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Diagnostic trials lack methodologic
rigor

Peeling et al. Nature Rev Micro 2006 [data from Reid et al.JAMA 1995]

Diagnostic studies in 4 general medical journals



Lack of rigor: 
example from 
TB literature

Pai M, et al. Exp Rev Mol Diagn 2006.

•65% used prospective 
design
•33% used consecutive or 
random sampling
•72% used a cross-
sectional design, a third 
used case–control 
•Blinding was reported in 
34% of the trials. 

12 meta-analysis with 
over 500 diagnostic 
studies



Steingart et al. CVI 2009







Whiting et al. Annals 2004



Sources of bias in diagnostic 
studies

Bias due to an inappropriate reference 
standard
Spectrum bias
Verification (work-up) bias
 Partial verification bias
 Differential verification bias

Review bias (lack of blinding)
Incorporation bias
Bias due to exclusions, indeterminates, etc



Bias due to inappropriate or 
imperfect reference standard

There is no such thing as a 
“gold” standard
Imperfect reference 
standards are commonly 
used in diagnostic studies
 Can lead to underestimation 

of test accuracy (under 
certain conditions)



Misclassification of disease 
status
How accurately can the following be measured?
 Depression
 Tuberculosis in children
 Latent TB infection
 Appendicitis
 Dementia
 Migraine
 Attention deficit disorder
 Cause of death
 Irritable bowel syndrome
 Chronic fatigue syndrome
 Angina



Very rarely, you get tests that are nearly 
perfect (i.e. 100% sensitive and 100% 
specific)



But even accurate tests run into 
problems!





Four approaches
Impute or adjust for missing data on reference standard; needs 
careful attention to the pattern and fraction of missing values.
Correct imperfect reference standard; can be useful if there is 
reliable information about the degree of imperfection of the 
reference standard and about the correlation of the errors 
between the index test and the reference standard. 
Construct reference standard; combine multiple test results to 
construct a reference standard outcome including deterministic 
predefined rules, consensus procedures and statistical modelling
(latent class analysis). 
Diagnostic test accuracy paradigm is abandoned and research 
examines, using a number of different methods, whether the 
results of an index test are meaningful in practice, for example
by relating index test results to relevant other clinical 
characteristics and future clinical events.



Using latent TB as an example, there are 
several approaches to the gold standard 
problem

a) use the tuberculin skin test as the gold standard, 
but TST itself is an imperfect test; 
b) use both TST and IGRA and then use latent class 
analysis or mixture models
c) use active TB as a surrogate for LTBI, but active 
disease can lead to depressed immunity; 
d) use a gradient of exposure among contacts of 
active cases, and examine if IGRA correlates more 
closely with exposure than the TST; 
e) use future progression from latency to active 
disease as the gold standard



Active TB as gold standard

Pai et al. Annals Int Med 2008



Latent class analysis

Pai et al. IJTLD 2008



Exposure gradient

Ewer et al. Lancet 2003



Predictive value of IGRAs: longitudinal 
studies

High Incidence

Low/Intermediate Incidence



Spectrum bias (a form of selection 
bias)

Population used for evaluating the test:
 Extreme contrast

 Case-control design

 Normal contrast (Indicated population)
 Consecutively recruited patients in whom the disease is 

suspected

Extreme contrast (spectrum bias) can result 
in overestimation of test accuracy







Spectrum bias example

Story of carcinoembryonic antigen (CEA) for 
colorectal cancer:
 Initial case-control showed high sens and spec; in 

advanced cancer vs normal people
 In subsequent studies with less advanced cancer 

and patients with other disorders, the accuracy 
was significantly less

 Clinicians were forced to abandon CEA

Users’ Guides to the Medical Literature: A Manual for Evidence-Based Clinical Practice, 2nd Edition



Spectrum bias example
Lachs et al. (1992) studied the leukocyte esterase and nitrite on a urine 
dipstick as predictors of a urinary tract infection (UTI), defined as a 
urine culture with greater than 105 bacteria/mL. 
They divided the 366 adults subjects in the study into those with high 
(>50%) and low (≤50%) prior probability of UTI, based on the signs 
and symptoms recorded by clinicians before obtaining the urine dipstick 
result, which was classified as positive if either the leukocyte esterase 
or nitrite was positive. 
They found marked differences in both sensitivity and specificity in 2 
groups defined by prior probability:

Newman T et al. 2009



NAAT for TBM

Pai et al. Lancet Infect Dis 2003

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





What is the right population for a 
diagnostic accuracy study?

