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R
isk

of bias
assessm

ents:
analysis

and interpretation

Jonathan
S

terne
D

epartm
entofS

ocialM
edicine, U

niversity
ofB

ristol,U
K
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B
ias

in
the

results ofm
eta-analyses

•
R

eporting
biases

–
P

ublication
bias

–
S

elective
reporting

ofoutcom
es

–
Fertile

ground
forstatisticaltests

–
N

ow
,finally,addressed

in
the

obvious
w

ay,by
m

andatory
trialregistration
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L
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B
ias

in
the

results ofm
eta-analyses

•
R

eporting
biases

–
P

ublication
bias

–
S

elective
reporting

ofoutcom
es

–
Fertile

ground
forstatisticaltests

–
N

ow
,finally,addressed

in
the

obvious
w

ay,by
m

andatory
trialregistration

•
B

iases
resulting

from
flaw

s
in

trialconduct
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5

R
andom

ised
C

ontrolled
Trials

(R
C

Ts)

•
S

im
ple

idea …
E

ligible
participants

R
andom

ise

Intervention
group

C
om

parison
group

A
ssess

outcom
es

A
ssess

outcom
es
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6

•
D

eceptively
sim

ple
idea

E
ligible

participants

R
andom

ise

Intervention
group

C
om

parison
group

A
ssess

outcom
es

A
ssess

outcom
es

B
ias

can
be

introduced
at

allstages
of

the
conduct

ofR
C

Ts

R
andom

ised
C

ontrolled
Trials

(R
C

Ts)
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Flaw
s

in
the

conductofR
C

Ts
•

Trials
provide

causalinferences
aboutthe

effectofthe
intervention

ifw
e

random
ise

sufficientindividuals
and

avoid
selection

and
perform

ance
biases

•
This

can
be

underm
ined

by:
–

Inadequate
generation

ofrandom
isation

sequence
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Flaw
s

in
the

conductofR
C

Ts
•

Trials
provide

causalinferences
aboutthe

effectofthe
intervention

ifw
e

random
ise

sufficientindividuals
and

avoid
selection

and
perform

ance
biases

•
This

can
be

underm
ined

by:
–

Inadequate
generation

ofrandom
isation

sequence
–

Inadequate
concealm

entofallocation

Problem
s

w
ith

random
isation

m
ay

cause
selection

bias,ifparticipants
or

healthcare
providers

can
predict

treatm
entallocation



9
D
ep
artm

en
t
of

SO
C
IA
L
M
E
D
IC
IN
E

U
n
iversity

of
B
R
IST

O
L

Flaw
s

in
the

conductofR
C

Ts
•

Trials
provide

causalinferences
aboutthe

effectofthe
intervention

ifw
e

random
ise

sufficientindividuals
and

avoid
selection

and
perform

ance
biases

•
This

can
be

underm
ined

by:
–

Inadequate
generation

ofrandom
isation

sequence
–

Inadequate
concealm

entofallocation
–

Inadequate
blinding

•
Perform

ance
bias

•
C

are
ofintervention

and
controlgroups

notcom
parable

•
D

etection
bias

•
M

easurem
entofoutcom

es
not

com
parable
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Flaw
s

in
the

conductofR
C

Ts
•

Trials
provide

causalinferences
aboutthe

effectofthe
intervention

ifw
e

random
ise

sufficientindividuals
and

avoid
selection

and
perform

ance
biases

•
This

can
be

underm
ined

by:
–

Inadequate
generation

ofrandom
isation

sequence
–

Inadequate
concealm

entofallocation
–

Inadequate
blinding

–
Excluding

patients,oranalysing
them

in
the

w
rong

group
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Including
biased

trials
w

illcause
m

eta-
analyses

to
be biased
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0.2
0.4

0.6
2

1

M
eta-analysis

S
ingle

large trial

O
dds

R
atio

N
itrates

in
m

yocardialinfarction

Inpatientgeriatric
assessm

ent

M
agnesium

in
m

yocardialinfarction

A
spirin

forpre-eclam
psia

prevention

Intervention

Eggeretal.B
M
J

1997
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Including
biased

trials
w

illcause
m

eta-
analyses

to
be biased

•
A

n
obvious

solution
is to

score
the

quality
oftrials

included
in

the
m

eta-analysis
•

W
e

could
then

dow
nw

eightlow
quality

trials,orexclude
trials

scoring
below

a
chosen

quality
threshold
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The
death ofquality

