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      Physicians, patients and policy-makers are influenced not only by the results of studies but also by how authors present the results.1,2,3,4 Depending on which measures of effect authors choose, the impact of an intervention may appear very large or quite small, even though the underlying data are the same. In this article we present 3 measures of effect — relative risk reduction, absolute risk reduction and number needed to treat — in a fashion designed to help clinicians understand and use them. We have organized the article as a series of “tips” or exercises. This means that you, the reader, will have to do some work in the course of reading this article (we are assuming that most readers are practitioners, as opposed to researchers and educators).
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            Figure. 

          



      The tips in this article are adapted from approaches developed by educators with experience in teaching evidence-based medicine skills to clinicians.5,6 A related article, intended for people who teach these concepts to clinicians, is available online at www.cmaj.ca/cgi/content/full/171/4/353/DC1.

    

      Clinician learners' objectives

      
        Understanding risk and risk reduction

        
          
	
              Learn how to determine control and treatment event rates in published studies.

            
	
              Learn how to determine relative and absolute risk reductions from published studies.

            
	
              Understand how relative and absolute risk reductions usually apply to different populations.

            


        

      

      
        Balancing benefits and adverse effects in individual patients

        
          
	
              Learn how to use a known relative risk reduction to estimate the risk of an event for a patient undergoing treatment, given an estimate of that patient's risk of the event without treatment.

            
	
              Learn how to use absolute risk reductions to assess whether the benefits of therapy outweigh its harms.

            


        

      

      
        Calculating and using number needed to treat

        
          
	
              Develop an understanding of the concept of number needed to treat (NNT) and how it is calculated.

            
	
              Learn how to interpret the NNT and develop an understanding of how the “threshold NNT” varies depending on the patient's values and preferences, the severity of possible outcomes and the adverse effects (harms) of therapy.

            


        

      

    

      Tip 1: Understanding risk and risk reduction

      You can calculate relative and absolute risk reductions using simple mathematical formulas (see Appendix 1). However, you might find it easier to understand the concepts through visual presentation. Fig. 1A presents data from a hypothetical trial of a new drug for acute myocardial infarction, showing the 30-day mortality rate in a group of patients at high risk for the adverse event (e.g., elderly patients with congestive heart failure and anterior wall infarction). On the basis of information in Fig. 1A, how would you describe the effect of the new drug? (Hint: Consider the event rates in people not taking the new drug and those who are taking it.)
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            Fig. 1: Results of hypothetical placebo-controlled trials of a new drug for acute myocardial infarction. The bars represent the 30-day mortality rate in different groups of patients with acute myocardial infarction and heart failure. A: Trial involving patients at high risk for the adverse outcome. B: Trials involving a group of patients at high risk for the adverse outcome and another group of patients at low risk for the adverse outcome.

          



      We can describe the difference in mortality (event) rates in both relative and absolute terms. In this case, these high-risk patients had a relative risk reduction of 25% and an absolute risk reduction of 10%.

      Now, let's consider Fig. 1B, which shows the results of a second hypothetical trial of the same new drug, but in a patient population with a lower risk for the outcome (e.g., younger patients with uncomplicated inferior wall myocardial infarction). Looking at Fig. 1B, how would you describe the effect of the new drug?

      The relative risk reduction with the new drug remains at 25%, but the event rate is lower in both groups, and hence the absolute risk reduction is only 2.5%.

      Although the relative risk reduction might be similar across different risk groups (a safe assumption in many if not most cases7,8), the absolute gains, represented by absolute risk reductions, are not. In sum, the absolute risk reduction becomes smaller when event rates are low, whereas the relative risk reduction, or “efficacy” of the treatment, often remains constant.

      These phenomena may be factors in the design of drug trials. For example, a drug may be tested in severely affected people in whom the absolute risk reduction is likely to be impressive, but is subsequently marketed for use by less severely affected patients, in whom the absolute risk reduction will be substantially less.

      
        The bottom line

        Relative risk reduction is often more impressive than absolute risk reduction. Furthermore, the lower the event rate in the control group, the larger the difference between relative risk reduction and absolute risk reduction.

      

    

      Tip 2: Balancing benefits and adverse effects in individual patients

      In prescribing medications or other treatments, physicians consider both the potential benefits and the potential harms. We have just demonstrated that the benefits of treatment (presented as absolute risk reductions) will generally be greater in patients at higher risk of adverse outcomes than in patients at lower risk of adverse outcomes. You must now incorporate the possibility of harm into your decision-making.

      First, you need to quantify the potential benefits. Assume you are managing 2 patients for high blood pressure and are considering the use of a new antihypertensive drug, drug X, for which the relative risk reduction for stroke over 3 years is 33%, according to published randomized controlled trials.

      Pat is a 69-year-old woman whose blood pressure during a routine examination is 170/100 mm Hg; her blood pressure remains unchanged when you see her again 3 weeks later. She is otherwise well and has no history of cardiovascular or cerebrovascular disease. You assess her risk of stroke at about 1% (or 1 per 100) per year.9

      Dorothy is also 69 years of age, and her blood pressure is the same as Pat's, 170/100 mm Hg; however, because she had a stroke recently, you assess her risk of subsequent stroke as higher than Pat's, perhaps 10% per year.10

      One way of determining the potential benefit of a new treatment is to complete a benefit table such as Table 1A. To do this, insert your estimated 3-year event rates for Pat and Dorothy, and then apply the relative risk reduction (33%) expected if they take drug X. It is clear from Table 1A that the absolute risk reduction for patients at higher risk (such as Dorothy) is much greater than for those at lower risk (such as Pat).
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            Table 1A. 

