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introduction
Previous studies have demonstrated that presenting treatment benefits in terms of 
relative risk reduction rather than in terms of absolute risk reduction or number of 
needed to treat patients should favor the sense of outcome effectiveness. 

Objectives
The purpose of this study was to perform a cognitive evaluation to assess how the 
form of presenting the risks and benefits of screening methods and treatments af-
fects medical student decision-making. 

Methods
Sixty-five medical students attending a Biostatistics course answered a question-
naire reporting the results of clinical trials expressed as relative risk reduction 
(RRR), absolute risk reduction (ARR) and/or number needed to treat (NNT), with or 
without associated graphs.

results
Students’ performance was similar when comparing treatment benefits, both in 
relative and absolute risk presentations (RRR: 57.7% vs. ARR: 51.5%, p = 0.319); 
however, performance was worse when information was expressed as NNT (RRR: 
57.7% versus NNT: 31.3%, p = 0.000002). Inclusion of modified-scale graphs was 
misinterpreted as a real data difference (RRR: 98.5% vs. ARR: 43.1%, p < 0.000001). 

Conclusions
This study demonstrated the risks related to misinterpretation of statistical results, 
and the need to perfect students’ training in this type of quantitative analysis  in 
order to improve the medical decision-making process.
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abbreviations > aar  Absolute risk reduction

95%Ci confidence interval 

nnt  Number needed to treat

Or  Odds ratio

rrr  Relative risk reduction

INTRODUCTION
The method of reporting  clinical trial results seems 
to influence the process of medical decision-making, 
an effect which is manifested both in doctors and 
in patients. (1-3). For decades, cognitive psychology 
studies have shown that the method in which quanti-
tative information is expressed has a profound effect 
on its possible interpretation (4 -5). This means that 
the interpretation of numerical information may  

differ depending on the format of data presenta-
tion. The importance of how to display clinical trial 
results may be summarized with a simple example. 
A relative risk reduction of 25 % may be generated 
both from a difference in the event rate of two groups 
of 40% and 30 %, as well as from a difference between 
4% and 3 %; which in the first case is an absolute dif-
ference of 10% and in the second of only 1%. If data 
were expressed only as relative risk reduction (RRR), 
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there would be a tendency to accept these differences 
as clinically important, bypassing or ignoring the 
true reduction in the event rate. Several studies have 
shown that the presentation of therapeutic benefits 
as RRR rather than as absolute risk reduction (ARR) 
or number needed to treat (NNT) would give physi-
cians a more favorable impression of these benefits. 
In a recent meta- analysis Covey (6) observed these 
same effects, albeit heterogeneously, probably due 
to differences in the procedures used in each indi-
vidual study. Given the importance of result report-
ing methodologies in medical decision-making, and 
taking into account the heterogeneity of previous 
studies and the relevance of teaching these aspects, 
the following study was undertaken to learn through 
a cognitive assessment, the degree of influence that 
the mode of presentation of clinical benefits aris-
ing from diagnostic and therapeutic methods might 
exert in the decision making of a group of medical  

students who were attending a Biostatistics course.

METHODS 
The study included 65 students who attended the Biosta-
tistics course during the second year of the medical career 
in 2012. They were subjected to an assessment of the bio-
statistics knowledge acquired during the course. The first 
test contained a first section which assessed knowledge of 
hypothesis tests and a second test the effect size. This sec-
ond test consisted of nine questions with multiple choice 
answers. The questions presented the summarized results 
of different controlled clinical trials, with data displayed as 
RRR, ARR and / or NNT with the addition of graphs in some 
cases. The series of nine questions was randomized and or-
ganized as follows: 

Group 1 (first question proposed in four different ways): 
in this question results were expressed as RRR and NNT; 
the same question was reworked to express them only as 
RRR; then the same question was expressed as ARR and  
finally only as NNT.

Group 2 (second question proposed in three different 

G1. in a controlled clinical trial 1900 men 

who received a drug to lower cholesterol 

were compared with 1906 men who re-

ceived placebo. after 7 years follow up, the 

rate of cardiovascular death was 2% in the 

placebo group and 1.6 % in the drug group, 

which meant an absolute risk reduction of 

0.4 % (statistically significant). 

G2. a medical intervention had an absolute 

reduction of 1.4 % (2.5 % vs. 3.9%) in the 

5-year incidence rate of fatal and non- fatal 

myocardial infarction (this was a controlled 

clinical trial with significant statistical differ-

ence).

G3. the application of a certain noninvasive 

diagnostic method for a population screen-

ing yielded the following survival results:

G1. a controlled clinical trial of nearly 4000 

men with hypercholesterolemia treated with 

drug or placebo showed a relative risk re-

duction of 20 % in cardiovascular death rate 

at 7 years. this difference in favor of the 

drug was statistically significant.

G2. a medical intervention generated 36 

% relative risk reduction in the incidence of 

fatal and non- fatal myocardial infarction at 

5 years (it was a controlled clinical trial with 

significant statistical difference). 