scores
•

25
know

n
checklists

•
B

etw
een

3
and

34
com

ponents
•

Frequently
no

definitions
ofquality

•
M

ostcom
ponents

said to
be

based
on

“accepted
criteria”

(M
oheretal.C

ontrolled
C
linicalTrials

1995;16:62-73)
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“Q
uality

scores
are

useless
and

potentially
m

isleading”

G
reenland

A
m
.J.E

pidem
iol.1994;140:290-296

“perhaps
the m

ostinsidious
form

ofsubjectivity
m

asquerading
as

objectivity
is

‘quality scoring’.This
practice

subjectively
m

erges
objective

inform
ation

w
ith

arbitrary
judgem

ents
in

a m
anner thatcan

obscure
im

portantsources
ofheterogeneity

am
ong study

results”
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R
elative

risk
w

ith
95%

C
I

0·5
0·75

1
1·25

Quality Scale 1-25

Alltrials
12345678910111213141516171819202122232425

R
e-analysis

using
25

different
scales

to
assess

trialquality

Endpoint:
D

eep
vein

throm
bosis

Jünietal.JA
M
A

1999
282:1054-1060

H
igh

quality

Low
quality
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Em
piricalevidence

ofbias

Evidence-based
criticalappraisal
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M
eta-epidem

iology
(N

aylor,B
M
J

1997;315:617-619)

•
Identify

a
large

num
berofm

eta-analyses
•

R
ecord

characteristics
ofindividualstudies

(allocation
concealm

ent,blinding, type
ofpublication,language

etc.)
•

C
om

pare
treatm

enteffects
w
ithin

each
m

eta-analysis
(for

exam
ple

notdouble
blind

vs.double
blind)

•
E

stim
ate

ratio
ofodds

ratios

19
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ep
artm
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S
chulz

K
F,C

halm
ers

I,H
ayes

R
J,A

ltm
an

D
G

.(1995)E
m

piricalevidence
ofbias.D

im
ensions

of
m

ethodologicalquality
associated

w
ith

estim
ates

of treatm
enteffects

in
controlled

trials.JA
M
A

273:408-412.

0.5
0.6

0.7
0.8

0.9
1.0

1.1
1.2

N
o

Yes
D

ouble-blind

Yes

N
o

Exclusions

Inadequate/unclear

A
dequate

Sequence
generation

Inadequate/unclear

A
dequate

C
oncealm

entofallocation

R
atio

ofO
dds

R
atios

Treatm
enteffect

over-estim
ation

under-estim
ation

R
eference

Em
piricalevidence

ofbias
33

m
eta-analyses,250

R
C

Ts
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N
O

TE
:W

eights
are

from
random

effects
analysis

O
verall

(I-squared
=

88.6%
,p

=
0.000)

K
jaergard,2001

A
ls-N

eilsen,2004

M
oher,1998

S
tudy

ID

B
alk,2002

E
gger,2003

S
chulz,1995

0.79
(0.66,0.95)

0.60
(0.37,0.97)

1.02
(0.93,1.13)

0.63
(0.45,0.88)

ratios
(95%

C
I)

0.95
(0.83,1.09)

0.79
(0.70,0.89)

0.66
(0.59,0.73)

0.79
(0.66,0.95)

0.60
(0.37,0.97)

1.02
(0.93,1.13)

0.63
(0.45,0.88)

ratios
(95%

C
I)

R
atio

ofodds

0.95
(0.83,1.09)

0.79
(0.70,0.89)

0.66
(0.59,0.73)

