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	Learning objective: Interpret the meaning of confidence intervals around measures of treatment effects in clinical trials
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	Summary: This RLO defines the term confidence intervals and demonstrates how they can be used to determine the significance and range of possible sizes of a treatment effect.

	Presentation:
Introduction

In a clinical trial, there is always a possibility that the effect seen may have occurred by chance.  Confidence intervals are a useful approach to assessing the role of chance.
Consider the following scenario.  A trial is being carried out to investigate the effectiveness of drug A in preventing heart attacks.  10 patients receive drug A, and 2 of these patients have heart attack within the next 12 months. 10 patients receive placebo and 3 of these patients have a heart attack within the next 12 months.  

Drug A has reduced the risk of a heart attack by one third, in other words, a relative risk reduction of 33%. It’s looking good.  On the basis on this trial, would you be happy to recommend this treatment for your patients? 
The role of chance
If this trial was repeated in another group of 10 similar patients, would you expect to see exactly the same results again? Would it be surprising if, for example, 1 patient in each group had a heart attack?  Would it be surprising if 2 patients in the placebo group and 3 patients in the treatment group had a heart attack?
Try changing the values in the table and look at the effect on the relative risk reduction.

(pause) Note how values for the relative risk reduction changes. The true effect on relative risk reduction is somewhere within this range of values and may be larger or smaller than the effect observed in the original  trial. This range, within which the true value could plausibly lie given the size of the difference actually observed, is called the confidence interval. 
95% Confidence Intervals

Confidence intervals should be reported in a clinical trial, but see the resources at the end if you want to know how  to calculate them yourself. The actual calculated confidence interval for the relative risk reduction in the trial described above is -4.4% - 70%.  
Confidence intervals are created at the 95% level – this means that there is a 5% chance that the true value lies outside this range.
Assessing statistical significance from a confidence interval

Confidence intervals can be calculated for any effect measure, not just relative risk reduction, and can be used to determine if the size of the effect is significant.  If the confidence interval includes the value reflecting “no effect” we cannot rule out the possibility that the intervention has no effect and the result is statistically non-significant. In the table opposite, drag and drop the values of “no effect”  into the appropriate place.(Pause)
Now let us go back to our trial where the relative risk reduction was 33% (display white box).  It looked good, but was it statistically significant, or might it have occurred by chance? Click on “yes” or “no” to indicate your opinion.

What about continuous data?

Some trials don’t measure effect in terms of “did it happen or not”, so called dichotomous data.  Instead they measure the effect on a continuous measure such as blood pressure, or months of survival.  Confidence Intervals can also be calculated for these measures, and used to assess significance of the result.
Consider a trial comparing the effect of drug X and placebo on FEV1​  in patients with chronic obstructive airways disease.  At the end of the trial, the FEV1 of patients who received drug X has, on average, declined 50ml less than in those who received placebo.  The 95% confidence interval is 5mL-100mL (display white box).    Is this result statistically significant? Click on “yes” or “no” to indicate your opinion.

Is this result clinically significant? Click on “yes” or “no” to indicate your opinion.


	Images etc:

Tossing a coin or rolling a die.
Images of 2 rows of hearts – 8 beating &2 not and 7 beating & 3 not. 
Build up a table with this information on. (see table 1)

Give a “yes” and “no” button to click on. Answer revealed when they click yes
Answer revealed when they click No

Images of hearts as above. 
Present table one again, but let the student manipulate the figure in column 3 (drop down list, can select 1, 3 or 5 only for placebo, and 1,2, or 3 for drug A). Make the figures in column 4  change to the appropriate figures as in table 2). When student manipulates figures, numbers of hearts beating changes.

Drag and drop the figures  to the  appropriate place in table (see table 3).


Give a “yes” and “no” button to click on. Answer revealed when they click


Illustration of dichotomous vs continuous data (e.g. no of patients with FEV1 decline > 50mL  after 1 year vs decline in FEV1 at 1 year. 
Image of patient using inhaler labelled placebo and other using inhaler labelled drug X. Graph of results (see figure 1)

Give a “yes” and “no” button to click on. Answer revealed when they click


Give a “yes” and “no” button to click on. Answer revealed when they click





	The width of the confidence interval

In our heart attack example, the true effect of the intervention lies within a wide range and the trial is not very informative.  In the table on the right, look at what happens when our trial is repeated in a larger number of patients. The relative risk reduction has stayed the same, but try manipulating the figures as before and see what happens. 

(Pause) Display white box.

You can see that not only has the trial now reached statistical significance, but the confidence intervals become narrower with a bigger trial.  The narrower the confidence interval, the more sure you can be of the true size of the effect of the intervention.

	Show table 4 and let students manipulate figures in column 4 as before as shown in column 3 of table 5. Figures in column 5 of table 4 change as shown in column 4 of table 5!

	Assessment:

Please answer the questions below to test your understanding of confidence intervals.
1. Confidence intervals can be used to assess both clinical and statistical significance. TRUE/FALSE (True – statistical significance is shown if the CI does not include the value of no effect. Clinical significance is shown if the smallest likely effect is still considered to be clinically worthwhile)
2. In a trial comparing a new treatment for breast cancer with established treatment, the relative risk of recurrence within 5 years was 0.88 (95% CI 0.73 – 1.09). Has the new treatment shown a statistically significant benefit? YES/NO (answer NO as the range includes one - the value of no effect for relative risk, but no evidence of effect is not the same as evidence of no effect)
3. In a trial comparing the effect of an osteoporosis treatment with placebo on prevention of hip fracture, the number needed to treat (NNT) was 38 (95% CI 23 – 560). Has the treatment shown a statistically significant benefit? YES/NO(YES as does not include the value of no effect)
4. In the osteoporosis trial above, has the treatment shown a clinically significant effect? YES/NO (NO – the confidence interval is very wide, meaning that as many as 1 in 23 patients, or as few as 1 in 560 patients may benefit.  The trial was too small to be fully informative and should be repeated in a larger number of patients).

	

	Links (1): Straus S et al (2005) Evidence-Based Medicine:How to practice and teach EBM 3rd Ed Elsevier Appendix 1 Confidence Intervals
	Links (2): Montori et al (2004) Tips for leaners of EBM: Measures of precision (confidence intervals)
Canadian Medical Association Journal 171(6):611-615. Available at www.cmaj.ca
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No, the trial is too small and the results cannot be trusted





RRR = 33% (95% CI -4.4% - 70%)








This would be reported in a paper as RRR = 33% (95% CI -4.4% - 70%)








(no or correct)The relative risk reduction  is not statistically significant as the confidence interval encompasses zero - the value of no effect.





Reduction in FEV1 decline  = 50mL  (95% CI 5mL-100mL)








  10pts RRR = 33% (95% CI-4.4% - 70%)


 100pts RRR = 33% (95% CI 17%-50%)


1000pts RRR = 33% (95% CI 23%-43%








(correct or no)The result is statistically significant as the confidence interval does not include  zero - the value of no effect.





Correct,  you probably feel the trial is too small and the results cannot be trusted





Whether the result is clinically significant depends on whether you consider the smallest possible effect to still be clinically worthwhile.
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