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INTRODUCTION
Even though risk information is abundant 
in medical and nonmedical settings (e.g. the 
chance of precipitation in the daily weather fore-
cast) most people do not understand commonly 
used concepts of risk. Medical risk information 
contributes to the understanding, prevention and 
treatment of disease.1 Comprehension of this 
information is critical for the physician and the 
patient, because decisions based on risk estimates 
can have long-lasting consequences. Among other 
things, the ability to appreciate risk might inspire 
patients to comply with treatment and to modify 
high-risk lifestyle choices. Clinicians must, there-
fore, not only understand risk, but also be able to 
communicate potential risks and benefits to their 
patients effectively. The goal of this article is to 
help physicians understand risk measures and the 
issues surrounding risk communication.

UNDERSTANDING RISK
Risk is reported in many different ways in the 
medical literature. Risk measures can pertain 
to the development of an outcome at a specific 
time point (fixed-time measures), or to the rate 
of development of an outcome over a period of 
time (rate-based measures). In addition, many 
complex risk measures have been derived from 
other risk measures.

Fixed-time measures
The most well-known measures of risk are 
coupled with 2 × 2 tables that tabulate the pres-
ence or absence of a risk factor (such as metho-
trexate initiation) against a yes or no outcome at a 
fixed time point (such as infection at 2 years after 
methotrexate initiation), as shown in Table 1. 
Other fixed-time measures include absolute risk, 
risk difference, relative risk (RR) and odds ratio 
(OR) (Table 2).

Assessments of risk are a critical part of the practice of evidence-based 
medicine. Comprehension of various risk measures, such as absolute risk, 
relative risk, attributable risk, odds ratio, and hazard ratio, is essential 
to understand the medical literature, and to communicate health risks 
effectively. Complex risk measures, including number needed to treat 
and survival estimates that are adjusted for competing risks, are often 
misunderstood. Communication of these concepts to patients can be a 
challenge. The patient’s perception of risk stems not only from the way 
risks are stated, but also from family history, personal experiences, cultural 
norms, and beliefs. A multifaceted approach to risk communication that 
uses both qualitative and quantitative assessments of risk, and addresses 
the timing and permanence of risks, is necessary to ensure the patient 
understands the potential risks. Successful communication involves 
interaction with the patient to understand the patient’s perspective and to 
aid in personalized decision-making. In the face of uncertainty, making a 
provisional decision with a plan to review it later can be a good strategy. 
Verifying the patient’s comprehension can help ensure that the decisions 
reached are informed and acceptable.
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REVIEW CRITERIA
Statistical articles cited in this Review are from the authors’ collections. A search of 
PubMed was performed to elicit information on risk communication. Search 
terms included “risk communication”, “risk”, and “evidence-based medicine”. 
Relevant references from retrieved articles were also examined.
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is 0.26 ÷ 0.74 = 0.35. ORs are used to compare 
the odds between two groups. The OR of 
infection for methotrexate users compared to 
non-users is estimated as (A ÷ B) ÷ (C÷D), or 
0.35 ÷ 0.22 = 1.60. Methotrexate users, therefore, 
have 60% higher odds of experiencing infection 
than patients without methotrexate exposure.

The OR is commonly reported because it can 
be estimated using data obtained from several 
different study designs: these include subsets of an 
entire population; sample sizes that are balanced 
in relation to the assigned treatment (such as in 
Table 1, which includes 500 metho trexate users 
and 500 nonusers); or subgroups of patients who 
experienced specific outcomes (e.g. 500 patients 
with and 500 without infection). In contrast, the 
absolute risk, risk difference and RR cannot be 
properly estimated from a study in which samples 
are chosen on the basis of the outcome, such as a 
case–control study. In addition, logistic regression 
models, which are commonly used to analyze yes 
or no outcomes, naturally produce an OR.

Rate-based measures
The above measures implicitly assume that all 
patients are followed for a fixed time frame (e.g. 
RR of infection at 2 years). When patients have 
widely disparate amounts of follow-up, rate-based 
measures can be used.

One such measure, the risk rate, is estimated 
as the total number of patients who reach the 
outcome, divided by the total observation time. 
The total observation time, measured in person-
years, is the sum of the observation times for 
all individuals in the study. For instance, a 
study with three patients who were observed 
for 12.3, 1.0 and 4.1 years, respectively, would 
have a total observation time of 17.4 person-
years. In the example from Table 1, if the 500 
methotrexate users were observed for 1,000 
person-years (an average of 2 years per patient, 
rather than exactly 2 years each), the risk rate 
is 130 events ÷ 1,000 person-years, or 13% per 
year. If patients without methotrexate exposure 
also had 1,000 person-years of observation, 
then the rate ratio would match the RR, since 
(130 ÷ 1,000) ÷ (90÷1,000) = 1.44. Alternatively, 
if patients without methotrexate exposure had 
1,050 person-years of observation, the rate 
ratio—more commonly called the hazard ratio 
(HR) or the standardized mortality ratio for the 
outcome of death—would be 1.52.

The HR estimate above can be biased if baseline 
rates change over time, such as complication rates 

after surgery. A common approach that adjusts 
for this variation is to estimate the HR with a 
Cox proportional hazards model. An HR = 2 
means that, on a given day, an individual with 
the risk factor is twice as likely to experience 
the outcome in question compared to an indi-
vidual without the risk factor, independent of the 
absolute underlying rate at which the outcome 
occurs. Over a long period of time, the chance 
that a patient with the risk factor will experience 
the outcome before a patient without the risk 
factor is HR ÷ (HR + 1), which is 67% for HR = 2. 
The HR, however, does not provide information 
about how rapidly an end point is reached, nor 
how many patients will actually reach it.3

Although RR, HR, and OR are used inter-
changeably, they are not quite equivalent. For rare 
outcomes, the discrepancy between these three 
measures is small. The OR always over estimates 
the RR (because the RR < HR < OR when the 
RR >1). This exaggeration of the RR is only sizable 
for risk factors with large effects, so this bias does 
not change the qualitative conclusion.4,5

Complex risk measures
Several risk measures stem from those described 
above: these include the number needed to treat 
(NNT), relative risk reduction (RRR), attribu table 
risk, and cumulative incidence. The NNT esti-
mates the number of patients who must be treated 
to prevent a particular outcome in one patient. 
NNT is computed as the reciprocal of the risk 
difference. If the risk factor causes (rather than 
prevents) an outcome, this same measure is called 
the number needed to harm. In the example in 
Table 1, the risk difference is 0.08, so the number 
needed to harm is 1 ÷ 0.08 = 12.5. On average, one 
additional infection will occur within 2 years for 
every 12.5 patients treated with methotrexate.

The RRR is the risk difference divided by 
the absolute risk in those exposed to the risk 
factor. In the example, RRR = (0.26 – 0.18) 
÷ 0.26 = 31%, so elimination of methotrexate use 
would reduce the number of infections in these 
patients by 31%. The RRR is also referred to as 
the attributable risk, or the etiologic fraction.

Population attributable risk (PAR) refers to 
the proportion of an outcome in the population 
that could be prevented by the elimination of a 
causal risk factor.6 Estimation of the PAR in the 
example would require estimates of the preva-
lence of methotrexate use in the population and 
the RR of infection with methotrexate use. The 
PAR helps to determine which risk factors have 
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