.25
1

4
.25

.5
1

2

R
atio

ofodds
ratios

A
llocation

concealm
ent:

com
bined

evidence
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A
nalysis

ofm
eta-epidem

iological
studies

•
M

oststudies
used

a
logistic

regression
approach

assum
ing

fixed
effects

w
ithin

and
betw

een
m

eta-analyses
–

Assum
es

no
betw

een-trialheterogeneity,and
thateffects

ofbias
are

the
sam

e
in

each
m

eta-analysis

•
Tw

o-stage
approach:

–
Estim

ate
the

effecttrials
characteristics

separately
in

each
m

eta-
analysis

–
C

om
bine

estim
ates

across
m

eta-analyses

(S
terne

etal.S
tatistics

in
M
edicine

2002;21:1513-1524)
22
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N
on

blinded
m

ore
beneficial

N
on

blinded
less

beneficial

0.93
(0.83,1.04)

R
atio

ofodds
ratios

(95%
C

I)

O
verall(76)

N
o.oftrials*

314vs.432

C
om

parison
(N

o.of m
eta-analyses)

*N
on

blinded
vs.blinded

Variability in
bias

(P
value)

0.11
(p<0.001)

The
im
age

cannot
bedispla…

R
atio

ofodds
ratios

0.5
0.75

1
1.5

2 1.01
(0.92,1.10)

0.75
(0.61,0.93)

Subjective
outcom

es
(32)

O
bjective

outcom
es

(44)
210vs.227

104vs.205

0.08
(p<0.001)

0.14
(p=0.001)

Th

The
im
age

cannotbe
displayed.
Your
com
puter

m
ay

nothave
enough

m
e…

C
om

bined
analysis

ofthree em
pirical

studies:blinding
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Inadequately
concealed

m
ore

beneficial
Inadequately

concealed
less

beneficial

R
atio

ofodds
ratios

0.5
0.75

1
1.5

2 R
atio

ofodds
ratios

(95%
C

I)

0.83
(0.74,0.93)

O
verall(102)

N
o.oftrials*

532
vs.272

C
om

parison
(N

o.of m
eta-analyses)

*Inadequately/unclearly
concealed

vs.adequately
concealed

0.11
(p<0.001)

The
im
age

cannot
bedispla…

The
im
age

cannotbe
displayed.
Your
com
puter

m
ay
not

have
enou

0.91
(0.80,1.03)

0.69
(0.59,0.82)

O
bjective

outcom
es

(62)

Subjective
outcom

es
(40)

310
vs.174

222
vs.98

0.11
(p<0.001)

0.07
(p=0.011)

Variability in
bias

(P
value)

C
om

bined
analysis

ofthree em
pirical

studies: allocation
concealm

ent

W
ood,L.,E

gger,M
.,G

luud,L.L.,S
chulz,K

.,Jüni,P.,A
ltm

an,D
.G

.,G
luud,C

.,M
artin,R

.M
.,W

ood,A
.J.G

.
and

S
terne,J.A

.C
.(2008)E

m
piricalevidence

ofbias
in treatm

enteffectestim
ates

in
controlled

trials
w

ith
differentinterventions

and
outcom

es:m
eta-epidem

iologicalstudy.B
M
J,336:601-605.
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Inadequately
concealed

m
ore

beneficial
Inadequately

concealed
less

beneficial

R
atio

ofodds
ratios

0.5
0.75

1
1.5

2 R
atio

ofodds
ratios

(95%
C

I)

0.83
(0.74,0.93)

O
verall(102)

N
o.oftrials*

532
vs.272

C
om

parison
(N

o.of m
eta-analyses)

*Inadequately/unclearly
concealed

vs.adequately
concealed

0.11
(p<0.001)

The
im
age

cannot
bedispla…

The
im
age

cannotbe
displayed.
Your
com
puter

m
ay
not

have
enou

0.91
(0.80,1.03)

0.69
(0.59,0.82)

O
bjective

outcom
es

(62)

Subjective
outcom

es
(40)

310
vs.174

222
vs.98

0.11
(p<0.001)

0.07
(p=0.011)

Variability in
bias

(P
value)

C
om

bined
analysis

ofthree em
pirical

studies: allocation
concealm

ent

W
ood,L.,E

gger,M
.,G

luud,L.L.,S
chulz,K

.,Jüni,P.,A
ltm

an,D
.G

.,G
luud,C

.,M
artin,R

.M
.,W

ood,A
.J.G

.
and

S
terne,J.A

.C
.(2008)E

m
piricalevidence

ofbias
in treatm

enteffectestim
ates

in
controlled

trials
w

ith
differentinterventions

and
outcom

es:m
eta-epidem

iologicalstudy.B
M
J,336:601-605.

