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Abstract: The issues of weighing benefits and harms and of shared
decision-making have become increasingly important in recent
years. There is limited knowledge and lack of adequate data on the
most transparent method of communicating the information. In this
article we discuss examples of communicating benefits and harms
for well-known therapeutics, illustrating that relative risk estimates
are not helpful for communicating the chance of experiencing
adverse events. In addition, we show that asymmetric presentation
of the data for benefits and harms is likely to bias toward showing
greater benefits and diminishing the importance of the harms (or
vice versa). We also present preliminary results of a brief review of
high-impact medical journals that show limitations of current sys-
tematic reviews. In the review we found that every second published
study does not discuss frequency data and 1 in 3 studies that report
information on both benefits and harms does not report information
in the same metric. We conclude that consistently depicting benefit
and harm information in frequencies can substantially improve the
communication of benefits and harms. Investigators should be re-
quested to provide frequency data along with relative risk informa-
tion in the publication of their scientific findings. Currently, even in
the highest impact medical journals, evidence of benefits and harms
is not consistently presented in ways that facilitate accurate inter-
pretation.
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Solving a problem simply means representing it so as to make
the solution transparent.

Herbert A. Simon
The Sciences of the Artificial

The issues of weighing the benefits and harms of therapeutics
and shared decision-making has become increasingly impor-

tant in recent years. A recent Institute of Medicine (IOM) forum
on understanding the benefits and harms of pharmaceuticals1

highlighted the lack of adequate data and generally limited
knowledge about what would be the most transparent method of
communicating medical information to people. This is hardly a
surprise, as the science of evidence communication is relatively
new. Its importance grew, at least partially, as a result of the
rapid growth of medical information in the last 2 decades. Two
more recent developments were critical for the renewed
interest in advancing this science: first, the need for shared
medical decision-making; second, appreciation of the princi-
ples of evidence-based medicine.

The goal of evidence communication is informed
decision-making. Hence, it is important that people receive
information in an understandable format and be able reflect
on the trade-offs involved with the therapy.2 Unless the
information is presented as it applies to the individual patient,
a choice for one or another type of therapy cannot be made.
In essence, medical-decision making has a mathematical core
and both researchers and physicians have a mission to com-
municate that core in such a way that it is best understood by
a patient. In this context, the issue of weighing marginal
benefit and marginal harm depends on and is potentially
secondary to the first step: how to represent numeric infor-
mation on benefits and harms. Traditionally, the most com-
mon ways of communicating information on benefits and
harms were qualitative terms such as “high or low risk” or
relative terms such as “percent reduction” or “percent in-
crease” in the occurrence of the events. In the late 80s and
early 90s, frequency measures such as numbers needed to
treat (NNT) were introduced and hailed as a useful way to
communicate scientific information.3,4 Although these terms
were generally accepted by the medical community, there has
recently been controversy about physicians’ and patients’
ability to respond to information presented in this format. The
opponents of NNT report that physicians and patients have
trouble understanding these terms5,6 whereas advocates at-
tribute these reports to “unusual framing” when communicat-
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ing information in frequency terms.7 The debate highlights
the uncertainty about the most comprehensible way of com-
municating the information to physicians and patients. Gig-
erenzer and colleagues8,9 provide some compelling argu-
ments for using absolute or marginal frequency information
(events per x treated or additional events per x treated) and
have shown that relative terms are likely to be severely
misunderstood by both patients and clinicians. However, the
attractive statistical features of relative terms are still used to
justify their use, and the assumption is that physicians will
need to make further efforts to translate relative terms into
understandable format. This is likely to be a naive assump-
tion, given the limited time and inadequate training of phy-
sicians in risk communication. Furthermore, the inability of
both providers and patients to understand numeric information is
a “collective innumeracy”7 and is an impediment to informed
decision making.

In this article, we sought to concentrate on issues of
evidence communication and provide illustrative examples
to support the use of the frequency information. First, we
discuss examples of well-known therapeutics and their
association with stroke or cerebrovascular events in both
frequency and relative terms. Furthermore, we discuss
examples of extremely confusing asymmetric presentation
of benefits and harms. Finally, we report the preliminary
findings of a brief review of 3 leading medical journals
�Journal of American Medical Association (JAMA), British
Medical Journal (BMJ), and Lancet)� to evaluate the
reporting of benefits and harms in systematic reviews.

