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Critical appraisal 

This process provides clinicians with 
the means to interpret and determine 
the applicability of results to their 
particular patients

Clinicians should consider multiple 
explanations for any effect reported in a 
study which is obtained from:

 Quantitative studies

 Qualitative studies



Critical Appraisal

The assessment of evidence by 
systematically reviewing its relevance, 
validity and results to specific 
situations. 



What is ‘best’ evidence?

Using critical appraisal skills you can 
understand the methods and results of 
the research and then be able to assess 
the quality of the research.



Information Mastery 

Slawson and Shaughnessy Formula:

Usefulness of Medical Information =  

Relevance x Validity    
____________________

Work to Access 



Basic elements of clinical decision making

Haynes RB. Loose connections between peer-reviewed clinical journals and 
clinical practice. Ann Intern Med 1990;113:724-8. 



Why Critical Appraise? 

Published research is not always 
reliable 

Published research is not always 
relevant

To improve clinical effectiveness, we 
need a systematic framework to 
interpret research



CATs:

Critically
Appraised
Topics:

‘a tool for
modeling the
steps of EBP’

www.epiq.co.nz



GATE: Graphic Appraisal Tool for Epidemiology

The GATE Approach: every epidemiological study
hangs on the GATE frame

there is only one study design:

• RCT - interventions

• Cohort studies - prognosis / interv./
aetiology

• Cross-sectional studies - diagnosis

• Case-control studies - interv./aetiol.



P

E C

O

GATE: Graphic Appraisal Tool for Epidemiology
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GATE Frame: PECOT

• Population

• Exposure

• Comparison

• Outcome

• Time



Difficulties with Critical 
Appraisal 

Can be time consuming initially

Doesn’t provide an “easy” answer

 It could show a lack of good evidence 
in a particular topic 



Key Steps to Effective Critical Appraisal 

1. Are the results valid?

2. What are the results?

3. How will these results be relevant 
to the patient?



Validity

A test is valid when it measures what 
it’s supposed to. 

If a test is reliable, it yields consistent 
results. 

A test can be both reliable and valid, 
one or the other, or neither. 



Reliability

a prerequisite for measurement 
validity



Reliable, but Not Valid!



Not Reliable, Not Valid!



Reliable and Valid 



Questions in critical appraisal

Validity:
Bias (reference pop., non-

homogenous sample, sample 
selection, measurements, 
contamination, study attrition or 
drop-out rate)
Confounding variables



Reliability

Size of the effect
Precision of the effect
Magnitude of the effect (i.e. prevalence, 

incidence)
Effect measures (e.g. risk, odds) and its 

precision
Strength of the association (e.g. RRR, NNT)
Measures of clinical significance
Power (accuracy and representativeness of the 

results, i.e. type I and II errors or α and β 
error)
Sensitivity and specificity

Data analysis



Applicability

Will the results help locally? 



Type of articles

Diagnosis

Etiology/harm

Prognosis

Therapy



يغانعات تطخیصی

  پسضكاٌ بّ َذٕي فرآيُذ دستٕر اَجاو آزيايطٓاي تطخیصي ٔ غربانگري را
صادر يي كُُذ ٔ استفادِ كُُذگاٌ از خذيات بٓذاضتي ْى ًْٕارِ اَتظار اَجاو  

" دقیق َیستُذ ٔ َتیجّ % 100ايا آزيايص ْا ْرگس . ايٍ آزيايطٓا را دارَذ
. يتضًٍ دانت ابتلاي خٕد ْستُذ" يُفي كارب" ٔ " يثبت كارب

  ْذف ايٍ بخص ايجاد تٕاَايي در ارزيابي يك يغانعّ يربٕط بّ تعییٍ عًهكرد
آزيايص تطخیصي يا غربانگري َسبت بّ يك يعیار اساسي

(استاَذارد علاييGold Standard  )

   ٌيطخص َطاٌ بذُْذ ٔ در يفیذ بٕدٌ عهًي آٌ تصًیى بگیرَذ ضركت كُُذگا
بايذ ادساش اعًیُاٌ كُُذ كّ يي تٕاَُذ بّ ديگراٌ ْى كًك كُُذ تا ايٍ تٕاَايي 

.  را َطاٌ بذُْذ

  يغانعاتي كّ صذت آزيَٕٓاي تطخیصي را بررسي يي كُُذ يًكٍ است از
.َٕع يقغعي يا يٕرد ضاْذي باضُذ



 در داني كّ يغانعاتي كّ صذت آزيَٕٓاي پیص بیُي كُُذِ ٔضعیت بیًاري را
–انبتّ يغانعات يٕرد . ارزيابي يي كُُذ، يعًٕلاً از َٕع ْى گرْٔي ْستُذ