Inadequately
concealed

m
ore

beneficial
Inadequately

concealed
less

beneficial

R
atio

ofodds
ratios

0.5
0.75

1
1.5

2 0.83
(0.74,0.93)

532
vsss

272

rlytely

0.91
(0.80,1.03)

0.69
(0.59,0.82)

62)

(40)

310
vsss

174

222
vsss

98

Em
pricalevidence

on
the

effect offlaw
s

in
trial

conductw
illalw

ays be
lim

ited
by

im
perfect

reporting
oftrials
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B
ias

assessm
entin

C
ochrane

review
s

•
P

rojectled
by

Julian
H

iggins
and

D
oug

A
ltm

an
•

“R
isk

ofbias”,not“quality”
•

C
ochrane

review
ers

are
now

asked
to

judge
w

hether there
is

a
risk

ofbias
in the

results
ofthe

trial
–

“Yes”:high
risk

ofbias
–

“N
o”:low

risk
ofbias

1.
Sequence

generation
(random

isation)
2.

Allocation
concealm

ent
3.

Blinding
ofparticipants,personneland

outcom
es

4.
Incom

plete
outcom

e
data

(attrition
and

exclusions)
5.

Selective
outcom

e
reporting

6.
O

ther(including
topic-specific,design-specific)
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The
R

O
B

tool:how
to

assess
item

s
Tw

o com
ponents 

1.
D

escription
ofw

hathappened
•

possibly
including

‘done’,‘probably
done’,‘probably

not done’or
‘notdone’forsom

e
item

s

2.
R

eview
authors’judgem

ent
•

w
hetherbias

unlikely
to be

introduced
through

this
item

(Yes,N
o,

U
nclear)

Yes
=

Low
risk

ofbias
N

o
=

H
igh

risk
ofbias

U
nclear=

unable
to

m
ake

a
clear judgem

ent

‘B
linding’and

‘Incom
plete

outcom
e

data’m
ay

need
separate

assessm
ents

for differentoutcom
es
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R
isk

of bias
table

Study:Fism
an

1981
A

uthors’
judgem

ent
D

escription

S
equence

adequately
generated?

U
N

C
LEA

R
“P

atients
w

ere
random

ly
allocated”.

A
llocation

concealed?
U

N
C

LEA
R

N
o

inform
ation.

B
linding?
A
llincluded
outcom

es
Low

risk

“double
blind

design”.
“M

illet…
resem

bles
lecithin

in
appearance…

W
hen

ground,each
substance

could
be

distinguished
from

the
otherby

hue
and

taste
butstaffw

ere
not

inform
ed

as
too

w
hich

w
as

w
hich.”

Incom
plete

outcom
e

data
addressed?
A
llincluded
outcom

es

H
igh

risk

D
ata

unavailable
form

eta-analysis.
R

andom
ised:lecithin

=
N

otstated,placebo
=

N
ot

stated,Total =
33.

M
issing:lecithin

=
7

(non-cooperation
ordiarrhoea

=
2;m

oved
to

nursing
hom

e
=

4,death
=

2),
placebo

=
5

(non-cooperation
ordiarrhoea

=
3,

death
=

2),totalm
issing

=
36%

.
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Study:Fism
an

1981
A

uthors’
judgem

ent
D

escription

Free
ofselective

reporting?
H

igh
risk

N
o

quantitative
results

reported
due

to
lack

of
effect.
Itis

apparently
clearw

hich
outcom

es
w

ere
m

easured.

Free
ofotherbias?

