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PREFACE

Reporting about health risks isn’t easy. It involves an
understanding of the complexities of risk assess-
ment, an ability to distinguish between scientific and
pseudoscientific information, the capacity to evalu-
ate and digest complicated material, and the commu-
nication skills to portray the risk in the proper con-
text. Simplistic or contradictory messages can leave
readers confused and wary; they “tune out”—and
you lose your audience. 

The aim of this handbook is to facilitate the process
of reporting by offering a practical, step-by-step
approach to writing about health risks. It is written
from the perspectives of a toxicologist concerned
about the consequences of misinforming the pub-
lic—e.g., ineffective actions to protect and improve
personal and/or public health—and an equally con-
cerned medical journalist who understands the pres-
sures of producing accurate, balanced stories on tight
deadlines.

We provide questions to ask during the development
of the story, tools for evaluating the evidence, an
annotated glossary of scientific terms relevant to risk
assessment, specific examples from real-world risk
stories, and advice on how to avoid common pitfalls.
These suggestions are intended to streamline the
process of writing accurate, balanced risk stories—
with the knowledge that clear “take-home” messages
will assist readers in making reasonable decisions
about their health.
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PART 1: “HAVE I GOT A
STORY FOR
YOU!”

INTRODUCTION

Does living near a toxic waste dump increase your
chances of getting cancer? Does eating soy reduce
cancer risk? Will zinc help a cold? Are pesticides
poisoning you? 

Health is a hot topic, and stories dealing with risks to
health are staples for most print publications. These
stories often cry out for simple answers, but the answers
are rarely simple. Except for cases of proven risk
(e.g., cigarettes cause lung cancer) or proven risk
reduction (e.g., wearing a seat belt reduces the risks
of injury and death in a car crash), writing about risk
is likely to require interviewing more than one
expert, sufficient knowledge to understand and
assess the evidence, and the ability to place claims
and study findings in some kind of context and per-
spective. It’s hard work—but worth the effort. Risk
stories are important: They have the potential to
influence the health and lives of your readership, and
they are apt to be widely read!

WHERE DO RISK STORIES COME FROM?
Ideas for risk stories are generally derived from three
main sources: press releases, journal articles, and
presentations at scientific meetings. It is important to
distinguish among them. 

Press Releases 
Press releases are of highly variable quality. Some
are useful: a well-researched press release may do a
good job of explaining the methods by which a

6

Toxic: H a r m f u l ,
poisonous. A l l
chemicals or sub-
stances are toxic
under some con-
ditions and in
large enough
a m o u n t s .

R i s k : The possi-
bility of suff e r i n g
harm or adverse
e ffects. A c u t e
r i s k is the risk
from a single or
a few closely
spaced expo-
sures to an
a g e n t; chronic
risk is the risk
from exposure
over a significant
period of time;
l i f e t i m e r i s k is the
risk from expo-
sure to an agent
over an entire
l i f e t i m e — g e n e r-
ally assumed to
be 70 years.
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study’s investigators arrived at their conclusions, or
it may clarify scientific terms or concepts that are
difficult to understand. On the other hand, some
press releases are filled with errors, especially when
the writer attempts to “simplify” a study for lay audi-
ences, or when the release has not been reviewed by
the investigator on whose work it is based. 

Press releases often include quotes from a
researcher—but when you actually speak with that
person, you may find out that he or she was “per-
suaded” to make certain statements or to express
findings in a particular way. Press releases often give
a spin to a story aimed at portraying the research
institution, the company or organization that spon-
sored the study, or some other interested party in a
favorable light. 

So unless you know that the quotes in a press release
accurately portray the investigator’s thoughts, it’s
best to use them only to get an idea of what the per-
son might say in a interview or as launch pad for
interview questions—not as the sole source of quotes
for your story. The same is true for other secondary
sources—e.g., other news reports.

Journal Articles
Journal articles are also of variable quality, but they
usually have the advantage of having undergone at
least some form of peer review (see Chapter Two). In
the top-tier journals—e.g., The Lancet, The Journal
of the American Medical Association, and The New
England Journal of Medicine—the chances of the
article’s having undergone rigorous peer and editori-
al review are better than for some other journals. But
the fact that an article has been published in a top
journal does not mean that it is exempt from the crit-
ical assessment steps described in this handbook, or
that a journalist (or anyone) can take its findings as
automatically “true.” 

Peer Review:
Careful scientific
examination of
the data, meth-
odology, results,
and conclusions
of a study or set
of studies by
experts in the
area of the re-
search.

Evidence: Data
collected scientif-
ically. In risk
assessment, this
includes data
about exposures
and effects.
Effect data are
generally derived
from laboratory
studies or obser-
vations of human
populations.
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Meeting Presentations
Meeting presentations can be good sources of news
stories because researchers can present preliminary
findings from a long-term study, findings from a
small (pilot) study, or extended follow-up data from
studies that have been published in the scientific lit-
erature. On the other hand, even though meeting
abstracts are often published in journal supplements,
it is important to bear in mind that such abstracts
have not undergone peer review: No august body has
reviewed the methodology (see Chapter Two) and
results of the study to determine if they are scientifi-
cally sound, and no experts in the field have
reviewed the conclusions drawn from the study.

