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In 1979 he wrote, "It is surely a great criticism 
of our profession that we have not organised a 
critical summary, by specialty or subspecialty, 
adapted periodically, of all relevant 
randomised controlled trials." 







Sickness in Salonica: my first, worst, and most successful clinical trial-1941. 

“. . . I recruited 20 young prisoners . . . I gave them a short talk about my medical 
hero  James Lind and they agreed to co-operate in an experiment. I cleared two 
wards. I numbered the 20 prisoners off: odd numbers to one ward and evens to 
the other. 
 
Each man in one ward received two spoonfuls of yeast daily. The others got one 
tablet of vitamin C from my "iron" reserve. The orderlies co-operated 
magnificently . . . They controlled fluid intake and measured frequency of 
urination.  
 
. . . There was no difference between the wards for the first two days, but the 
third day  was hopeful, and on the fourth the difference was conclusive . . . there 
was less  oedema in the "yeast" ward. I made careful notes of the trial and 
immediately asked to  see the Germans.”  

A. L. Cochrane  (Br Med J 1984; 289: 1726-7) 



“It could be argued that the trial was randomised and controlled, 
although this last was somewhat inadequate. In those early days, when 
the randomised controlled trial was little known in medicine, this was 
something of an achievement.” 





What's so special about RCTs? 

• most rigorous way of determining:  

– a cause-effect relation exists between treatment 
and outcome and  

– for assessing the cost effectiveness of a treatment  

• distributing the characteristics of patients that 
may influence the outcome randomly between 
the groups-no systematic differences between 
intervention groups 

 



What's so special about RCTs? 

• patients and trialists should remain unaware 
of which treatment was given until the study 
is completed to avoid influencing the result 

• both arms treated identically except for the 
intervention of interest – estimating the size 
of the difference in predefined outcomes 
between intervention groups 

 



So are RCTs the gold standard for 
evidence? 

…..depends  



Limitations of RCTs 

• Excellent vs Poor RCTs – quality varies 

– Impact on interpretation of result (external 
validity)? 

• Expensive and time consuming 

– £250k - £millions over 2-5 years+ 

• May not always be the right study design to 
answer that question 



A RCT to examine if smoking causes 
lung cancer 

• 30 healthy Volunteers 

• Randomise to 2 groups 

– Gp1 smokes 20 cigarettes per day every day 

– Gp2 no smoking 

UNLUCKY 
STRIKE 



Ethical issues and RCTs 





Multivitamins for NTD? 

• Original Smithells study open to possible bias 

– Women who were already “healthier” chose to 
take the multivitamin – self selecting population 

• Could multivitamins cause harm? 

– High doses of vitamin A and D could be toxic 

• Need to demonstrate what “active ingredient” 
is? 





• The MRC Vitamin Study showed that about 
80% of neural tube defects could be 
prevented by taking 4 mg folic acid 
immediately before pregnancy 

 





 use of best evidence – the 5 A’s 

Ask a 
clinical 

question 

Acquire 
the best 
evidence 

Appraise 
the 

evidence 

Apply the 
evidence 

Step 1 

Step 2 

Step 4 

Step 3 

Step 5 Assess the impact and performance 



How many randomized trials are published each year 

you would have to read 500 RCTS per week in 
2008 to cover the published RCTs in PubMed 

More data ≠ More quality  



Risk of Bias 

The degree to which the result is skewed away 
from the truth 



http://www.indiana.edu/~p1013447/dictionary/int_val.htm 

Validity of the study 

Inside the study: 
internal validity 

Was the study carried out correctly? 

Outside the study: external validity 
Can the findings be applied to different settings  

(e.g. your patient population)? 



Internal validity 

• extent to which observed treatment effects 
can be ascribed to differences in treatment 
and not confounding, thereby allowing the 
inference of causality to be ascribed to a 
treatment.1 

• Systematic error (bias) could threaten the 
internal validity of trials, and all efforts should 
be made to minimise these in the design, 
conduct, and analysis of studies.2  

1. http://www.bmj.com/content/344/bmj.e1004 
2. http://www.ncbi.nlm.nih.gov/pubmed/18728521  

http://www.bmj.com/content/344/bmj.e1004
http://www.bmj.com/content/344/bmj.e1004
http://www.bmj.com/content/344/bmj.e1004
http://www.ncbi.nlm.nih.gov/pubmed/18728521
http://www.ncbi.nlm.nih.gov/pubmed/18728521


Types of bias 

Type of bias Description  

Selection bias  Systematic differences between baseline characteristics of 
the groups that are compared. 

Performance bias Systematic differences between groups in the care that  
is provided, or in exposure to factors other than the  
interventions of interest 

Attrition bias Systematic differences between groups in withdrawals 
from a study 

Detection bias Systematic differences between groups in how outcomes 
are determined 

Reporting bias Systematic differences between reported and unreported 
findings 





http://handbook.cochrane.org/front_page.htm 



Assessing risk of bias for an RCT 

• Recruitment 
– Were the subjects representative of the target 

population? 

• Random Allocation  
– Were the groups comparable at the start? 

• Maintenance 
– Were both groups treated the same bar the 

intervention 

• Measurement 
– Unbiased (Blinded) 
– Objective 

• What was the size of the effect? 

RAMMbo 



Why does this matter? 
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Hypertension Management in T2DM 
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((RESPERATE) OR 
(Device)) AND ((BLOOD 
PRESSURE) OR 
(HYPERTENSION)) AND 
(BREATHING)  



PICO 
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Risk of Bias 

The degree to which the result is skewed away 
from the truth 



Assessing risk of bias for an RCT 

• Recruitment 
– Were the subjects representative of the target 

population? 