EXAMPLES OF WELL-KNOWN THERAPEUTICS

Relative Risk (Risk Ratio, Odds Ratio) Versus
Frequencies (Chance)

Relative risk estimates are meaningless for communi-
cating the chance of experiencing an event (either benefit or
harm).

Oral Contraceptives and Stroke
The risk communication tools recommended by the

Association of Reproductive Health Professionals rely
heavily on frequency data to educate women about the
benefits and harms of oral contraceptives (OC).10 For exam-
ple, to communicate cardiovascular harm, educational mate-
rials refer to studies that report frequency terms such as “4
versus 2 women will experience heart attack out of 1 million

OC users (for women �35 years old)” rather than using
relative terms.11

To evaluate stroke harms, a landmark systematic review
reported the harm information as 4.1 additional strokes per
100,000 women taking OC or 1 additional ischemic stroke per
year per 24,000 women using OC.12 The study also reported a
relative risk estimate of 1.93, which can be interpreted as a 93%
increased risk of stroke (or an increase by a factor of 1.93).

The 93% increase might sound frightening to many
women, whereas the chance of 1 in 24,000 is hardly consid-
ered troubling (Table 1). Internet searches on the risk of
experiencing a harmful event associated with OC usually
yield similar information presented in frequencies. As an
example, the first hit in the Google search for “risk of oral
contraceptives” will yield a website explaining the chances of
stroke or other harms in frequency terms rather than relative
terms.13 In this instance, the public health impact of the
additional chance of stroke needs to be weighed against the
benefits.

Phenylpropanolamine and Stroke
Phenylpropanolamine (PPA), an appetite suppressant

used mostly by women, was considered a “lifestyle drug” to
lose weight. It was also a component of many cough-cold
remedies. As early as 1984, information was emerging about
possible hemorrhagic stroke harm associated with PPA.14

A landmark study funded by the pharmaceutical indus-
try was designed and conducted by a group of independent
researchers from Yale University with help from the US Food
and Drug Administration (FDA). The study was published in
the New England Journal of Medicine (NEJM). It was found
that any PPA use was associated with 2 times higher odds of
stroke; use as appetite suppressants was associated with 16.6
times higher odds of stroke compared with no use of this
medication.15 This case–control study involved large numbers
of stroke and control patients. Because this was a case–control
study, we note that analysts could not use their data to estimate
the chance of experiencing stroke. The chance of experiencing
stroke was almost never discussed with this drug and only odds
ratios were communicated. The FDA public health advisory said
that PPA was a likely cause of 200–500 hemorrhagic strokes
annually and said that chances of a stroke were “low.”16 Al-
though the exact estimates were not given, millions of women
(as high as 10 million) took PPA annually in the years before
publication of this study. If 200–500 strokes were to be observed
for 10 million users annually, the additional annual chance of

TABLE 1. Relative Risk, Number Needed to Harm, Frequency Information, and Public Health Impact for Selected Drugs and
Their Association With Stroke

Therapy
Relative

Risk
No. Needed to Harm

(NNH)
Additional Annual Chance

of Stroke per 100,000 Persons
Public Health Impact

Annually

Oral contraceptives 1.93 24,000 (study) 4 in 100,000 440 strokes

Phenylpropanolamine 16.6 20,000–500,000 (calculated) �1 to 5 in 100,000 �50 to 500 strokes

Hormone replacement therapy 1.29 160 (study) �92 in 100,000 �13,675 strokes

Atypical antipsychotics 7.8* 28 (study) 3750 in 100,000 7000 strokes

*Estimated from 0 (167) vs. 6 (170) events using Peto method.
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experiencing a stroke can be calculated as 1 in 20,000 to 50,000
women. One of the authors of the Yale report, Dr. Lawrence
Brass, put his estimate for the chance of hemorrhagic stroke as
“perhaps 1 in 500,000” users.17

When compared with oral contraceptives, PPA is likely
to be 10 times less harmful in terms of stroke in the least
conservative scenario and probably equally harmful in the
most conservative scenario. However, if one looks at the odds
ratio information, then a very different conclusion is reached
(Table 1). Interestingly, the risk information (over 16 times
higher odds) presented in the NEJM article left a strong
impression on the public and many researchers. In this in-
stance, the drug was taken off the market. Availability of
safer alternatives was at least partially related to this decision.
Of note is the fact that alternatives were not as commonly
used at the time and their safety was even more difficult to
establish.

Hormone Replacement Therapy and Stroke
Hormone replacement therapy (HRT) was quite popular

in past decades, although its use is reportedly decreasing since
the publication of the Women’s Health Initiative (WHI).18,19

However, the potential to reduce menopausal symptoms and the
medicalization of menopause make HRT appealing to many
women. The initial epidemiological studies reported additional
benefits of HRT, including cardiovascular benefits, which were
widely debated. Randomized controlled trials (RCTs) did not
confirm any cardiovascular benefits but instead reported an
increased risk of breast cancer. In addition, the latest systematic
review has shown that HRT is associated with a 29% higher risk
of stroke (a factor of 1.29) compared with no treatment.20 Again,
when looking at the relative risk information alone, the increased
chance of harm might be considered low when compared with
oral contraceptives (93% increase in stroke) or PPA (16.6-fold
increase). However, when estimating the frequency data, one
finds that HRT is likely to be over 20 times more harmful than
either OC or PPA. The additional annual chances of experienc-
ing a stroke for a middle-aged woman taking HRT are over 92
per 100,000 (Table 1). This phenomenon is related to higher
overall occurrence of stroke in postmenopausal women. Accord-
ingly, even a small relative risk increase in stroke translates into
a much higher chance of stroke in this group of women.

The public health impact of HRT is hard to ignore
based on these harm data, and serious questions need to be
asked about the net health benefits (the balance of benefits
and harms). Again, communication of frequency information
rather than relative risks is critical to debate. The chance of
experiencing harms and benefits is not consistently commu-
nicated to women. Proper communication might be the key in
decision-making about the use or marketing of this therapy in
future.

Emerging Evidence on Atypical Antpsychotics
A recent systematic review reported the benefits and

harms of atypical antipsychotics.21 The review summarized 5
RCTs that discussed harms. Only 1 study reported informa-
tion on stroke, finding 7 strokes in 170 patients assigned to
antipsychotics and zero in 167 assigned to placebo.22 Neither

the original study nor the systematic review calculated rela-
tive risk or statistical significance. Only numeric information
on this harm was presented. Using the Peto method to
calculate the odds ratio yields an estimate for harm of 7.8
(P � 0.01). As all of the strokes in this study occurred within
the first months of taking the medication, the annual occur-
rence of stroke would be at least comparable to this estimate
and might be even higher. The chance of stroke in the eligible
population can be as high as 1 in 28 people (Table 1).
Although the estimates might change when more information
from other studies becomes available, the public health im-
pact is too large to ignore, and the frequency data will trigger
more thorough studies of the benefits and harms.

Asymmetric Communication of Benefits and
Harms

Benefits may be presented in relative terms but harms
presented in terms of frequencies (or vice versa). This is very
likely to asymmetrically bias toward showing greater benefits
and diminishing the importance of the harms (or vice versa).

Recombinant Tissue Plasminogen Activator
Administration After Stroke

Intravenous recombinant tissue plasminogen activator
(rt-PA) is considered useful for the treatment of ischemic
strokes. A pooled analysis of 6 RCTs published in 2004
discussed early and late rt-PA administration.23 The study
reported that the “odds of the favorable outcome” increase the
sooner the rt-PA is administered (odds ratios of 2.8, 1.6, 1.4,
and 1.2 for the administration of rt-PA at �90, 91–180,
181–270, and 271–360 minutes after stroke, respectively).
However, harms are presented in frequencies; for example as
“82 (5.9%) rt-PA patients and 15 (1.1%) in controls” expe-
rienced serious hemorrhage. One can think of this as an odds
ratio of �5.0 for the sake of consistency, but this is hardly
helpful anyway. One cannot learn about the balance of the
benefits and harms without having the frequency information
for both benefits and harms. The conclusion states, “The
sooner that rt-PA is given to stroke patients, the greater the
benefit, especially if started within 90 minutes. Our results
suggest a potential benefit beyond 3 hours, but this potential
might come with some risks.” There is not enough informa-
tion presented in the article for a reader to reach a similar
conclusion. From the given information, one can discuss the
harms as 48 additional serious hemorrhages per 1000 patients
administered rt-PA. Similarly, number needed to harm can be
calculated as 21 (100%/(5.9–1.1%), which means that 1
additional serious hemorrhage occurs per 21 treated patients.
However, a similar calculation for benefits is not possible,
and this lack of transparency might bias an informed reader
toward thinking that benefits do not outweigh harms.

Aggrenox (Combination of Dipyridamole and
Aspirin) for Secondary Stroke Prevention

Evidence on the stroke reduction associated with Ag-
grenox administration is frequently linked to the European
Stroke Prevention Study 2, published in 1996.24 The FDA
based its approval decision on the same study,25 stating that,
“Aggrenox reduced the risk of stroke by 36.8% and the
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cumulative risk of stroke and death by 24.2% compared with
placebo.” The article highlights relative risk reduction in
stroke in the abstract and in the main text. However, the
abstract reports no numeric data for serious adverse events
and only a qualitative harm statement for all-site bleeding and
gastrointestinal bleeding is reported with significantly more
events in patients who received Aggrenox when compared
with aspirin or dipyridamole.

Aggrenox data is not consistently presented in the
article to judge about benefits and harms of Aggrenox when
compared with aspirin alone or dipyridamole alone. A careful
examination of the article might show that Aggrenox, com-
pared with aspirin alone, is associated with 30 additional
stroke reductions per 1000 patients, but also 3 additional
increased deaths per 1000 patients treated over 2 years. The
frequency data also shows approximately 4 additional severe
or fatal bleeding episodes with Aggrenox than with aspirin
alone. If these harms had been clarified and transparently
presented in the article, the research community could have
had a different opinion about the net health benefit of this
drug.

EVALUATING BENEFITS AND HARMS
DEPICTION IN SYSTEMATIC REVIEWS

PUBLISHED IN 3 HIGH-IMPACT JOURNALS
We sought to determine whether any of the following

problems occurred in 3 high-impact journals that publish
systematic reviews:

1. Frequency data not reported;
2. Benefits and harms not presented in the same metric (ie,

relative risks for benefits and frequencies for harms).

We hand searched BMJ, JAMA, and Lancet from
January 2004 through May 2006 for all systematic reviews
of therapies. We found 216 studies; of these, we excluded
52 prevalence studies, 21 studies of diagnostic tests, and
24 studies of nontherapeutic interventions (ie, diet). We
included 119 studies of therapeutic interventions; of these,
64% were drug therapy studies, 19% studies of noninva-
sive interventions, 10% studies of other therapeutic inva-
sive interventions, and only 7% studies involving surgical
treatments.

We found that both benefits and harms were reported in
55% of studies, 34% of the studies reported only benefits, and
11% reported only harms.

Figure 1 summarizes the most important findings of
our preliminary review. Roughly every second study pub-
lished in high-impact medical journals does not discuss
frequency data. For the most part, the articles discuss
relative estimates (relative risks or odds ratios; Fig. 1).
Further, 1 in 3 studies reporting information on both
benefits and harms does not present the benefit and harm
information in the same metric. In most cases, relative risk
is reported for benefits and frequency data are reported for
harms.

CONCLUSIONS
Consistently depicting benefit and harm information in

frequencies in technology assessments, evidence reviews, and
individual studies can substantially improve benefit and harm
communication. Investigators should be asked to provide
frequency data along with relative risk information when
publishing their scientific findings.

Currently, evidence of benefits and harms is not con-
sistently presented in ways that facilitate accurate interpreta-
tion even in the highest impact medical journals.
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APPENDIX A

An Example and Possible Solution to Numeric
Problems in a Hypothetical Instance of
Doctor–Patient Interaction
Consider the following example of doctor–patient interaction
after the evidence for HRT changed substantially.18,19

Clara S, a widowed 48-year-old mother of 2, had been
using HRT for 2 months when she learned about possible
harms associated with HRT. Clara was quite concerned about
this and made an appointment with her clinician the next day.

Dr. X sounded quite knowledgeable. She explained
that a lot of information about HRT came from large
observations of women like Clara and reminded her about
the benefits:

1. Women taking HRT are likely to have about a 50%
reduction in menopausal symptoms such as hot flashes,26

2. HRT is associated with a decreased occurrence of hip
fracture that can range from 15% to 43%.27

Then Dr. X shared a finding of a possible risk; 20–23
women out of 1000 taking HRT will develop breast cancer
after 10 years of HRT use, as opposed to about 18 out of 1000
not taking HRT.28 In addition, HRT is not associated with
cardiovascular benefits, as was previously thought, and in fact
might be associated with a small increased risk of these events.19

Clara was not convinced that her hot flashes and sweating were
down by 50% and thought they might get better later on if she
continued on HRT. Therefore, the 50% reduction was very good
news. What was on the other end? The small risk of breast
cancer and possible cardiovascular problems? She was not
happy with the risk of breast cancer, but it sounded small. The
cardiovascular risk was not clear. She thought that she was too
young for cardiovascular problems. The benefits were quite
certain and they seemed to outweigh the risks so, like many
other women, she was happy to continue HRT.

The example highlights many hidden risk perception
and innumeracy issues. First, cognitive psychology experts
would note the fact that benefits are conveyed as certain
but that the harms are discussed as “risks.” Many people
process the term “benefits” at a subconscious level as
certainty. By contrast, the term “risk” connotes uncertainty.9

Thus, many physicians may inadvertently be presenting pa-
tients with certain benefit and uncertain harm. Second, there
are important numeric evidence communication problems in
this hypothetical case, as follows:

1. Relative risk estimates are not helpful for communicating
the chance of experiencing an event (either benefit or a
harm).9,29 In our scenario, relative risk estimates cannot
accurately depict the chance of experiencing menopausal
symptom relief, fracture, or other benefits and harms.

2. Benefits related to menopausal symptoms and fracture are
presented in relative terms, whereas harms (breast cancer)
are described in frequencies. This approach is very likely
to produce an asymmetric bias toward showing greater
benefits and diminishing the importance of the harms.9

A Possible Solution
1. Dr. X should consider communicating the chance of a

reduction in hot flashes in other terms. A 50% reduction
in hot flashes associated with HRT might mean that 5
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out of 10 women will be prevented from having any hot
flashes, with no effect on others. However, it might also
mean that the number of hot flashes will be halved in all
women. There is also an intermediate scenario, with
some women completely relieved, some having reduc-
tions, and some having no relief at all. The lack of
clarity for this end point might need to be addressed by
scientists and physicians together.

2. Dr. X should consider communicating the chance of the
reduction in fractures in frequency terms as well. Exam-
ple: 7–20 additional fractures will be prevented per 10,000
women taking HRT for 10 years.27

3. Although absolute risk terms are also appropriate, breast
cancer harm can be communicated in terms similar to the
above for consistency. Example: 18–57 additional breast can-
cers will occur in 10,000 women taking HRT for 10 years.27

4. The chance of stroke harm can also be put in similar terms.
Example: about 92 additional strokes will occur in 10,000
women taking HRT for 10 years.20

More outcome data can be added in a similar symmetric
manner.

If women were to learn that the benefits are not
certain and a large number of women will not benefit or
will get limited benefit from HRT but will still have a
chance of having a harmful event, then they might make
better decisions on the use of HRT. It is not helpful to
communicate only the 50% reduction in menopausal symp-
toms such as hot flashes, as it might sound like a certain
benefit applying to all who take HRT. Additionally, having
frequency data on other relatively rare benefits and harms
might help women to make their own judgments on how
likely it is that will happen to them.
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