Sometimes a source from an earlier story, a
member of an advocacy group, or your

neighbor down the street will approach you with a
“hot tip”—a story idea that hasn’t been covered, or
allegedly hasn’t been covered properly, etc. Such
story tips should be assessed in the same way as any
other—even if the tip is presented as an exclusive or
a scoop. It is vital to have some facts, data, and per-
spective before forging ahead.

SHOULD YOU COVER THE STORY?
Sometimes you have no choice about whether or not
to cover a story; your editor says “cover this” and
you comply. At other times, you may be able to use
discretion and decide for yourself whether a story
merits covering. You might want to cover a story if it
is: something your audience would or should care
about; controversial, and either both sides of the
issue should be covered or one side is promoting
something potentially detrimental to public  health;
worthy of coverage because of its the public health
implications (e.g., the adverse effects of tobacco,
the basics of good nutrition); one that has received
extensive coverage, but there is new information or
critically important information that bears repeating

8

✓

Methodology:
The way in which
data are collect-
ed. Methodology
descriptions
include identifica-
tion of the study
subjects or spec-
imens, the
sources of the
agents being
tested, and the
techniques used
to assess expo-
sure or effect.
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(e.g., adverse effects of secondhand smoke, unsup-
ported health claims for herbal supplements).

There are other, mainly political or competitive rea-
sons, for covering a risk story: your editor likes the
topic; “everyone else” (i.e., your competitors) is cov-
ering it; it will make for a good headline (but be
aware that alarmist headlines are often inconsistent
with good journalism).

Journalists, like everybody else, are likely
to have opinions on risk topics. Be aware of your
personal views and prejudices, because they may
influence your coverage. If you have strong views on
a risk topic, for whatever reason, you are unlikely to
be able to report objectively on the topic. If this is the
case, you are better off refusing the assignment. If
you permit your opinions to color your coverage—
e.g., by slanting the story in a particular way, only
citing sources that support your view, or weaving
your opinions into the coverage—you stand to com-
promise your journalistic integrity. On the other
hand, your views may fit perfectly well into your
publication’s commentary or editorial section, and it
would be appropriate to propose an article for that
section.

✓
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Chapter One: GETTING STARTED

Writing a fair, accurate, comprehensible risk story isn’t
easy—especially when you’re on a tight deadline. In
fact, the tighter the deadline, the more tempting it is to
take shortcuts. This is fine, as long as shortcuts—press
releases, statements from other published stories, and
similar secondary sources—are used as adjuncts to, not
instead of, taking some basic steps to create your own,
authoritative story.

AP P R O A C H I N G STO R I E S A B O U T RI S K: BA S I C

ST E P S

Following these basic steps can help ensure that your
risk story—even on a tight deadline—will be accurate
and balanced.

• Whenever possible, get a copy of the study report
that is the basis for the claim of an increase or
decrease in risk. If the claim is based on a meeting
presentation, try to get a published abstract—or
ask your source whether an article on the subject is
“in press” in a journal (in which case, galleys or
the original manuscript may be available). Relying
solely on a presentation or interview without hav-
ing corroborating data is a risk in itself—for you. 

• Take your time reading the paper and make sure
you understand it before doing anything else. If
you think it has certain real-world implications,
note it, but don’t conclude that it does at this point.

• Take note of the affiliation of the study authors.
Are they university researchers? Are they advo-
cates with a strong position on the subject being
investigated? If the article is about the toxicity  of
a particular chemical, look at the disclosure state-
ment to see whether the producers of the chemical
sponsored the study or whether the author(s) are
paid advisors to such companies. This does not
necessarily mean the findings are questionable, b u t

Toxicity: T h e
inherent poten-
tial of a sub-
stance to have
adverse eff e c t s
in living organ-
i s m s . “Acute tox-
i c i t y ” refers to
adverse eff e c t s
that occur very
soon after a sin-
gle exposure or
small number of
closely spaced
exposures to a
toxic substance;
“chronic toxicity”
refers to adverse
e ffects that occur
after repeated
exposures over
a long period of
t i m e .
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it makes good sense to know—so that you are
aware of a possible bias.

• If stories on the findings have been published (e.g.,
by a wire service), read them to see what the study
authors are saying, to gauge their position, and to
see how other experts are responding. Don’t
assume that other stories are accurate, however, no
matter what the source.

• Interview with one or more of the study authors.
Ask him or her to summarize the methodology of
the study in 100 words or less, so that you can
write about it succinctly for your audience (and
also to clear up any misunderstandings you may
have). You can often get the investigator’s per-
spective, as well as background on the study, by
asking this kind of neutral question first.