Low
risk

N
o

problem
s

apparent.

R
isk

of bias
table
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Adequatesequencegeneration
Allocationconcealment

Blinding(Patient-reportedoutcomes)
Blinding(Mortality)

Incompleteoutcomedataaddressed(Short-term
outcomes(2-6wks))

Incompleteoutcomedataaddressed(Longer-term
outcomes(>

6ks))
Freeofselectivereporting

Freeofotherbias
Yes(Low

riskofbias)
Unclear

No(Highriskofbias)

S
um

m
ary

ofrisk
ofbias

forincluded
trials

Incorporating
bias

assessm
ents

into
review

s

So
now

I’ve
dealtw

ith
bias

in
m

y
review

?
N

o!
30

D
ep
artm

en
t
of

SO
C
IA
L
M
E
D
IC
IN
E

U
n
iversity

of
B
R
IST

O
L

30

Sum
m

arising
risk ofbias

•
R

eview
ers

w
illneed to

do this:
–

foran
outcom

e
w

ithin
a

study
(across

bias
dom

ains)
–

foran
outcom

e
across

studies
(fora

m
eta-analysis)

•
O

utcom
e-levelsum

m
aries

should
inform

the
choice ofm

eta-analytic
strategy

forthatoutcom
e

•
M

eta-analysis-level sum
m

aries should
inform

the
interpretation

(sum
m

ary
offindings)
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Incorporating
outcom

e-levelbias
assessm

ents
into

m
eta-analyses

1.
Presentallstudies

and
provide

a
narrative

discussion
ofrisk

ofbias
–

such
an

approach
is

discouraged
because

•
D

escriptions
ofbias

are
likely

to
be

lostin
discussion

and
conclusions

•
R

esults
from

studies
athigh

risk
ofbias

should
be

dow
nw

eighted

2.
Prim

ary
analysis

restricted
to

studies
at low

(or low
and

unclear)risk
ofbias

–
O

ften
only

a
sm

allproportion
oftrials

–
R

eview
ers

reluctantto
discard

inform
ation,

3.
Presentm

ultiple
analyses

w
ith

equalprom
inence

–
C

onfusing
forreaders

and
decision-m

akers
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Evaluation
ofuse ofR

O
B

tool
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Testing
for bias

w
ithin

a
m

eta-analysis
is

unlikely
to

help
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O
dds

ratio
.01

.1
1

10
100

N
o.ofevents

Treatm
ent

C
ontrol

Australia
1976

11/33
17/31

Europe
1974

6/110
8/113

Europe
1984

8/39
15/40

G
erm

any
1989

2/16
2/16

G
erm

any
1994

1/18
1/18

H
ong

Kong
1974

1/20
1/20

Japan
1977

4/47
0/41

Sw
itzerland

1975
1/18

3/22
Taiw

an
1997

2/21
2/19

U
SA

1979a
6/16

11/15
U

SA
1979b

4/7
5/8

U
SA

1987
27/75

36/76
U

SA
1994a

2/21
0/20

U
SA

1994d
6/25

1/14
U

SA
1996a

46/136
58/89

U
SA

1997
88/205157/218

Subtotal
215/807317/760

C
anada

1977
6/22

9/28
R

om
ania

1976
1/20

0/20
U

SA
1988

15/126
18/142

U
SA

1994b
12/37

21/34
U

SA
1996b

3/10
1/11

Subtotal
37/215

49/235

O
verall

252/1022366/995

Exam
ple: C

lozapine
versus

neuroleptic
m

edication
forschizophrenia

C
oncealm

entinadequate (H
)

C
oncealm

entadequate (L)
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C
oncealm

entadequate (L)

C
oncealm

entinadequate (H
)

All0.25
0.50

1.00
2.00

Treatm
entodds

ratio
(log

scale)

