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Using	  a	  brain	  scan,	  
the	  researchers	  
detected	  autism	  
with	  over	  90%	  
accuracy…	  

You	  can’t	  diagnose	  
autism	  with	  a	  brain	  

scan...	  



Ensuring results are valid 

• Appropriate spectrum of  patients? 

• Does everyone get the gold standard? 

• Is there an independent, blind or 
objective comparison with the gold 
standard? 

Assessing	  the	  Evidence	  



Ensuring results are valid 

Interpreting the results 

• Appropriate spectrum of  patients? 

• Does everyone get the gold standard? 

• Is there an independent, blind or 
objective comparison with the gold 
standard? 

Assessing	  the	  Evidence	  



	  
¡  Key	  statistics:	  

§  Sensitivity	  and	  specificity	  
§  ROC	  curves	  
§  Likelihood	  ratios	  
§  Predictive	  values	  
	  

What	  do	  all	  
the	  numbers	  

mean??	  	  



Example	  



Series	  of	  patients	  

Index	  test	  

Reference	  (“gold”)	  standard	  

Compare	  the	  results	  of	  the	  index	  
test	  with	  the	  reference	  standard,	  

blinded	  

Study	  Design	  



The	  Results	  



False 
Positives 

Disease  

Test  

+ -
+

-

True 
Positives 

False 
Negatives 

True 
Negatives 

The	  2	  x	  2	  Table	  





Disease  

Test  

+ -
+

-

Sensitivity = a / a + c 

Proportion of  people 
WITH the disease who 
have a positive test result 

 

a 

True 
positives 

c 

False 
negatives 

84	  

16	  

Sensitivity = 84/100 

So, a test with 84% 
sensitivity….means that 
the test identifies 84 out of  
100 people WITH the 
disease 

Sensitivity	  



Disease  

Test  

+ -
+

-

b 

 False 
positives 

d 

True 
negatives 

Specificity = d / b + d 

Proportion of  people 
WITHOUT the disease 
who have a negative test 
result 

75	  

25	  

Specificity = 75/100 

So, a test with 75% 
specificity will be 
NEGATIVE in 75 out of  
100 people WITHOUT the 
disease 

Specificity	  



Disease: Appendicitis 

Test: Pain over 
speed bump 

+ -
+

-

33 21 

1 9 

54 

10 

64 30 34 

Sensitivity = 33/34 = 0.97 (97%)  Specificity = 9/30 = 0.30 (30%) 

There	  were	  30	  people	  
who	  did	  not	  have	  
appendici3s…	  the	  speed	  
bump	  test	  was	  nega3ve	  
in	  9	  of	  them	  

There	  were	  34	  people	  
who	  had	  appendicitis…
the	  speed	  bump	  test	  was	  
positive	  in	  33	  of	  them	  

Speed	  Bump	  Example	  



•  Sensitivity makes sense 
–  ‘The new speed bump test was positive in 33 out of  34 people with 

appendicitis (sensitivity = 97%)’ 

•  Specificity seems a bit confusing! 
–  ‘The new speed bump test was negative in 9 of  the 30 people who did not 

have appendicitis (specificity = 30%)’ 
 

•  So…the false positive rate is sometimes easier 

–  ‘There were 30 people who did not have appendicitis… the speed bump test 
was falsely positive in 21 of  them’ 

–  So a specificity of  30% means that the new rapid test is wrong (or falsely 
positive) in 70% of  people without the disease 

 

False positive rate = 1 - specificity 

Tip	  



High Sensitivity 

High Specificity 

A good test to help Rule Out disease 

A good test to help Rule In disease 

High sensitivity means there are very few false negatives – so 
if  the test comes back negative it’s highly unlikely the person has 
the disease 

High specificity means there are very few false positives – so if  the 
test comes back positive it’s highly likely the person has the disease 

Disease  

Test  

+ - 
+ 

- 

a 

True 
positives 

c 

False 
negatives 

b 

 False 
positives 

d 

True 
negatives 

Specificity = d/b+d Sensitivity = a/a+c 

Disease: Appendicitis 

Test: Pain over 
speed bump 

+ -
+

-

33 21 

1 9 

Sensitivity = 97%  Specificity = 30% 

SnNOUT	  

SpPIN	  

Ruling	  In	  and	  Ruling	  Out	  



Negative Result Positive Result 

Test Scale 

TP	  

FP	  

TN	  

FN	  



Test Scale 

TP	  

FP	  

TN	  

FN	  

Negative Result Positive Result 

Move	  threshold	  to	  the	  right	  

•  Reduces	  number	  of	  
false-‐positives	  

	  
•  Therefore	  higher	  

specificity	  
	  
•  At	  the	  cost	  of	  

reduced	  sensitivity	  



Negative Result Positive Result 

Test Scale 

TP	  

FP	  

TN	  

FN	  



Test Scale 

TP	  

FP	  

TN	  

FN	  

Negative Result Positive Result 

Move	  threshold	  to	  the	  left	  

•  Reduces	  number	  of	  
false-‐negatives	  

	  
•  Therefore	  higher	  

sensitivity	  
	  
•  At	  the	  cost	  of	  

reduced	  specificity	  



	  

Systematic	  reviews	  of	  evaluations	  of	  diagnostic	  and	  screening	  tests.	  J	  Deeks.	  BMJ	  2001;	  323.	  

