because  you
do not  like  the data  obtained.

Although  not  all  biases  can  always  be avoided,  at least
every  effort  should  be made  to  control  and  minimise  them
and,  above  all, to  be aware  of  them.

One  must  be  very  careful  in planning  studies,  since  mis-
takes  can always  be  made. Some  errors  can  be overcome
in  the statistical  analysis,  for  instance,  but  others  cannot
be  fixed  and  can  distort  the  results  to  the point of being
inadmissible  as  evidence.
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