Exam
ple: C

lozapine
versus

neuroleptic
m

edication
forschizophrenia

R
O

R
:0.66

(0.31,1.41)
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R
atio

(inadeqate
v

adequate
concealm

entofallocation)
.01

.05
.1

.5
1

2
5

10

C
om

bined

The
effects

ofcom
ponents

oftrialquality
are

usually
im

precisely
estim

ated
in

a
single

m
eta-analysis

Little
hope

ofadjusting
for

the
effects

oftrialquality
using

only
the

inform
ation

available
in the

m
eta-

analysis

D
ata

from
Schulz

et
al.(JAM

A
1995)



37
D
ep
artm

en
t
of

SO
C
IA
L
M
E
D
IC
IN
E

U
n
iversity

of
B
R
IST

O
L

Effects offlaw
s

in
the

conductoftrials

•
C

hange
in

average
intervention

effect(bias)
–

the
focus

ofm
ostprevious

research
•

B
etw

een-m
eta-analysis

variability
in

average
effect ofbias

•
Increases

in betw
een-trialheterogeneity

•
Ifw

e
knew

 thatlack
ofblinding

alw
ays

exaggerated
intervention

effects
by

20%
 there

w
ould

be
no

problem
•

B
ias

m
atters because its

effects
are uncertain
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C
onsequences

offlaw
s

in
trialconduct
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C
onsequences

offlaw
s

in
trialconduct

H
ow

m
ightw

e
use

evidence
aboutthe

effects
offlaw

s
in

trialconduct,from
m

eta-
epidem

iologicalstudies,to
com

bine
data

from
studies

athigh
and low

risk
ofbias

in
m

eta-analyses?
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C
onsequences

fora
single

study
at

high
risk

ofbias
•

C
orrectthe

estim
ated

effectofintervention,forthe
average

bias
associated

w
ith the

flaw
(s)in

the
trial

•
Increase

the
trial variance

by
adding:

–
the

average
increase

in
betw

een-trialheterogeneity
–

the
betw

een-m
eta-analysis

variance
in

average
bias

•
S

o,trials
athigh

risk
ofbias

should
be

dow
nw

eighted
in

m
eta-analyses
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C
oncealm

entadequate (L)

C
oncealm

entinadequate (H
)

All

B
ias-adjusted0.25

0.50
1.00

2.00
Treatm

entodds
ratio

(log
scale)

Exam
ple: C

lozapine
versus

neuroleptic
m

edication
forschizophreniaR

elative
w

eight
(type

H
studies)=81%

R
elative

w
eight

(type
H

studies)=37%
w

=0.41 R
O

R
:0.66

(0.31,1.41)
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C
onsequences

form
eta-analyses

•
Lim

its
to

the
inform

ationalvalue
ofstudies

athigh
risk

ofbias:
1.

E
ven

a
very

large
study

athigh
risk

ofbias
has

m
inim

um
variance

corresponding to
the

sum
of

variances
ofincrease

in
heterogeneity

and
variance

in
bias

2.
E

ven
a

m
eta-analysis

oflarge
studies

athigh
risk

of
bias

has
m

inim
um

variance
corresponding

to
the

betw
een-m

eta-analysis
variance

in
average

bias

G
iven

currentknow
ledge,the

bestapproach
forC

ochrane
review

authors
is

to
restrictm

eta-analyses
to

studies
at

low
(or low

and
unclear)risk

ofbias
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C
onclusions

•
Flaw

s
in the

conductofrandom
ized

controlled
trials

are
im

portantbecause
they

increase
uncertainty

•
Ifw

e
w

ant to
include

potentially
biased

evidence
in

a
system

atic
review

,then
w

e
should

dow
nw

eightand
correct

forbias,based
on

em
piricalevidence

on
its

effects

•
The

bestcurrently
available

approach
forC

ochrane
review

ers
is to

presenta
prim

ary
m

eta-analysis
restricted

to
studies

atlow
(orlow

and
unclear)risk

ofbias
–

Bias
assessm

ents
based

on
the R

isk
ofBias

Toolseem
w

idely
accepted

–
Im

provem
ents

to the
H

andbook,R
evM

an
and

training m
aterials

m
ay

be
needed

to
im

prove
incorporation

ofbias
assessm

ents
in

review
s

and
SoF