Those in whom we are uncertain of the 
diagnosis
Those in whom we will use the test in clinical 
practice to resolve our uncertainty
Patients with the disease who suffer from a 
wide spectrum of severity and patients 
without the disease who have other 
conditions that are commonly confused with 
the target disease

Users’ Guides to the Medical Literature: A Manual for Evidence-Based Clinical Practice, 2nd Edition



Verification bias (selection bias)
Verification bias in general:
 When the decision to perform the reference standard 

depends on the result of the index test
 When the type of reference standard used depends on the 

result of the index test
Partial verification:
 Reference standard performed on test-positives, but not 

test-negatives
Differential verification:
 Reference standard used for test-positives is different from 

that used for test-negatives



Verification bias: example
PIOPED study on ventilation perfusion scan for 
pulmonary embolism:
 Pulm angiography was the gold standard
 Angio was more commonly done in patients with abnormal 

VQ scan results
 Clinicians were reluctant to order angio in patients with low 

risk of pulmonary embolism
 Researchers got around this problem by doing a 1 year 

follow up on patients who did not undergo angio - to make 
sure they were really negative

Users’ Guides to the Medical Literature: A Manual for Evidence-Based Clinical Practice, 2nd Edition



Verification bias

Moons KGM. In: Grobbee & Hoes. Clinical Epidemiology. 2009



How does verification bias work?
Consider a study evaluating the usefulness of ankle swelling to predict 
a fracture on x-ray in patients with ankle injuries. X-rays are less likely 
to be ordered in patients with no swelling, and the study includes only 
those with x-rays. 
This design decreases the numbers of subjects with negative tests (no 
swelling), both with and without disease (fracture), as represented in 
cells C and D (table below):

Newman T et al. 2009



Review bias
Diagnostic studies may be:
 Unblinded
 Single blind (test or reference standard result is blinded)
 Double blind (both test and ref. std results are blinded)

Lack of blinding can lead to overestimation of test 
accuracy
Examples: physical examination for ascitis and 
ultrasound, echo and cardiac murmur



Review bias

Blinding is really important with “soft”
outcomes (e.g. touch, physical signs, etc)
Blinding is less relevant for a “hard” outcome 
(e.g. CD4 count, thyroxine levels)
Lab tests can be easily blinded by coding 
specimens



Incorporation bias
If the test that is being evaluated is included 
in the reference standard
Can lead to overestimation of test accuracy
Can happen if final diagnosis is made on the 
basis of all clinical data (which might include 
the index test)
Examples: PCR for tuberculosis, Mantoux for 
TB among kids, screening for depression



Incorporation bias: example
A study was done on screening instruments 
for depression in terminally ill people
The authors reported 100% sens and 100% 
spec for a single question: ‘are you 
depressed?” to detect depression
Their diagnostic test included 9 questions, of 
which 1 was “Are you depressed”?

Users’ Guides to the Medical Literature: A Manual for Evidence-Based Clinical Practice, 2nd Edition



Bias due to exclusions, 
indeterminates, missing data

In real life studies, several problems can occur:
 Drop-out of patients who don’t complete all the tests
 Invalid results
 Indeterminate results
 Insufficient specimen volume

Should these results be excluded for computation of 
accuracy measures?



Bias due to exclusions, 
indeterminates, missing data

Example:
 Manuscript entitled “High sensitivity of IGRA in HIV+ TB 

patients”
 ~90% sensitivity of IGRA

 But nearly 30% of all patients had indeterminate IGRA results!
 These results were excluded for computation of sensitivity

 How should the authors have addressed this problem? Is 
their title justified??



In reality, the 2 x 2 table, should 
be a 3 x 3 table:

Index test

fedNeg

ihgInvalid/missing

cbaPos

Invalid/MissingNegPos

Reference standard

If the invalid/missing rows and columns are excluded
then we get the standard 2 x 2 table



Do design 
flaws 
affect 
study 
results?





Do design 
flaws 
affect 
study 
results?

Rutjes et al. CMAJ 2006



Rutjes et al. CMAJ 2006



http://jamaevidence.com/index



Newman T et al. 2009



Critical appraisal of diagnostic 
studies



How to critically appraise diagnostic 
studies?

Users’ Guides to the Medical Literature
QUADAS
Several others



http://jamaevidence.com/index



Users’ Guides for a diagnostic study



QUADAS tool for quality assessment of 
diagnostic studies

Whiting P et al. BMC Med Res Meth 2003



QUADAS tool for quality assessment of 
diagnostic studies

Whiting P et al. BMC Med Res Meth 2003



Quality of diagnostic accuracy studies: evaluation using 
QUADAS and STARD standards
Fontela PS, Pai NP, Schiller I, Dendukuri N, Ramsay A, Pai M