ضاْذي در ارزيابي صذت آزيٌٕ ْاي تطخیصي يذذٔد بّ بیًاريٓاي َادر 
يي ضٕد كّ ْیچ عرح يغانعّ ديگري براي آَٓا ًَي تٕاٌ اَجاو داد يا اَجاو آٌ  

.بسیار دضٕار است



در تعییٍ صذت آزيايص يا رٔش تطخیصي دٔ 

َكتّ را بايذ در َظر گرفت 

 يیساٌ كارآيي رٔش تطخیصي در ٔضعیت يٕرد َظر چقذر

چُذ درصذ از بیًاراَي كّ داراي َتیجّ آزيايص يثبت ) است؟ 

يیساٌ = دساسیت ( )ٔاقعاً يبتلا بّ بیًاري ْستُذ؟ ْستُذ ،

(يثبت ٔاقعي 

 يیساٌ ضُاسايي صذیخ آٌ دستّ از افرادي است كّ بّ بیًاري 

يیساٌ يُفي = ٔيژگي )يٕرد َظر يبتلا َیستُذ چقذر است؟ 

(ٔاقعي 



 تعییٍ اعتبار يك  در دٔ يیساٌ ديگر  ، دساسیت ٔ ٔيژگيعلأِ بر
آزيٌٕ تطخیصي اًْیت دارَذ دساسیت ٔيژگي را يي تٕاٌ بغٕر  

با  . ًَٕديستقم با يغانعّ جذاگاَّ گرْٔٓاي افراد بیًار ٔ سانى تعییٍ 
دقیقي  شيوع بٕدٌ يك آزيٌٕ تطخیصي بّ يیساٌ يفیذ ٔجٕد ايٍ 

 . بیًاري يٕرد َظر در جًعیت يٕرد يغانعّ َیس بستگي دارد

 يقذار پیص . يًٓتري است پارايتر يك آزيٌٕ پیص بیُي ( يقذار)ارزش
بیُي يك آزيٌٕ َسبت يٕارد ٔاقعي در يیاٌ كم افرادي است كّ َتیجّ  

.آزيٌٕ در آَٓا يثبت است 

 ّيیساٌ ضیٕع دقیقي بیًاري با يقذار پیص بیُي يك آزيٌٕ ب
ازاي ْر يقذار دساسیت ٔ ٔيژگي ارتباط يستقیى دارد ،



 افسايص يي يابذ "  يقذار پیص بیُي  "با افسايص ضیٕع بیًاري.

 براي يثال ، يك آزيٌٕ در يك يذیظ بیًارستاَي كّ اَتظار يي

رٔد ضیٕع ْر ٔضعیت زياد باضذ، يقذار پیص بیُي زيادي 

خٕاْذ داضت ،در دانیكّ ٔقتي ًْیٍ آزيٌٕ براي جًعیت 

(  Predictive value)عًٕيي بكار يي رٔد يقذار پیص بیُي 

.كًي داضتّ باضذ كّ عًلًا كارايي َخٕاْذ داضت

" ارزش اخباري ”" = يقذار پیص بیُي“



Person without 
the disease

Person with the 
disease

Person who tests 
positive

Person who tests 
negative

True positive on 
the test

False positive on 
the test

True negative on 
the test

False negative 
on the test

Assume that the 
prevalence of the disease 
is 4%



Assume that of the 4 people with the disease, 3 are picked 

up by the test

Person without 
the disease

Person with the 
disease

Person who tests 
positive

Person who tests 
negative

True positive on 
the test

False positive on 
the test

True negative on 
the test

False negative 
on the test



Assume that of the test is positive for a further 7 people 

who don’t have the disease

Person without 
the disease

Person with the 
disease

Person who tests 
positive

Person who tests 
negative

True positive on 
the test

False positive on 
the test

True negative on 
the test

False negative 
on the test

Person without 
the disease

Person with the 
disease

Person who tests 
positive

Person who tests 
negative

True positive on 
the test

False positive on 
the test

True negative on 
the test

False negative 
on the test



The remainder of the sample are negative on the test

Person without 
the disease

Person with the 
disease

Person who tests 
positive

Person who tests 
negative

True positive on 
the test

False positive on 
the test

True negative on 
the test

False negative 
on the test

Person without 
the disease

Person with the 
disease

Person who tests 
positive

Person who tests 
negative

True positive on 
the test

False positive on 
the test

True negative on 
the test

False negative 
on the test



SENSITIVITY

Person without 
the disease

Person with the 
disease

Person who tests 
positive

Person who tests 
negative

True positive on 
the test

False positive on 
the test

True negative on 
the test

False negative 
on the test

Person without 
the disease

Person with the 
disease

Person who tests 
positive

Person who tests 
negative

True positive on 
the test

False positive on 
the test

True negative on 
the test

False negative 
on the test

• SENSITIVITY is the proportion 
of people with the disease 
correctly identified by the test

• It measures the proportion of 
false NEGATIVES



SENSITIVITY

Person without 
the disease

Person with the 
disease

Person who tests 
positive

Person who tests 
negative

True positive on 
the test

False positive on 
the test

True negative on 
the test

False negative 
on the test

Person without 
the disease

Person with the 
disease

Person who tests 
positive

Person who tests 
negative

True positive on 
the test

False positive on 
the test

True negative on 
the test

False negative 
on the test

In this case, sensitivity is ¾ 
or 75%



SPECIFICITY

Person without 
the disease

Person with the 
disease

Person who tests 
positive

Person who tests 
negative

True positive on 
the test

False positive on 
the test

True negative on 
the test

False negative 
on the test

Person without 
the disease

Person with the 
disease

Person who tests 
positive

Person who tests 
negative

True positive on 
the test

False positive on 
the test

True negative on 
the test

False negative 
on the test

• SPECIFICITY is the proportion of 
people without the disease 
correctly identified by the test

• It measures the proportion of 
false POSITIVES



SPECIFICITY

Person without 
the disease

Person with the 
disease

Person who tests 
positive

Person who tests 
negative

True positive on 
the test

False positive on 
the test

True negative on 
the test

False negative 
on the test

Person without 
the disease

Person with the 
disease

Person who tests 
positive

Person who tests 
negative

True positive on 
the test

False positive on 
the test

True negative on 
the test

False negative 
on the test

In this case, specificity is 
(96-7)/96 or 93% 



If someone is positive on the test, what are the chances 

that he/she has the disease? 

Person without 
the disease

Person with the 
disease

Person who tests 
positive

Person who tests 
negative

True positive on 
the test

False positive on 
the test

True negative on 
the test

False negative 
on the test

Person without 
the disease

Person with the 
disease

Person who tests 
positive

Person who tests 
negative

True positive on 
the test

False positive on 
the test

True negative on 
the test

False negative 
on the test

• Probability = 3/10 = 30%
• This is the POSITIVE 

PREDICTIVE VALUE (the value of 
the test in predicting a positive 
result)



If someone is negative on the test, what are the 

chances that he/she does not have the disease? 

Person without 
the disease

Person with the 
disease

Person who tests 
positive

Person who tests 
negative

True positive on 
the test

False positive on 
the test

True negative on 
the test

False negative 
on the test

Person without 
the disease

Person with the 
disease

Person who tests 
positive

Person who tests 
negative

True positive on 
the test

False positive on 
the test

True negative on 
the test

False negative 
on the test

• Probability = 89/90 = 99%
• This is the NEGATIVE 

PREDICTIVE VALUE (the value of 
the test in predicting a negative 
result)



Diagnosis 

Validity:

- What is the defined question?
- How could be compared with gold 

standard?
- How about Spectrum?
- Application for all patients?



Diagnosis
Reliability:

 Sensitivity

 Specificity

 Positive/Negative predictive value 
(PPV/NPV)

 Positive/Negative likelihood ratio

 Prevalence



Definition

 Sensitivity is the probability of a positive 
test in a diseased person

 Specificity is the probability of a negative 
test in a non-diseased person

 POSITIVE PREDICTIVE VALUE (PPV) is 
the value of the test in predicting a positive 
result

 NEGATIVE PREDICTIVE VALUE (NPV) is 
the value of the test in predicting a negative 
result



Sensitivity: % patients with disease and positive 
test

Specificity: % people without disease and with 
negative test

PPV: % people with positive test who are really 
diseased

NPV: % people with negative test who are really 
healthy 



totaldisorder Target

-+

A+BBA+ Diagnostic

C+DDC-test result

A+B+C+DB+DA+Ctotal

Sensitivity = a/(a+c)                        Specificity = d/(b+d)
Positive Predictive Value = a/(a+b) Negative Predictive Value = d/(c+d)



 Pre-test probability (prevalence) = (a+c)/(a+b+c+d)

 Pre-test odds = prevalence/(1-prevalence) 

 Post-test odds = pre-test odds   ´ LR

 Post-test probability= post-test odds/(post-test odds 
+1)



Likelihood ratio for a positive test 
result : 

LR(+) = sensitivity/(1-specificity) 

Likelihood ratio for a negative test 
result :

LR(-) = (1-sensitivity)/specificity



NATURAL FREQUENCIES TREE

Population

100



IN EVERY 100 PEOPLE, 4 WILL HAVE THE DISEASE

Disease +

4

Disease -

96

Population

100

If these 100 people are representative of the population at 
risk, the assessed rate of those with the disease (4%) 

represents the PREVALENCE of the disease – it can also be 
considered the PRE-TEST PROBABILITY of having the disease