Area	  under	  the	  curve	  
(AUC):	  	  
	  
Threshold-‐independent	  
method	  for	  comparing	  
test	  accuracy	  head-‐to-‐
head	  





Disease  

Test  

+ -
+

-

a 

True 
positives 

c 

False 
negatives 

b 

 False 
positives 

d 

True 
negatives 

PPV = Proportion of  
people with a positive test 
who have the disease 

 

NPV = Proportion of  
people with a negative test 
who do not have the disease 

 

PPV = a / a + b 

NPV = d / c + d 

Positive	  and	  Negative	  Predictive	  Values	  



+ -
+

-

33 21 

1 9 

54 

10 

64 30 34 

PPV = 33/54 = 61% 

NPV = 9/10 = 90% 

Disease: Appendicitis 

Test: Pain over 
speed bump 

Speed	  Bump	  Example	  



Your father went to his doctor and was 
told that his test for a disease was 
positive. He is really worried, and comes 
to ask you for help! 

After doing some reading, you find that for men of  his age: 
The prevalence of  the disease is 30% 
The test has sensitivity of  50% and specificity of  90% 
 
“Son, tell me what’s the chance I have this disease?” 

	  

Natural	  Frequencies	  



•  100%	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Likely	  	  

•  50%	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Maybe	  

•  0%	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Unlikely	  	  

Disease has a 
prevalence of 30% 

The test has sensitivity 
of 50% and specificity 

of 90% 

 

Predictive	  Value	  



30 

70 

 15 

 7 
100 

22 people test 
positive……… 

of whom 15 
have the 
disease  

 

 

So, chance of 
disease is 

15/22 = 68% 

Disease +ve 

Disease -ve 

Testing +ve 

Sensitivity	  
=	  50%	  

False	  
posi8ve	  rate	  

=	  10%	  

Prevalence	  of	  30%,	  sensitivity	  of	  50%,	  
specificity	  of	  90%	  



4 

96 

2 

9.6 
100 

11.6 people 
test 
positive……… 

of whom 2 
have the 
disease  

 

 

So, chance of 
disease is 

2/11.6 = 17% 

Disease +ve 

Disease -ve 

Testing +ve 

Sensitivity	  
=	  50%	  

False	  
posi8ve	  rate	  

=	  10%	  

Try it again…. Prevalence	  of	  4%,	  sensitivity	  of	  50%,	  
specificity	  of	  90%	  



• PPV and NPV are not intrinsic to the test – they also depend on 
the prevalence! 

• NPV and PPV should only be used if  the ratio of  the number 
of  patients in the disease group and the number of  patients 
in the healthy control group is equivalent to the prevalence 
of  the disease in the studied population 

• Use Likelihood Ratio - does not depend on prevalence 

NOTE 

Positive	  and	  Negative	  Predictive	  Value	  





LR	  =	   𝑇𝑒𝑠𝑡  𝑟𝑒𝑠𝑢𝑙𝑡  𝑖𝑛  𝑡ℎ𝑜𝑠𝑒  𝑤𝑖𝑡ℎ  𝑑𝑖𝑠𝑒𝑎𝑠𝑒/𝑇𝑒𝑠𝑡  
𝑟𝑒𝑠𝑢𝑙𝑡  𝑖𝑛  𝑡ℎ𝑜𝑠𝑒  𝑤𝑖𝑡ℎ𝑜𝑢𝑡  𝑑𝑖𝑠𝑒𝑎𝑠𝑒 	  

	  
Three	  possible	  results:	  
	  
¡  LR	  greater	  than	  1	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	   	  	  
	  
¡  LR	  equal	  to	  1 	   	   	  	  

¡  LR	  less	  than	  1	   	   	   	  	  

With	  disease	  

=	  	  	  No	  change	  

Without	  disease	  



LR	  is	  greater	  than	  one…	  
	  
…which	  means	  it	  is	  more	  likely	  to	  occur	  in	  those	  
with	  disease	  
	  
How	  much	  larger	  than	  1?	  5	  times	  larger	  
	  
So,	  a	  LR	  of	  5	  means	  that	  the	  test	  result	  occurs	  
five	  times	  more	  often	  in	  those	  with	  disease	  than	  
in	  those	  without	  
	  
	  



Positive likelihood ratio (LR+) 

How much more likely is a positive test result to be found in a 
person with the disease than in a person without it? 

LR+ = sens/(1-spec)  

LR- = (1-sens)/(spec) 

Negative likelihood ratio (LR-) 

How much more likely is a negative test result to be found in a 
person without the disease than in a person with it? 

Likelihood	  Ratios	  



Likelihood	  ratios	  directly	  ‘adjust’	  
probability	  of	  disease	  



LR>10 = strong 
positive test 
result 

LR<0.1 = strong 
negative test 
result 

LR=1 

No diagnostic 
value 

Rule	  of	  thumb	  



McBurney’s  point 
Tenderness right side of  abdomen  

Ashdown’s sign 
Pain when driving over speed bumps 

Diagnosis	  of	  Appendicitis	  



Post	  test	  ~20%	  

Appendici8s:	  

McBurney	  tenderness	  LR+	  =	  3.4	  

Pre	  test	  5%	  

Fagan	  nomogram	  
Bayesian reasoning 

%

%

Post-‐test	  odds	  =	  	  
Pre-‐test	  odds	  	  x	  	  Likelihood	  

	  ratio	  

Post-‐test	  odds	  for	  
disease	  after	  one	  
test	  become	  pre-‐
test	  odds	  for	  next	  

test	  etc.	  

Speed	  bump	  test	  LR-‐	  =	  0.1	  

Post	  test	  ~0.5%	  



Knottnerus	  (2002)	  The	  Evidence	  Base	  of	  Clinical	  Diagnosis	  

Multilevel	  Likelihood	  Ratios	  

Multilevel likelihood ratios for serum creatinine concentration for the 
diagnosis of  renal artery stenosis 





The	  researchers	  detected	  autism	  with	  over	  90%	  
accuracy,	  the	  Journal	  of	  Neuroscience	  reports.	  	  





Autism has a prevalence of 1%. 

The test has sensitivity of 90% and specificity of 80%. 

Given a positive test, what is the probability the child 
has autism? 

Natural	  Frequencies	  



1 

99 

 0.9 

19.8 
100 

20.7 people 
test 
positive……… 

of whom 0.9 
have the 
disease  

 

So, chance of 
disease is 
0.9/20.7 = 

4.5% 

Disease +ve 

Disease -ve 

Testing +ve 

Sensitivity	  
=	  90%	  

False	  
posi8ve	  rate	  

=	  20%	  

Prevalence	  of	  1%,	  sensitivity	  of	  90%,	  
specificity	  of	  80%	  







Are the results valid? 

What are the results? 

Will they help me look 
after my patients? 

• Appropriate spectrum of  patients? 

• Does everyone get the gold standard? 

• Is there an independent, blind or 
objective comparison with the gold 
standard? 

• Sensitivity, specificity 

• Likelihood ratios 

• Positive and Negative Predictive Values  

• Can I do the test in my setting? 
• Do results apply to the mix of  patients I see? 
• Will the result change my management? 
• Costs to patient/health service? 

Beyond Accuracy 



The	  Diagnos8c	  Process.	  
John	  Balla.	  	  
Cambridge	  Univ.	  Press	  

Diagnos8c	  Tests	  Toolkit.	  
Thompson	  &	  Van	  den	  Bruel.	  
Wiley-‐Blackwell.	  

Evidence	  base	  of	  Clinical	  
Diagnosis.	  	  
KnoCnerus	  &	  Bun8nx.	  	  
Wiley-‐Blackwell	  

Evidence	  based	  
Physical	  Diagnosis.	  
Steven	  McGee.	  
Saunders	  

Evidence-‐based	  
Diagnosis.	  
Newman	  &	  Kohn.	  
Cambridge	  Univ.	  Press	  

Useful	  books	  on	  diagnostics	  



•  Bossuyt. Additional patient outcomes and pathways in evaluations of  testing. 
Med Decis Making 2009 

•  Heneghan et al. Diagnostic strategies used in primary care. BMJ 2009 
•  Ferrante di Ruffano. Assessing the value of  diagnostic tests: a framework for 

designing and evaluating trials. BMJ 2012 
•  Mallett et al. Interpreting diagnostic accuracy studies for patient care. BMJ 2012 
•  Bossuyt et al. STARD initiative. Ann Int Med 2003 
•  Lord et al. Using priniciples of  RCT design to guide test evaluation. Med Decis 

Making 2009 
•  Rutjes et al. Evidence of  bias and variation in diagnostic accuracy studies. 

CMAJ 2006 
•  Lijmer et al. Proposals for phased evaluation of  medical tests. Med Decis 

Making 2009 
•  Whiting et al. QUADAS-2: revised tool for quality assessment of  diagnostic 

accuracy studies. Ann Int Med 2011 

Useful	  Journal	  Articles	  on	  Diagnostics	  



Disease: 

Test: 

+ -
+

-

45 40 

5 60 

A	  bit	  of	  practice…	  



? 

? 

? 

? 
100 

? people test 
positive……… 

of whom ? have 
the disease  

 

 

So, chance of 
disease is ?/? 

= ?% 

Disease +ve 

Disease -ve 

Testing +ve 

Sensitivity	  
=	  ?%	  

False	  
posi8ve	  rate	  

=	  ?%	  

What	  if	  we	  adjust	  the	  prevalence	  to	  
10%?	  