G3. the application of a certain noninvasive 

diagnostic method for a population screen-

ing yielded the following death results in the 

long term follow-up

G1. in a controlled clinical trial, 3806 pa-

tients were divided into two groups to com-

pare a drug versus placebo. assessment of 

cardiovascular death rate showed a statis-

tically significant difference in favor of the 

drug, with a number needed to treat of 250 

patients to prevent one death at 7 years. 

G2. a medical intervention requires treating 

72 subjects for 5 years to prevent fatal or 

non-fatal myocardial infarction (it was a con-

trolled clinical trial with significant statistical 

difference).

g1. Nearly 4000 subjects participated in a 

controlled clinical trial evaluating a drug 

vs. placebo in hypercholesterolemia. drug 

treatment favored results at 7 years, with a 

statistically significant relative cardiovascular 

death rate reduction of 20% and a number 

needed to treat of 250 to prevent an event.

the use of screening improves survival by 
an absolute value of 0.7% (98.3% vs. 97.6%)

the use of screening reduces mortality risk 
by 30%

NNT+RRR

ARR RRR NNT

table 1. Question´s summary (7-9)
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ways): in this question results were only expressed as ARR; 
then the same question was reworked to express them only 
as RRR and finally only as NNT.

Group 3 (third question proposed in two different 
ways): in this question results were only expressed as RRR 
and then the same question only as ARR, both accompa-
nied by graph representations. In this case, the scale or the 
graphs’ relative proportion was modified in order to favor 
the choice of RRR. The graph modification consisted in 
exaggerating or reducing bar heights to favor or disfavor 
relative differences. Question contents are summarized in 
Table 1. For comparison purposes, the test questions were 
prepared from three previous studies that addressed the 
same topic of this study. (7 -9) The composition of these 
questions attempted to remedy previous study shortcom-
ings, especially by adding examples containing NNT, the 
combination of RRR + NNT and supporting graphs. At 
the end of each sample the student was asked whether he 
would consider these results as sufficient evidence for the 
proposed intervention. The multiple choice answers to each 
question allowed on some occasions to answer “ yes, no or 
do not have enough information”; and at other times “very 
helpful, moderately or scarcely helpful, not helpful or do 
not have enough information.”

To analyze the results, the favorable rate of choice for 
RRRs vs. ARRs or NNTs was compared. The proposed hy-
pothesis was that respondents would choose more easily 
RRR than ARR or NNT as treatment evidence. Questions 
in groups 1 and 2 were evaluated together; therefore, the to-
tal number of answers was 130 (65 students per 2 questions 
each) in the case of ARR, 130 (65 students per 2 questions 
each) in the case of RRR and 195 (65 students per 3 ques-
tions) in the case of NNT and RRR + NNT (2 questions in 
group 1 and one question in group 2).

Finally, the individual score obtained in this test based 
on the effect size was compared with that achieved in the 
section that assessed knowledge of hypothesis tests in order 
to analyze whether the understanding of both was related. 
The groups were compared with χ ² and the odds ratio loga-
rithm  (ln OR) and its 95 % confidence interval (95% CI) 
was estimated in order to compare these results with those 
previously reported in the same format. The distribution of 
correct answers was adjusted with Poisson distribution and 
the correlation between the tests with Spearman’s rho.

RESULTS
The scores of the test analyzing the influence of ef-
fect size measurements followed a Poisson distribu-
tion with ƛ = 3.6 (adjusted p = 0.706) (Figure 1). 
Similarly, the test scores on hypothesis tests also 
coincided with a Poisson distribution with ƛ = 4.8 
(adjusted p = 0.095). In the joint analysis of the 
questions in groups 1 and 2, 51.5 % (67/130) of the 
answers was correct when results were expressed 
as ARR; likewise, 57.7 % (75/130) was also correct 
when results were expressed as RRR; finally, 37.7% 
(61/195) was correct when data were expressed as 
NNT (p < 0.0001). The comparison between correct 
answers with RRR and ARR showed no statistical 
difference (ln OR = 0.25, 95% CI 0.274-0.770; p = 
0.319); although there was a difference when ARR 
and NNT were compared (31.3 %, 61/195) (ln OR = 
1.10, 95% CI 0.610-1.585; p = 0.00025), indicating 

that students handled the evidence statistics better 
with ARR than with its equivalent NNT. Finally, the 
comparison between RRR and NNT was ln OR = 
0.85, 95% CI 0.365 -1.332; p = 0.000002. In group 
3, where questions were expressed with rescaled 
graphs, 98.5 % (64/65) of the students accepted as 
recommended the proposed screening method where 
data was first expressed as RRR; however, when the 
same problem was proposed as ARR, 43.1 % (28/65) 
accepted the method as useful (ln OR = 4.44, 95% CI 
2.434-7.461; p < 0.000001) (Figure 2).