Ask for bottom-line messages for your reader-
ship—such as implications for the community at
l a rge, implications for individuals who might be at
particular risk, and clinical messages for physi-
cians—in short, whatever is pertinent to your audi-
ence and related audiences. If you had a thought
when reading the article and the author doesn’t
raise this point, don’t hesitate to ask. You may be
o ff-base, or conversely, the author may have
assumed that the point was clear. 

Ask for context: What are other scientists saying
about this work? Is it the first study of its kind?
Does it corroborate or contrast with previous find-
ings? What is its overall importance in the field? 

• Use additional strategies, if necessary, to determine
what the scientific consensus is regarding a risk
claim. Contact professional associations or advo-
cacy groups for perspective. Such org a n i z a t i o n s
will generally tell you what they and others think
of a particular risk or risk reduction intervention.

12
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• Get at least one independent comment, especially
if the topic is controversial (in fact, you may not be
aware that a topic is controversial u n t i l you get an
independent comment). Start with the points the
study author considers the main messages. 

UNCOVERING A RISK STORY ON YOUR OWN:
BASIC STEPS

Investigative journalism has its own special skills and
requirements, which are beyond the scope of this hand-
book. But even if you are not an investigative journalist,
there may be times when you are approached with a risk
story tip from a respected source, or you read a murky-

• Tape-record interviews whenever possible (state laws vary
on whether or not you must get permission from the inter-
viewee). This will help ensure that your quotes are accurate
(it’s amazing how quickly our memories can fail us or dis-
tort what a source says). Replaying the tape can also remind
you of terms or points you may not have understood during
the interview—but which came up when you didn’t want to
break the “flow” to ask for clarification (and you forgot to
ask afterwards!).

• Don’t be afraid to ask questions when you don’t understand
what is being said. Some journalists feel they must come
across as experts in the area they’re writing about, but if
you cover a wide range of topics, it’s impossible to know it
all. It’s better to tell your source that you need context or
background or clarification and go from there. 

• If your source uses an acronym, ask what it stands for. The
same acronyms mean different things to different people
(e.g., “ACS” stands for “American Cancer Society” and
also “American College of Surgeons”). Do the same for
technical terms that you and your readers may not under-
stand (e.g., “snips,” which are really SNPs—single
nucleotide polymorphisms).
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sounding story and decide to investigate further on your
own. For example, you may hear that scientists have not
been able to duplicate the results of a well-publicized
study that reported a significant risk associated with a
chemical exposure.

How do you know whether a story deserves covering?
The steps are similar to those described above, but the
order in which you take them is apt to diff e r.

• Get context. Before going any further, see what
other people in the field are saying about the tip. If,
for example, other scientists have also heard about
the reproducibility problem, the story is probably
worth pursuing.

• If the story still seems plausible, get more details
from your main source. If you’re starting fresh on
the trail of a story because the subject interests you,
track down an appropriate source. For example, if
you hear of a suspicious-sounding alleged cure for
c a n c e r, such as Bi oResonance Therapy (BRT ) ,
which purportedly enlivens defective genes through
oscillations, you might contact the American Cancer
Society for comment. 

• Ask yourself again whether you are pursuing a
viable story. In the BRTexample, if everyone is say-
ing it is worthless and there is no suggestion that
anyone is promoting it, there is nothing to worry
about for now and thus no story. But if the BRT
promoters have set up a new web site, for instance,
you may have a reason to investigate—and a worth-
while story.

• F i n a l l y, take the steps outlined in the section on
working on assignment—read any published stud-
ies critically, get a sense of the scientific consensus,
and interview independent sources.

14

Exposure:
Coming into con-
tact with an
agent. Acute
exposure occurs
when a person
comes into con-
tact with a single
dose or a small
number of doses
of the agent over
a short period of
time, such as
one day. Chronic
exposure occurs
when a person
receives repeat-
ed doses over a
long period of
time, e.g., years.
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PART 2: REALITY CHECKS
Chapter Two: ASSESSING THE 

EVIDENCE

Not everything represented as science is science—
and not all decisions by scientific or regulatory bod-
ies are based on scientific evidence. Risk manage-
ment considerations are based only partially on sci-
ence. For example, a maximum allowable level of
1.0 ppm (parts per million) of an agent in drinking
water sounds scientific because it is a precise num-
ber, but it is essentially a regulatory value that has
been set partly on the basis of scientific findings and
partly on the basis of assumptions about managing
risk. Two such assumptions are that any effect seen in
animals will also be seen in humans and that high
dose studies in animals are relevant to low dose envi-
ronmental exposures.

To distinguish good from bad or mediocre evidence
or studies, journalists must make judgments about the
validity of research findings; that is, they must evalu-
ate how well the scientific work has been done and
whether the findings have been interpreted properly.
In most cases, this does not mean you have to be a sci-
entific expert; often, you can make reasonable quali-
tative judgments with a modest understanding of how
scientists assess validity (the confidence they have
that the study’s findings are accurate and free of dis-
tortion) and with a list of pertinent questions to ask.

VALIDITY: A CLOSER LOOK AT THE EVIDENCE

An evaluation of a study’s validity depends on sever-
al factors, including how and where the study was
done; whether the authors accounted for common
sources of distortion—bias (on the part of the inves-
tigators or the subjects), confounders (variables asso-
ciated with the factor under investigation that can

Risk Management:
The steps under-
taken to reduce
or eliminate
risks. This may
be accomplished
either by control-
ling the source
of the risk (e.g.,
limiting emis-
sions from an
industrial source)
or changing
behavior (e.g.,
issuing a fish
consumption
advisory).

Validity: Degree
of confidence
that the conclu-
sions from a sci-
entific study are
accurate (i.e.,
are not due to
chance, bias,
confounders, and
other causes of
distortion).



Laboratory Study:
Astudy done in
test tubes ( i n
v i t r o ) or in
a n i m a l s
(in vivo).
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influence the outcome of interest), chance; and
whether the design is such that it can be duplicated
independently by other scientists.

Type of Evidence 
Your evaluation of validity depends at least in part on
the type of study on which the risk claim is based.
The type of evidence largely determines how the
findings may be generalized (to a human population,
for example). Three main types of studies are used to
assess risk. Laboratory animal studies assess the
risks and/or benefits of a given agent in animal mod-
els; epidemiological studies show trends or possible
associations between a given agent and health out-
comes in human populations; and clinical trials
assess the risks and/or benefits of a drug or another
intervention in people. In vitro (test tube) studies are
also used to evaluate the effects of exposure to a sus-
pect agent on human or animal cells.

Quality of Evidence
Generally, publication in a peer-reviewed journal
indicates that the evidence in a study meets scientif-
ic standards. In effect, by accepting the article for
publication, the reviewers and journal editors have
done much of the work for you in assuring the valid-
ity of the study. But peer review is not infallible. Not
all journals have high standards; sometimes the best
reviewers are not available; and sometimes the
reviewers overlook important problems with a study
because of time constraints.

The viewpoints of peer reviewers may also reflect
the bias of those who select them. For example, the
Natural Resources Defense Council (NRDC) report
on the agricultural chemical Alar (“Intolerable Risk:
Pesticides in our Children’s Food,” NRDC, February
1989) was said to have been “peer-reviewed,” but it
was never subjected to independent scientific review
and has never been published in a reputable scientif-
ic journal. The authors claimed that the use of Alar

Bias: A factor or
process that sys-
tematically dis-
torts the collec-
tion or analysis
of study results.
An example is
“recall bias”—

Confounder: A
factor that can
distort the results
of the study
because it is
related both to
the exposure a n d
to the eff e c t s—
e.g., secondhand
cigarette smoke
may be a con-
founder in stud-
ies of the effects
of an environ-
mental contami-
nant on child-
hood asthma.

people who have
diseases may be
more likely to
report real or
imagined expo-
sures to the
study agent than
are those who
are disease-free.
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Epidemiological
Study: A study
of the patterns of
human disease
and the factors
that are associat-
ed with specific
diseases.

on apples was causing cancer in children, but the
group’s conclusions were later discredited by the
broader scientific community. Also, advocacy groups
are not bound to accept the conclusions of peer
reviewers and may cite only those opinions that sup-
port their conclusions. Thus, all peer reviews are not
created equal.

Dose Response
A fundamental principle of toxicology is that there
must be a clear relationship between the amount of
exposure to a given substance and the degree of
effect. Simply put, this means that if a low exposure
to an agent produces slight effects, a higher exposure
will produce greater effects. For example, one aspirin
may only partially relieve a headache while two
aspirins (twice the dose) will relieve it completely.
Or the fumes from paint may not bother you until
you have been exposed for several hours, at which
point they may make you feel lightheaded; in this
case, the total dose in your body increases over time
because your body rids itself of the chemicals in the
fumes more slowly than you breathe them in. 

Since this concept is so basic, you might think it
would be a requirement for the evaluation of a toxic-
ity study. Regrettably, this is not the case. In some
instances, an agent causes no effect as exposure
increases and only produces an effect when a very
high level of exposure is reached. An example is the
sweetener saccharin, which showed no toxicity until a
very large amount was administered to experimental
animals. Nonetheless, the high-dose results were used
to attempt to discredit the safety of this sweetener.

Why should dose response be considered in an eval-
uation of the evidence? For one thing, it may suggest
that there is no solid basis for a claim that exposure
to an agent is related to toxic effects. Suppose, for
example, that at very high exposures, a contaminant
present in tiny amounts in a particular agent reaches

Clinical Tr i a l : A
study in humans
that assesses the
e fficacy and safe-
ty of a specific
intervention or
treatment on a
disease or other
health-related out-
come. Generally,
patients are ran-
domly assigned to
receive the study
treatment or
another treatment,
or a placebo, and
are followed over
a period of time. 

Dose Response:
The relationship
between expo-
sure to an agent
and the occur-
rence of an
effect. Generally,
the higher the
dose, the greater
the response.
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significant levels and causes toxicity.

Or perhaps something happens to change the chemi-
cal or physical properties of a substance at very high
doses, and this change—rather than the agent
itself—is responsible for the effect. In the case of
saccharin, studies suggest that at high doses, the
sweetener formed crystals instead of staying dis-
solved. The crystals may have caused the toxicity. At
the very least, you should question the generalizabil-
ity of high exposure results to lower exposures if no
dose response has been shown. There is generally a
threshold of exposure below which effects do not
occur.

Weight of Evidence
An important principle to keep in mind is that the
validity of individual scientific studies cannot be
considered in isolation. Each piece of research is part
of a larger picture that includes other studies—some
of which duplicate part of the current work, show
effects of the same agent on other species, demon-
strate the effects in test tube experiments, and so on.
Generally, the pieces fit before scientists are confi-
dent of their conclusions. Thus, the validity of one
study result is intertwined with the validity of others.
For example, the conclusion that the organophos-
phate (OP) pesticide fonofos affects the nervous sys-
tem in particular ways is based on studies of fonofos
in a variety of laboratory animals, studies of other
OPs in laboratory animals, and human experience
with fonofos and other OPs.

Generally, in the introduction or the background sec-
tion of published reports, researchers will describe
the context of their work by discussing earlier stud-
ies that led to theirs and by showing how their study
fits into the larger picture. Areas of agreement and
controversy are often covered in the article’s discus-
sion section. It helps to read these sections for context,
and to obtain selected references for more details.

Association:
R e l a t i o n s h i p
between an expo-
sure and a health
e ffect—e.g., bet-
ween exposure to
sunlight and skin
c a n c e r. A s s o c i -
ation is not the 
same as causa-
tion. A s s o c i a t i o n s
can be positive or
negative. For
example, a posi-
tive association
exists between
cigarette smoking
and lung cancer.
Anegative asso-
ciation exists bet-
ween the use of
seat belts and
deaths from car
c r a s h e s .

Clinical Tr i a l
(continued):
Findings from the
d i fferent study
groups are then
compared to
assess the eff e c t s
of the intervention.
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When results of individual studies reinforce, or are at
least consistent with, others, it is easier to have con-
fidence in the validity of the individual studies. On
the other hand, if 10 well-designed studies give one
result, and one study gives the opposite result, it is
likely the lone study has not been done properly or is
in some way fundamentally different from the others.

A single study that gives results contrary to a larg e r
body of evidence should not in itself significantly
shake your confidence in the validity of the other
studies. While it is always tempting to champion the
underdog—i.e., the person who has contrary
results—especially if that individual is persuasive or
claims to be persecuted by the scientific community,
it is better to report the consensus opinion unless a
body of published work supports an alternative
v i e w.

Of course, there are cases in which scientists obtain
varying and conflicting results and no clear pattern
emerges. For example, recent findings call into ques-
tion studies whose findings suggested that dietary
fiber reduces the risk of colon cancer. To report the
current picture, it is important to talk to scientists on
both sides and to present their views in support of
one conclusion or the other.

How Does the Agent Produce an Effect?
In general, you can have more confidence in a
study’s results if there is an accepted explanation of
how the results came about (i.e., mechanism of
action). For example, mechanistic studies of fonofos
show that the pesticide interferes with an enzyme
critical for the proper conduction of nerve impulses.
This finding would reinforce the validity of a study
whose claim is that fonofos adversely affects the
nervous system. But if other research had shown that
fonofos is rapidly broken down into its metabolites
and is quickly eliminated from the body, you might
be more skeptical about the validity of the study

Mechanistic
Studies:
Investigations to
determine how a
particular effect
is produced.
These include
studies of how
chemicals are
absorbed into
the body,
changed in the
body, distributed
throughout the
body, excreted
from the body,
and stored in the
body, and how
they have toxic
or beneficial
effects.
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showing that the pesticide is harmful.

It is important to note that information about what
happens to a particular agent once it enters living
beings is often not available. However, information
on a similar chemical could provide some indication
of whether the hypothesis for a mechanism of action
makes sense. For example, studies on the organo-
phosphate pesticide chlorpyrifos could help explain
the presumed mechanism of action of a related pesti-
cide—but not necessarily; in this situation, an
expert’s evaluation can be helpful.

Also be aware that a given agent may not work the
same way—quantitatively or qualitatively—in dif-
ferent species (see Chapter Four for details). This is
a critical consideration when assessing the generaliz-
ability to humans of studies of a particular agent
based solely on animal experiments, and it has an
impact on risk claims. Sometimes scientists are well
aware of differences between an animal species and
humans and might take advantage of them. For
example, because insects break down certain OP
insecticides in a way different from that of humans,
these insecticides can be used to kill insects without
harming people.
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Chapter Three: ASSESSING 
APPLICABILITY TO
THE REAL WORLD

Once you’ve assessed the evidence, you will want to
tell your readers what the results mean in a real-life
situation—e.g., when persons are exposed to a sus-
pect agent in their food. This requires an understand-
ing of how relevance—the applicability of scientific
findings to the real world—is assessed, and knowl-
edge of the right questions to ask scientists. 

The assessment of applicability is often overlooked
because the idea that something is “toxic” is equated
with the conclusion that the substance is a “risk” to
people. An example is the oft-repeated phrase that
“dioxin is the most toxic manmade chemical,” im-
plying that it carries the most risk to people. The fal-
lacy in this logic stems from the most fundamental
principle of toxicology: Everything is toxic under
certain conditions. All agents will cause toxic effects
if exposures are high enough—including substances
essential to life, such as oxygen and water. Even the
most toxic agent will cause no harm if exposure lev-
els are low enough. So while dioxin may be a highly
toxic chemical, if your exposure to it is minimal, it is
unlikely to pose a risk to your health. 

In assessing the applicability of a study’s findings to
the real world, it is important to identify the situation
in which the study’s findings are being applied. If a
chemical in paint is said to be a health risk, who is
being exposed? Artists who use paints daily?
Workers in a factory where appropriate health pre-
cautions are not being taken? Inner city children liv-
ing in dilapidated housing conditions? Such informa-
tion is often absent from risk claims. 

Relevance: The
extent to which
toxicity findings
from laboratory,
epidemiological,
or clinical studies
are applicable to
people living in
the real world.
Studies done
under unrealistic
conditions—e.g.,
in which animals
are exposed to
extremely high
doses of an
agent—may not
be relevant to
people exposed
to low environ-
mental levels of
the same agent.
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COMPARATIVE DOSE/EXPOSURE

How do the amount, duration, and frequency of
exposure to people in a real risk situation compare
with the exposures in the scientific studies on which
the risk evaluation is based? In animal studies, such
exposures generally are much greater for all parame-
ters—amount, duration, and frequency—than expo-
sures in people. For example, in the case of saccha-
rin, it is estimated that a human would have to drink
hundreds of cans of diet soda daily for a lifetime to
obtain the amount of saccharin harmful to rodents.
Even in epidemiological studies (see Chapter Five),
the study population often is not representative of the
general population but instead consists of selected
individuals—e.g., those who were highly exposed to
a chemical while working in a factory. For example,
estimates of the risk of lung cancer from indoor
radon exposure are based on studies of miners whose
exposure was much greater than that of people living
in their homes.

The U.S. Environmental Protection
Agency (EPA) approaches risk assessment

by assuming that, while experimental and real expo-
sures are very different, the results of experimental
studies can be used to estimate effects in people
exposed to lower levels of a chemical. This assump-
tion makes it especially important to determine (1)
the relevance of animal studies to humans and/or
the relevance of epidemiological studies to people
in the real situation; and (2) the relevance of high,
lengthy, and frequent exposures in animals to the
real-life situation of exposed people in the commu-
nity.

MAGNITUDE OF RISK

Risks generally are described in two different ways.
Cancer risks are typically reported as the number of

✓

Risk A s s e s s m e n t :
The process that
estimates the
type and magni-
tude of risk to
human health,
wildlife, or the
environment
posed by expo-
sures to haz-
ardous agents.

Magnitude of
Risk: A q u a n t i t a-
tive estimate of
the degree of risk
associated with a
specific expo-
sure—e.g., one
additional case of
cancer in one
million exposed
i n d i v i d u a l s .
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additional cancers that would occur per million
exposed individuals. By contrast, exposures to an
agent associated with a non-cancer health risk are
usually described as safe or unsafe—more of a value
judgment than an actual risk value. Value judgments,
of “acceptable” or “unacceptable,” are also used to
describe a cancer risk. For example, if exposure to a
given agent leads to an additional cancer risk of more
than one in a million, the risk might be labeled unac-
ceptable. The “safe” and “acceptable” levels are
established by government agencies; in the United
States, the EPA is the source of most of these num-
bers.

Using value judgments such as “safe” or “unsafe”
and “acceptable” or “unacceptable” allows regula-
tors to state that specific actions must be taken when
“safe” or “acceptable” exposure levels are exceeded.
But this approach cannot provide absolute risk lev-
els. For example, if your story involves a comparison
of measured ozone levels and ambient air standards,
it is logical to ask how much risk is incurred when
the “safe” level is exceeded. But that question has no
answer because a “safe” level is not a risk value. The
best you can get is a comparative answer—that is,
the more the concentration of ozone or some other
agent exceeds the “safe” value, the more likely it is
to lead to adverse effects. This is a reasonable
response when the story deals with a specific agent.

It is important to bear in mind, however, that “safe”
levels are determined uniquely for each agent and are
not generalizable to other agents—even for the same
type of agent. Thus, if the safe level of agent A is
exceeded by a factor of three, this does not necessar-
ily mean that it causes more harm than does agent B,
whose concentrations are only twice the “safe” level.
A recent Consumers Union report (“Do You Know
What You Are Eating?” Consumers Union, February
1999) on pesticides in foods ignores this problem. Its
authors assess relative risk on the basis of compar-

“Safe” Value:
A quantitative
estimate of the
amount of a non-
carcinogenic
substance a per-
son can con-
sume without
incurring appre-
ciable risk; expo-
sures above the
“safe” value do
not necessarily
result in adverse
effects.
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isons among “safe” levels of a large number of pes-
ticides in a variety of foods—which is akin to com-
paring apples and oranges.

With respect to cancer, you can get an answer to your
question about the amount of increased risk because
the assessment usually provides a numerical risk esti-
mate—e.g., one in a million. Assuming that this is a
valid number (and we will see shortly that this is not
very likely), one could reasonably claim that, because
the measured environmental level of a given agent is
twice the acceptable risk level, two additional persons
in a million will get cancer from the exposure—per-
sons who would not have developed cancer otherwise.

But before you can truly gauge the impact of an
exposure, you need to ask a simple question: How
many people have been or are likely to be exposed?
If, for example, only 100 people are exposed, then it
is extremely unlikely there will be one additional
case of cancer, much less two, since one in one mil-
lion people is the same as 0.0001 person in a hun-
dred. This distorted type of claim is often associated
with risk claims about hazardous waste sites, which
generally are located in areas of low population den-
sity.

Knowing how many people are likely to be exposed
is especially important when comparing two differ-
ent risk situations in which different numbers of peo-
ple are exposed. For example, quadrupling the risk in
a small population living near a contaminant source
such as a hazardous waste site may not affect anyone;
but increasing the risk from an indoor contaminant
by a much smaller amount—say, 25 percent—may
affect a huge number of people if most of the popu-
lation is exposed to the contaminant.

THE PRECAUTIONARY PRINCIPLE

When interviewing people about a risk claim, you
may be told of the importance of the “Precautionary

Hazard: The
potential of an
agent to cause
an adverse
effect under
specific circum-
stances.
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Principle” in interpreting evidence. The principle
basically says that when information about risk is
uncertain, it is prudent to assume the worst and aim
for zero risk. The implication is that following the
principle will always lead to greater protection of the
public’s health. While such “prudence” sounds good
on the surface, closer examination reveals that sim-
ple-minded application of the principle may lead to
adverse public health consequences. 

Following the precautionary principle may, for
example, lead communities to act on information
that has not been scientifically validated (if it were
validated, the information wouldn’t be “uncertain”—
and the principle would not be needed). A possible
negative impact of such action could be the unneces-
sary removal from use of a product beneficial to pub-
lic health. A tragic example occurred in Peru in 1991,
when chlorination of drinking water was discontin-
ued because of fear of cancer from chlorination by-
products. This resulted in a widespread cholera epi-
demic.

Another potential negative impact is the expenditure
of large amounts of public health resources to correct
a problem of limited or negligible impact, with a
concomitant reduction of funding for more valuable
public health measures. For example, vast amounts
of resources have been devoted to cleaning up lead at
hazardous waste sites, while much more significant
sources of lead exposure—apartment paint and soil
in urban areas—have received less attention. 

REVERSE ONUS

A complementary argument often put forth by those
who support the Precautionary Principle is that it is
not the responsibility of those making risk claims to
prove the validity of the claims; rather, it is up to
those who deny the claims to prove that they could
not be true. The “reverse onus” argument has popu-
lar appeal because often the individuals making risk

The Precautionary
Principle: The
premise that
actions should
be taken to
reduce or elimi-
nate a hazard
even if there is
little credible evi-
dence that a sig-
nificant risk
exists, as a pre-
caution against
potential risk.

Reverse Onus:
Placing on those
who claim an
agent is safe the
onus of proving
that it will not
have adverse
effects under any
circumstances.
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claims are members of environmental safety groups,
while those who produce the suspect agent are indus-
trialists. Yet the fact remains that products generally
undergo rigorous testing before coming to market
and must meet at least the minimum safety standards
set by regulatory bodies. This does not ensure that
they will be absolutely safe for every person in every
situation, but it would be impossible to hold manu-
facturers to absolute standards and expect that new
products would be produced. In fact, it is impossible
to prove absolute safety for any agent, natural or syn-
thetic, since all may cause harm under some circum-
stances.

PUTTING RISK INTO CONTEXT

Context is critical in situations where individuals
may be exposed to a potentially toxic agent from
more than one source. Say, people living near an
incinerator (or near the prospective site of one) are
concerned about their risk of cancer from exposure
to benzene, which the incinerator emits. This may
be only part of the story. The same agent may be
found in indoor air, and indoor exposure levels
could be much greater than the outdoor exposure,
especially if people are exposed all day, every day. 