          



      Now, you need to factor the potential harms (adverse effects associated with using the drug) into the clinical decision. In the clinical trials of drug X, the risk of severe gastric bleeding increased 3-fold over 3 years in patients who received the drug (relative risk of 3). A population-based study has reported the risk of severe gastric bleeding for women in your patients' age group at about 0.1% per year (regardless of their risk of stroke). These data can now be added to the table to allow a more balanced assessment of the benefits and harms that could arise from treatment (Table 1B).
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            Table 1B. 

          



      Considering the results of this process, would you give drug X to Pat, to Dorothy or to both?

      In making your decisions, remember that there is not necessarily one “right answer” here. Your analysis might go something like this:

      Pat will experience a small benefit (absolute risk reduction over 3 years of about 1%), but this will be considerably offset by the increased risk of gastric bleeding (absolute risk increase over 3 years of 0.6%). The potential benefit for Dorothy (absolute risk reduction over 3 years of about 10%) is much greater than the increased risk of harm (absolute risk increase over 3 years of 0.6%). Therefore, the benefit of treatment is likely to be greater for Dorothy (who is at higher risk of stroke) than for Pat (who is at lower risk).

      Assessment of the balance between benefits and harms depends on the value that patients place on reducing their risk of stoke in relation to the increased risk of gastric bleeding. Many patients might be much more concerned about the former than the latter.

      
        The bottom line

        When available, trial data regarding relative risk reductions (or increases), combined with estimates of baseline (untreated) risk in individual patients, provide the basis for clinicians to balance the benefits and harms of therapy for their patients.

      

    

      Tip 3: Calculating and using number needed to treat

      Some physicians use another measure of risk and benefit, the number needed to treat (NNT), in considering the consequences of treating or not treating. The NNT is the number of patients to whom a clinician would need to administer a particular treatment to prevent 1 patient from having an adverse outcome over a predefined period of time. (It also reflects the likelihood that a particular patient to whom treatment is administered will benefit from it.) If, for example, the NNT for a treatment is 10, the practitioner would have to give the treatment to 10 patients to prevent 1 patient from having the adverse outcome over the defined period, and each patient who received the treatment would have a 1 in 10 chance of being a beneficiary.

      If the absolute risk reduction is large, you need to treat only a small number of patients to observe a benefit in at least some of them. Conversely, if the absolute risk reduction is small, you must treat many people to observe a benefit in just a few.

      An analogous calculation to the one used to determine the NNT can be used to determine the number of patients who would have to be treated for 1 patient to experience an adverse event. This is the number needed to harm (NNH), which is the inverse of the absolute risk increase.

      How comfortable are you with estimating the NNT for a given treatment? For example, consider the following questions: How many 60-year-old patients with hypertension would you have to treat with diuretics for a period of 5 years to prevent 1 death? How many people with myocardial infarction would you have to treat with β-blockers for 2 years to prevent 1 death? How many people with acute myocardial infarction would you have to treat with streptokinase to prevent 1 person from dying in the next 5 weeks? Compare your answers with estimates derived from published studies (Table 2). How accurate were your estimates? Are you surprised by the size of the NNT values?
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      Physicians often experience problems in this type of exercise, usually because they are unfamiliar with the calculation of NNT. Here is one way to think about it. If a disease has a mortality rate of 100% without treatment and therapy reduces that mortality rate to 50%, how many people would you need to treat to prevent 1 death? From the numbers given, you can probably figure out that treating 100 patients with the otherwise fatal disease results in 50 survivors. This is equivalent to 1 out of every 2 treated. Since all were destined to die, the NNT to prevent 1 death is 2. The formula reflected in this calculation is as follows: the NNT to prevent 1 adverse outcome equals the inverse of the absolute risk reduction. Table 3 illustrates this concept further. Note that, if the absolute risk reduction is presented as a percentage, the NNT is 100/absolute risk reduction; if the absolute risk reduction is expressed as a proportion, the NNT is 1/absolute risk reduction. Both methods give the same answer, so use whichever you find easier.
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      It can be challenging for clinicians to estimate the baseline risks for specific populations. For example, some physicians may have little idea of the risk of stroke over 5 years among patients with hypertension. Physicians may also overestimate the effect of treatment, which leads them to ascribe larger absolute risk reductions and smaller NNT values than are actually the case.14

      Now that you know how to determine the NNT from the absolute risk reduction, you must also consider whether the NNT is reasonable. In other words, what is the maximum NNT that you and your patients will accept as justifying the benefits and harms of therapy? This is referred to as the threshold NNT.15 If the calculated NNT is above the threshold, the benefits are not large enough (or the risk of harm is too great) to warrant initiating the therapy.

      Determinants of the threshold NNT include the patient's own values and preferences, the severity of the outcome that would be prevented, and the costs and side effects of the intervention. Thus, the threshold NNT will almost certainly be different for different patients, and there is no simple answer to the question of when an NNT is sufficiently low to justify initiating treatment.

      
        The bottom line

        NNT is a concise, clinically useful presentation of the effect of an intervention. You can easily calculate it from the absolute risk reduction (just remember to check whether the absolute risk reduction is presented as a percentage or a proportion and use a numerator of 100 or 1 accordingly). Be careful not to overestimate the effect of treatments (i.e., use a value of absolute risk reduction that is too high) and thus underestimate the NNT.

      

    

      Conclusions

      Clinicians seeking to apply clinical evidence to the care of individual patients need to understand and be able to calculate relative risk reduction, absolute risk reduction and NNT from data presented in clinical trials and systematic reviews. We have described and defined these concepts and presented tabular tools and equations to help clinicians overcome common pitfalls in acquiring these skills.

      𝛃 See related article page 347
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