OF  THE 4 PEOPLE WITH THE DISEASE, THE TEST 

WILL DETECT 3

Disease +

4

Disease -

96

Test +

3

Test -

1

Population

100

In other words, the 
sensitivity is 75%



AMONG THE 96 PEOPLE WITHOUT THE DISEASE, 7 

WILL TEST POSITIVE

Disease +

4

Disease -

96

Test +

7

Test -

89

Test +

3

Test -

1

Population

100

In other words, the 
specificity is 93%



POSITIVE
PREDICTIVE

VALUE = 30%

AMONG THOSE WHO TEST POSITIVE, 3 IN 10 WILL 

ACTUALLY HAVE THE DISEASE

Disease +

4

Disease -

96

Test +

7

Test -

89

Test +

3

Test -

1

Population

100

This is also the 
POST-TEST PROB-
ABILITY of having 

the disease



NEGATIVE
PREDICTIVE
VALUE = 99%

AMONG THOSE WHO TEST NEGATIVE, 89 OF 90 WILL 

NOT HAVE THE DISEASE

Disease +

4

Disease -

96

Test +

7

Test -

89

Test +

3

Test -

1

Population

100



CONVERSELY, IF SOMEONE TESTS NEGATIVE, THE 

CHANCE OF HAVING THE DISEASE IS ONLY 1 IN 90

Disease +

4

Disease -

96

Test +

7

Test -

89

Test +

3

Test -

1

Population

100



PREDICTIVE VALUES AND CHANGING PREVALENCE

Disease +

4

Disease -

996

Population

1000

Prevalence reduced by an order 
of magnitude from 4% to 0.4%



PREDICTIVE VALUE AND CHANGING PREVALENCE

Disease +

4

Disease -

996

Test +

70

Test -

926

Test +

3

Test -

1

Population

1000
Sensitivity and 

Specificity 
unchanged



POSITIVE
PREDICTIVE
VALUE = 4%

POSITIVE PREDICTIVE VALUE AT LOW PREVALENCE

Disease +

4

Disease -

996

Test +

70

Test -

926

Test +

3

Test -

1

Population

1000
Previously, PPV 

was 30%



NEGATIVE
PREDICTIVE
VALUE >99%

NEGATIVE PREDICTIVE VALUE AT LOW PREVALENCE

Disease +

4

Disease -

996

Test +

70

Test -

926

Test +

3

Test -

1

Population

1000
Previously, NPV 

was 99%



LIKELIHOOD

Disease +

4

Test +

3

Test -

1

Population

100

The likelihood that 
someone with the 
disease will have a 
positive test is ¾ 
or 75%
This is the same as 
the sensitivity



LIKELIHOOD II

Disease -

96

Test +

7

Test -

89

Population

100

The likelihood that 
someone without 
the disease will 
have a positive test 
is 7/96 or 7%
This is the same as 
the (1-specificity)



LIKELIHOOD RATIO

LIKELIHOOD OF POSITIVE TEST 
IN THE ABSENCE OF THE DISEASE

SENSITIVITY

1- SPECIFICITY
= = 10.7

LIKELIHOOD OF POSITIVE TEST 
GIVEN THE DISEASE

=
LIKELIHOOD 

RATIO

A Likelihood Ratio of 1.0 indicates an uninformative test 
(occurs when sensitivity and specificity are both 50%)

The higher the Likelihood Ratio, the better the test (other 
factors being equal) 

0.75

0.07
=



odds

 Pre-test probability (prevalence) =(a+c)/(a+b+c+d)

Prevalence = 4/100= 4%

 Pre-test odds = prevalence/(1-prevalence)

Pre-test odds= 4/(1-4)= 0.042



 Post-test odds = pre-test odds   * LR

Post-test odds= 0.042 * 10.7=0.446

 Post-test probability= post-test odds/(post-test odds 
+1)

Post-test odds=0.446/1.446=15.47 



Is the test helpful (valid)?
The Youden Index

Youden Index = 
(Sensitivity+Specificity)-1

For a test to be useful, then
sensitivity + specificity > 1 
(Youden Index > 0)

Examples:
sensitivity = 0.5 
specificity = 0.5
Youden index = 0



Example

 Suppose that we are working up a patient 
with anemia. The probability that she has 
IDA is 50% (i.e. odds=50:50).

 We are looking for the usefulness of 
performing a serum Ferritin on our patient as 
a mean for detecting IDA.

 The reference standard of a bone marrow 
stain for Fe is our GOLD STANDARD.



  Bone Marrow  

  Positive Negative  

Test 
result 

Positive a=731 b=270 a+b=1001 

(Ferritin) Negative c=78 d=1500 c+d=1578 

  a+c=809 b+d=1770 A+b+c+d
= 

2579 
 

 



Results

 Sensitivity:  a/(a+c)=731/809=90%

 Specificity:  d/(b+d) =1500/1770 = 85%

 LR(+) = 0.90/(1-0.85)= 6:1



Thankyou