Benzene is also a component of tobacco smoke,
and in homes where someone smokes cigarettes,
this is the primary source of indoor exposure.
Petroleum products also emit benzene; thus,
household products that contain petroleum distil-
lates as a solvent, or gasoline or automotive prod-
ucts in an attached garage, can also increase
indoor exposures to benzene. Since the risk from
indoor exposure may be many times greater than
the risk posed by the incinerator, reducing inciner-
ator emissions would have very little impact on
risk, while reducing exposure in the home could
have a substantial impact. It might be important to
point that out. 

Natural:
Occurring in
nature. Natural
substances may
show a wide
range of toxici-
ties.

Synthetic: Not
natural; formed
through human
intervention.
Generally refers
to compounds
made in the lab-
oratory. Synthetic
substances may
show a wide
range of toxici-
ties.
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Comparisons to other cancer risks might also give
the reader more perspective on what the risk val-
ues associated with the incinerator mean. For
example, how does the increase in risk from expo-
sure to benzene compare to the risk from exposure
to second-hand smoke or to diesel-exhaust parti-
c l e s ?

A common misperception among layper-
sons is that natural agents are less toxic

than synthetic agents. One argument put forth in sup-
port of this contention is that natural chemicals, such
as those found in plants and food, have been around
for a long time and that human beings have adapted
to them. Synthetic chemicals, on the other hand, are
new, and thus more dangerous. This argument may
appear sensible, but it is ill-founded, because it does
not take into account at least two important consid-
erations.

The first consideration is the principle that “the dose
makes the poison.” Sufficiently large doses of any
substance can prove to be harmful. The second con-
sideration is the scientific evidence that has been col-
lected. The results of standard toxicological tests
demonstrate that natural and synthetic agents show
the same range of toxicities. For example, botulinum
toxin, produced naturally by a bacterium, is general-
ly considered the most acutely toxic agent known.
Even tiny doses can be deadly. In contrast, high
doses of sugar, another natural agent, are required to
produce adverse effects. Similarly, dioxin, a contam-
inant produced during certain industrial operations,
is acutely toxic. But another industrial byproduct,
sodium sulfate, has low toxicity. The comparative
toxicities of natural and synthetic agents hold for
both carcinogenic and noncarcinogenic effects.

Any agent, whether natural or synthetic, must be

Carcinogenic:
Capable of caus-
ing cancer.

✓
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evaluated individually, and on the basic of appropri-
ate laboratory and human investigations, to deter-
mine how great a risk, if any, it poses to human
health. It can be dangerous to assume that natural
substances are inherently safer than synthetic ones.
For example, some people have risked their health—
and lives—by abandoning established therapies
based on synthetic drugs and relying instead on
alleged “natural” remedies. Others have poisoned
themselves by ingesting large amounts of “natural”
supplements in the mistaken belief that natural sub-
stances are safe in any amount.
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PART THREE: IN THE 
TRENCHES

Chapter Four: INTERPRETING RISK 
BASED ON 
LABORATORY
ANIMAL STUDIES

BACKGROUND

Claims of adverse health effects from an environ-
mental agent usually are based on risk assessment
numbers calculated from studies done on rodents. As
noted in Chapter Two, such studies generally involve
daily exposures over a long period of time to a single
agent at levels much higher than those found in the
environment (e.g., food or water) or in products
made for human consumption.

Two types of toxicity values are generated from such
studies: (1) a potency value for agents that cause can-
cer and (2) a “safe” value for noncarcinogenic
agents. These toxicity values are used to manage the
risk—for example, by establishing a maximum con-
taminant level (MCL) in drinking water. Because the
aim is to be protective, these values do not represent
scientists’ best estimates of cancer potencies or safe
levels; rather, they are “prudent” values that include
margins of safety. Thus, risk values are based both on
science and on policy considerations.

THE CLAIM

You receive a press release stating that agent X, a
grain contaminant also found in children’s breakfast
cereal, has been shown to cause cancer in laboratory
animals. The release further claims that a risk assess-
ment, conducted according to EPA guidelines, shows
that the presence of agent X will result in a doubling
of the incidence of childhood cancers; thus, agent
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X—and cereals that contain it—should be removed
from the market. As is often the case, the actual can-
cer potency value is not presented in the press
release; instead, the risk—a combined measure of
the potency of an agent and the exposure to that
agent—is provided.

HOW TO APPROACH THE STORY

How do you reach a conclusion regarding the risk of
agent X and the applicability of the study findings to
children who eat commercial breakfast cereals? As
you follow the basic steps outlined in Chapter One—
reading the article, interviewing a study author, get-
ting independent comments—keep these questions
and points in mind:

• What type(s) of cancer were found in the ani-
mals and what type(s) of cancers do the authors
suggest are increasing in the children? There are
many different types of cancer, each with multi-
ple causes involving genes, lifestyle, and other
environmental factors.

• Who would be affected? All children, or only
those who eat a particular type or amount of
cereal? 

• Was the study published in a peer-reviewed jour-
nal—or in a peer-reviewed report generated by a
special interest group?

• How was the study conducted? How many
species were tested? How often were animals
given agent X? What doses were used? What
e ffects were seen, and was there a dose
response? Were results the same for male and
female animals? