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The medical literature can 
be compared to a jungle. It 
is fast growing full ofis fast growing, full of 
deadwood, sprinkled with 
hidden treasure and 
infested with spiders and 
snakes. Morgan. Can Med 
Assoc J 134 Jan 15 1986Assoc J, 134,Jan 15, 1986

Overview

• Discuss major forms of bias and sources of 
variation in diagnostic studiesvariation in diagnostic  studies

• Describe assessment of methodological quality 
of diagnostic accuracy studies
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Diagnostic studies lack methodological rigor

Diagnostic studies in four prominent general medical journals

Peeling et al. Nature Rev Micro 2006 (data are from Reid et al. JAMA. 1995 (274):645–651)

Lack of rigor: 
example from 
TB literature

12 meta-analyses; > 500 

• 65% used prospective design
• 33% used consecutive or 
random sampling
• 72% used a cross-sectional 
design; 1/3 used case control

y ;
diagnostic studies

Pai et al. Exp Rev Mol Diagn 2006

design; 1/3 used case-control 
• Blinding reported in 34%
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“Bias is any process at any stage of inference 
which tends to produce results or conclusions 

that differ systematically from the truth.” *

BiasesBiases 

- can arise through problems in design, execution, 
analysis, and interpretation

- can lead to over or underestimates of test accuracy

Any factor that influences the assessment of    
disease status or test results can produce bias

*Murphy. The Logic of Medicine. Baltimore: John Hopkins University Press.1976.
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More definitions

• Variability arises from differences among 
studies such as population demographicsstudies, such as population demographics, 
disease prevalence, choice of cut-off value

• Assessment of methodological quality is the 
process of appraising the design and conduct of 
the studies included in a systematic review ofthe studies included in a systematic review of 
diagnostic studies - addresses both bias and 
variation

In a perfect world, the ideal study 
design… 

• All consecutive (or random) patients with the 
suspected disease enrolledsuspected disease enrolled 

• Criteria for enrollment should be clearly stated

• Blind comparison of the index test and the 
reference test 

• The group of patients enrolled should cover the 
t f di th t i lik l t bspectrum of disease that is likely to be 

encountered in practice
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centripetal   

clinical review  

co-intervention

intrinsic interobserver variability
loss to follow-up 
observer variability 

Can you explain all of these biases reported from    
diagnostic studies? 

co intervention  

comparator review  

diagnostic access  

diagnostic review  

diagnostic safety  

diagnostic suspicion  

differential verification 

partial verification 
patient cohort 
patient filtering 
popularity
population
referral 
sampling

disease progression  

extrinsic interobserver variability

inappropriate reference standard 

Incorporation 

indeterminate results

intraobserver variability

sampling 
spectrum 
temporal effects 
test review 
withdrawal 
work-up bias
yet-another-bias 

E er thing sho ld be made as“Everything should be made as 
simple as possible but not simpler.” 
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Sources of bias in diagnostic studies

• Bias due to an inappropriate/imperfect  
reference standardreference standard

• Spectrum bias
• Verification (work-up) bias

– Partial verification bias
– Differential verification bias

• Lack of blinding• Lack of blinding
• Incorporation bias
• Bias due to withdrawals, indeterminates, etc

An ideal reference standard…

• provides error-free classification of 
all participantsall participants

• verifies all test results

• both study test and reference 
standard can be performed within a 
short interval to avoid changes in 
target disease statustarget  disease status
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Bias due to inappropriate or imperfect 
reference standard

• The “gold  standard” is the best performing test 
il bl b t it i l f tavailable, but it is rarely perfect

• Imperfect reference standards are commonly used 
in diagnostic studies

• May lead to over or underestimation of test 
accuracy 

Misclassification of disease status

• How accurately can you measure the following?
– Depression

Tuberculosis in children– Tuberculosis in children
– Latent TB infection
– Dementia
– Migraine
– Attention deficit disorder
– Cause of death
– Irritable bowel syndrome
– Chronic fatigue syndrome
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Rarely, you get tests that are nearly perfect

The OraQuick test on oral fluid specimens had better 
performance with a sensitivity of 100% (95% CI 98 100)performance with a sensitivity of 100% (95% CI 98, 100) 
and a specificity of 100% (95% CI 99, 100), as compared 
to the OraQuick test on finger stick specimens with a 
sensitivity of 100% (95% CI 98, 100), and a specificity of 
99.7% (95% CI 98.4, 99.9).

But even ‘nearly perfect’ tests run into 
problems!
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What  if the reference 
standard is imperfect or 

missing?

Methods for diagnostic research  where 
reference standard is imperfect or missing

1. Adjust for missing data on reference 
standardstandard

2. Correct for imperfections in reference 
standard (based on previous research about 
the degree of imperfection)

3. Combine multiple pieces of information to 
construct a reference standardconstruct a reference standard

4. Validate the index test results with other 
relevant clinical characteristics
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Example: in the absence of a gold 
standard for latent TB infection…

a) use the tuberculin skin test as the 
gold standard

Weaker

g
b) use both TST and IGRA
c) use active TB as surrogate for LTBI
d) use exposure gradient among 

contacts of active TB cases; examine 
if IGRA  or TST correlates more 
closely with exposurey p

e) use future progression from latent 
infection to active disease

Stronger

Interferon-gamma release assays for the 
diagnosis of latent tuberculosis infection in 

HIV-infected individuals - A systematic review 
and meta-analysis, Cattamanchi et al, 

accepted manuscript JAIDSaccepted manuscript, JAIDS

• “Studies evaluating the performance of IGRAs 
are hampered by the lack of an adequate gold 
standard to distinguish the presence or absence 
of LTBI. …we developed a hierarchy of 

t th t ld t l foutcomes that could support a role for 
IGRAs in identifying HIV-infected individuals 
who could benefit from isoniazid preventive 
therapy….”
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Spectrum bias (a form of selection bias)

Could the selection of patients have introduced bias?

• Extreme case case-control design where study• Extreme case, case-control design where study 
enrolls patients with definite disease and healthy 
controls, estimates of accuracy may be inflated

• However, the use of a case-control design does 
not always produce biased estimates of  
accuracy, for example enrolling diseased controlsaccuracy, for example enrolling diseased controls 
will reduce the potential for bias 

Example: spectrum bias
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Example: spectrum bias - NAAT for 
tuberculous meningitis

Case-control studies had a
two-fold higher DOR than
cross-sectional studies

Pai et al. Lancet Infect Dis 2003

Empirical evidence of sources of bias in 
diagnostic studies
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Empirical Evidence of Design-Related Bias
in Studies of Diagnostic Tests Lijmer. JAMA.1999

Evidence of bias and variation in diagnostic accuracy 
studies. Rutjes. CMAJ.2006
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Verification bias (work up bias)

Risk of bias if…

• …not all of the study group receive confirmation of 
diagnosis by the same reference standard 

• ...if index test result influences decision to perform the 
reference standard or which reference standard to use

• Partial verification: reference standard is performed on 
test-positives, but not test-negatives

• Differential verification: reference standard used for test-
positives differs from that used for test-negatives

Example: verification bias - performance of 
prostate-specific antigen (PSA)

• In the past, men were only recommended for 
biopsy (the gold standard for assessment ofbiopsy (the gold standard for assessment of 
prostate cancer) if PSA > 4 ng/ml 

• If the true disease state is known for only a 
subset of participants, and that subset is 
determined by the PSA result, data are subject 
to "verification bias"
M tl i l t d 15% f• More recently, in one large study, 15% of men 
with a PSA level at or below 4.0 ng/mL had 
prostate cancer*

*Thompson et al. NEJM. 2004; 350(22):2239–2246
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Question? Lijmer Whiting Rutjes
Did investigators 

f th
Different gold 

t d d
Inappropriate 

ld t d d
Different gold 

t d d

Empirical evidence of verification bias reported in 3 
systematic reviews of diagnostic accuracy studies

perform the same
gold standard on 
all patients 
regardless of the 
study test results? 

standard
used for some 

patients          
RDOR 2.2  (95% 

CI 1.5,3.3)

gold standard
(some empirical 

support)

standard
used for some 

patients 
RDOR 1.6          

(95% CI 0.9,2.9)

Gold standard not 
used for

Gold standard 
not used for

Gold standard not 
used for

some patients 
RDOR 1.0      

(95% CI 0.8,1.3)

some patients 
(strong 

empirical
support)

some patients 
RDOR 1.1          

(95% CI 0.7,1.7)

Adapted from Furukawa and Guyatt. CMAJ 2006; 174(4):481-2

Lack of blinding (also called review bias)

• Diagnostic studies may be:
– UnblindedUnblinded
– Single blind (study test or ref. standard 

result is blinded)
– Double blind (study test and ref. std results 

are blinded)
• Lack of blinding can lead to overestimation of g

test accuracy
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Lack of blinding 

• Blinding is more important when the 
interpretation of test results is subjective (e.g., 
pain) 

• Blinding is less important when study test and 
gold standard are produced by an automated 
system with little or no ambiguity in the 
reading of results (e.g. CD4 count)g ( g )

• Lab tests can be easily blinded by coding 
specimens

Example: blinding
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Question? Lijmer Whiting Rutjes
Did investigators Nonblinded Review bias Nonblinded

Empirical evidence of lack of blinding reported in 3 
systematic reviews of diagnostic accuracy studies

Did investigators 
interpret the results 
of the study test and 
the gold standard 
independently and 
blindly from each 
other?

Nonblinded
reading of 

results
RDOR 1.3       

(95% CI 1.0,1.9)

Review bias 
(some 

empirical
support)

Nonblinded
reading of

results 
RDOR 1.1

(95% CI 0.8, 1.6)

Adapted from Furukawa and Guyatt. CMAJ 2006; 174(4):481-2

Incorporation bias

• If the study test is included in reference standard 
(i e used to establish diagnosis)(i.e., used to establish diagnosis)

• Example: Tuberculin skin test for TB in children. 
What is the most appropriate reference standard 
for pediatric TB? 

• Empirical evidence is lacking, but incomplete 
reporting makes it difficult to evaluate potentialreporting makes it difficult to evaluate potential 
sources of bias  - use common sense
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Evidence of bias and variation in diagnostic accuracy 
studies. Rutjes. CMAJ.2006

Bias due to withdrawals, indeterminates, 
missing data

• Example:  “High sensitivity of IGRA in HIV+ p g y
TB patients”

– Sensitivity of IGRA ~90% 

• But nearly 30% of all patients had 
indeterminate IGRA results!

• These results were excluded forThese results were excluded for 
computation of sensitivity
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Sensitivity of QuantiFERON-TB Gold In-Tube and T-
SPOT.TB in HIV-infected persons with confirmed active 

tuberculosis (low/middle-income countries)

Metcalfe et al.- Methods

• We used the following definitions for primary 
outcomesoutcomes

• (1) Sensitivity - the proportion of individuals 
with a positive IGRA result among those with 
culture-positive TB (we included 
indeterminate IGRA results in the 
denominator if they occurred in individualsdenominator if they occurred in individuals 
with culture positive TB)



27/12/2010

21

Assessment of methodological quality 
of diagnostic accuracy studies

http://jamaevidence.com/
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Users’ guide for a diagnostic study

QUality Assessment of Diagnostic 
Accuracy Studies (QUADAS)

• Systematically developed based on empirical 
evidence and a formal consensus method 
(modified Delphi)

• Recommended tool by Cochrane Collaboration

Whiting et al. The Development of QUADAS…  BMC Med Res Methodol 
2003; 3:25.
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QUADAS-2, currently being piloted

• Four core domains: Patient selection; Index test; 
Reference standard; Flow and timingReference standard;  Flow and timing

- Assessed for Risk of Bias (ROB) and 
Applicability 

- ‘Signalling’ questions which are  scored as 
‘Y ’ ‘N ’ ‘U l ’‘Yes’, ‘No’, ‘Unclear’

- ROB and Applicability are scored as  ‘Low’, 
‘High’, ‘Unclear’

QUADAS - 2

• Define the question:

P ti tPatients:

Index test:

Comparator test (if applicable):

Target condition:
Reference Standard:

• Two reviewers working independently 
• Transparent process
• Goal is to achieve consensus
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Domain 1: Patient Selection

Risk of bias: Could the selection of patients 
have introduced bias?have introduced bias?

• Signalling Question 1: Were eligibility criteria 
defined? 

• Signalling Question 2: Was an unselected 
sample of patients enrolled? 

Whiting P, QUADAS2, DRAFT

Domain 2: Index Test - DRAFT 

Risk of bias: Could methods used to interpret or 
conduct the index test have introduced bias?

• Signalling Question 1: Were the index test 
results interpreted without knowledge of the 
results of the reference standard?

• Signalling Question 2: Did the study pre-specify 
the threshold?

- Selecting the threshold to maximise the sensitivity 
and/or specificity of the test may lead to overoptimistic 
measures of test performance

Whiting P, QUADAS2, DRAFT
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Domain 3: Reference Standard

Risk of bias: Could methods used to conduct or 
interpret reference standard have introduced 
bi ?bias?

• Signalling Question 1: Is the reference standard 
likely to correctly classify the target condition?

• Signalling Question 2: Were the reference 
standard results interpreted without knowledgestandard results interpreted without knowledge 
of the results of the index test?

Whiting P, QUADAS2, DRAFT

Domain 4: Flow and timing

Risk of bias: Could the patient flow have introduced bias?

Si lli Q ti 1 W th h t• Signalling Question 1:  Was there a short 
interval between the index test and reference 
standard?

• Signalling Question 2: Did all patients receive a 
reference standard?

• Signalling Question 3: Were all patients 
included in the analysis?

Whiting P, QUADAS2, DRAFT
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Applicability 

• Patient selection: Do the included patients 
and setting match the review question?and setting match the review question? 

• Index test: Does the test technology, 
execution and interpretation match the 
question?

• Reference Standard: Does the target 
condition as defined by the reference 
standard match the question?

Whiting P, QUADAS2, DRAFT

Methodological quality summary: review authors' judgments 
about each methodological quality item for each included study, 

created in RevMan http://ims.cochrane.org/revman
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53

Quality of TB accuracy studies using QUADAS

Quality item 45 studies 
n (%)

Adequate spectrum composition 26 (58)
Adequate reference standard 44 (98)Adequate reference standard 44 (98)
Absence of disease progression bias 42 (93)
Absence of partial verification bias 44 (98)
Absence of differential verification bias 42 (93)
Absence of incorporation bias 45 (100)
Absence of index test review bias 6 (13)

Fontela et al. PLoS One 2009 54

Absence of reference test review bias 7 (16)
Absence of clinical review bias 14 (31)
Report of uninterpretable results 9 (20)
Description of withdrawals 3 (7)



27/12/2010

28

Initiative to improve reporting of diagnostic 
accuracy studies 

http://www.stard-statement.org/

Thank  you!

Questions?Questions