Finally, Figure 3 shows Spearman’s correlation be-
tween the marks obtained in the exam on hypothesis 
tests and in the exam on effect size measurements.

DISCUSSION
Although some medical journals now require the 
publication of the true event rates as ARR and / or 
NNT, there is no uniform policy to present the re-
sults of clinical studies, either by researchers or the 
pharmaceutical industry when advertising. (8, 10) 
The “illusion of benefit” generated when results are 
expressed as RRR has strong implications on the ac-
ceptance and adoption of innovations. In our work, 
although students had been trained to recognize the 
different presentations of effect size measurements, 
flaws in the interpretation of results were found. On 
the one hand, the fact that students have correctly 
recognized a similar response rate with ARR (51.5 %) 
and RRR (57.7%) could be interpreted as their ability 
to differentiate between these measurements, albeit 
with errors in the interpretation of problem presen-
tation or in the clinical significance of differences. 
The rate of errors made when results were expressed 
as NNT indicate that students had difficulty relat-
ing this measurement with ARR (NNT = 1 / ARR). 
Most errors occurred in graph interpretations. Fig-
ures intentionally modified generated the most sig-
nificant confusion in the study. The exaggeration of 
the relative proportions in the bar graphs was easily 

Fig. 1. Distribution of correct answers in the influence test of relative 
and absolute risks in decision-making (the ƛ value corresponds to 
a Poisson distribution and the p level to the goodness-of-fit test)
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mistaken for a real difference in the data.
Sudents´ and doctors’ training in quantitative 

analysis of statistical techniques is essential to correct 
these problems and improve the decision making pro-
cess. So far, other study results, as well as ours, have 
shown that these learning methods do not seem to be 
sufficient or adequate. (11-13) In this sense, Covey’s 
meta-analysis (6) concluded that both doctors and stu-
dents and the general public may be equally affected 
by the presentation of results; i.e. medical training 
and clinical experience are not enough to immunize 
people against the tendency to interpret data in a dif-
ferent way when they are expressed as RRR, ARR or 
NNT. This inability to acquire adequate knowledge of 
mathematics or statistics to interpret decision making 
in health has been intensively studied under the name 
of numeracy. (14, 15) The importance of this concept 
is that teaching and understanding statistical tools 
might not be available to many decision makers in 
health, and in particular to patients who would like to 
take part in an autonomous decision regarding their 
health. (16)

Only four previous studies have analyzed the in-
fluence in the presentation of the therapeutic bene-
fits or risks in Medicine or Pharmacy students, show-
ing a wide dispersion of results. (4, 17-19) Overall, 
the estimated ln OR was 2.54 when comparing RRR 
vs. ARR and 2.16 when comparing RRR vs. NNT, 
indicating a greater chance of accepting a result as 
valid when expressed as relative risk. Although these 
findings as a whole differ from those observed in 
our work, when considering the individual results of 
Lacy et al. (18) and Chao et al. (19) the differences 
are negligible.

limitations
Among the limitations of this study we may underline 
the inability to extend the findings to the entire popu-
lation of medical students, as the sample only com-
prised 65 individuals belonging to a single university. 
Likewise, the School of Medicine where the study was 
performed is one of the few which teaches Biostatis-
tics as an undergraduate subject.

CONCLUSIONS
In conclusion, the evaluation of a sample of students 
who attended a biostatistics course during their medi-
cal career showed a similar performance when com-
paring the therapeutic benefits observed in a num-
ber of clinical trials, both when the presentation was 
expressed as RRR and as ARR; however, the perfor-
mance was worse when data were expressed as NNT. 
In addition, the inclusion of graphs with a modified 
scale was interpreted by students as a real data dif-
ference. This study demonstrated the risks associ-
ated with the misinterpretation of statistical results 
and emphasizes the need for student training in this 
type of quantitative analysis to improve the process of 
medical decision making

Fig. 2. Analysis of the results according to ln odds ratio and its 95% 
confidence interval for each type of comparison. NNT = Number 
Needed to Treat; ARR = Absolute Risk Reduction; RRR = Relative 
Risk Reduction.

Fig. 3. Spearman correlation between the marks obtained in the 
hypothesis test exams and the marks in the relative and absolute 
risks tests.
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RESUMEN

Influencia de la forma de presentación de los resultados 
de estudios clínicos en la toma de decisiones de los es-
tudiantes de Medicina

introducción
Varios estudios demostraron que la presentación de los be-
neficios terapéuticos en forma de riesgos relativos en lugar 
de riesgos absolutos o número necesario a tratar, produci-
ría una impresión más favorable de dichos beneficios. El  

BASIC CONCEPTS

Clinical trial results may be expressed as rela-
tive risks and/or absolute risks.

According to the method chosen, the treat-
ment risks and benefits may be misinterpreted.

Medical students often confuse relative risks 
and absolute risks in their decision making.

Student training in this type of quantitative 
analysis is essential to correct these issues and 
improve the process of medical decision making.
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