• Random Allocation  
– Were the groups comparable at the start? 

• Maintenance 
– Were both groups treated the same bar the 

intervention 

• Measurement 
– Unbiased (Blinded) 
– Objective 

• What was the size of the effect? 

RAMMbo 



General population 

Target 
population 

Sample population 

Recruitment (selection bias) 

Sample population 



Recruitment (selection bias) 

• Were the subjects representative of the target 
population? 

– What were the inclusion & exclusion criteria? 

– Were they appropriate? 

– How/where were they recruited from? 

 

• Methods participants 

+ ? - 



Selection bias 

• systematic differences between baseline 
characteristics of the groups  

 

• Adequate randomisation 

– 1) Sequence generation 

– 2) Allocation concealment 

 



Randomisation (selection bias) 



Allocation concealment 
How was the randomised sequence implemented? 
• patients and investigators enrolling patients cannot 

foresee assignment 
 

BEST – most valid technique 

 Central computer 
randomization 

DOUBTFUL 

 Envelopes, etc 



Allocation (selection bias) 

• Were the groups comparable at the start? 

– “Table 1” 

• Randomised appropriately? 

• Allocation to group concealed beforehand? 

 

• Methods: Randomisation and study design 
and “Table 1” 



Maintenance 

• Were both groups comparable throughout the 
study? 

– Managed equally bar the intervention? 

• What was the intervention? 

• What was the comparator? 

• Methods: study design, blood pressure 
measurement 



Adequate follow up? (Attrition bias) 



Intention to treat 

• Once a participant is randomised, they should be 
analysed to the group they were assigned to 

• Pros 
– Maintains randomisation – prognostic factors balanced 
– Reflects “real life” e.g non compliance 
– Unbiased estimate of true effect 
– Maintains sample size thus maintaining statistical power 

• Cons 
– Noncompliance provides little data on efficacy 
– Treatment effect may be conservative 
– Dropouts/non-compliant/compliant subjects are different 

 
 

 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3159210/ 



Adequate follow up? (Attrition bias) 

• How many people were lost to f/u? 

• Why were they lost to f/u? 

• Did the researchers use an intention to treat 
(ITT) principle? 

• Figure 1 and Statistical analysis 



Measurement – blinding  
(Performance bias) 

http://lc.gcumedia.com/hlt362v/the-visual-learner/the-visual-learner-v2.1.html 

UNBLINDED 



 “lack of blinding in randomized trials has been 
shown to be associated with more exaggerated 
estimated intervention effects, by 9% on 
average, measured as odds ratio” 



Measurement – blinding (Performance 
bias) 

• Were the outcomes measured blindly by 
researchers and participants? 

 

 
 



Statistical significance v  
Clinical significance 

• Statistical significance implies that the difference 
seen in the sample also exists in the population 

• Clinical significance implies that the difference 
between treatments in effectiveness is clinically 
important, and it is possible that clinical practice 
will change if such a difference is seen.  

• Statistical significance is used to inform clinical 
significance.  

Clinical significance versus statistical significance 
BMJ 2014; 348 doi: http://dx.doi.org/10.1136/bmj.g2130 (Published 14 March 2014) 



Measurement - outcomes 

• What were the outcomes? 

– Primary 

– Secondary 

– Were they appropriate? 

• How were the results reported? 

• Were they significant? 

 



Clinically meaningful BP difference 

• Powered to detect a 10mmHg difference in 
SBP 

• Reduction in BP by 5mmHg DBP  

• ↓stroke risk 34% 

• ↓IHD risk 21% 

• But in all populations? 
– Elderly? – possible harm? 

• Risks v benefits 

 

 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/14604498 





Outcomes 





Conclusions of the study 



External validity/applicability 

Would you change your advice based on this study? 



Summary 

• RCTs provide an opportunity to deliver 
answers to the effects if interventions and 
harms 

• May not be the best study design 

• Quality of trial conduct and reporting in 
minimising risk of bias 

• Critical appraisal assess this 

• Application (external validity) based on your 
interpretation of results 



kamal.mahtani@phc.ox.ac.uk 
               

@krmahtani   

mailto:kamal.mahtani@phc.ox.ac.uk


Systematic review: does device guided 
breathing lower blood pressure?  

130 title 
search 
results 

19 selected on 
relevant abstracts 

111 excluded as 
not being 
relevant 

8 included studies 

11 excluded for 
not meeting 

inclusion criteria 

Inclusion Criteria 
 

•RCTs  
•Slow breathing rate device compared to  
placebo 
•adults >18 yrs 
•4 or more weeks of treatment 



Change in BP  

SBP DBP 



Results  

• No change in heart rate (5 papers) 

• No change in Quality of Life (2 papers) 

• No major side effects from use 

–  1 paper reported 1 patient felt dizzy during the 
trial and was excluded 



Sensitivity analysis 

SBP DBP 



April 2012 



April 2012 

 





Statistical significance 

• P values 
– Measure of probability that a result is due to chance 
– The smaller the value (usually P<0.05) less likely due 

to chance 

• Confidence intervals 
– Estimate of the range of values that are likely to 

include the real value 
– 95% chance of including the real value 
– Narrower the range>more reliable 
– If value does not cross 0 for a difference, or 1 for a 

ratio then pretty sure result is real (p<0.05) 


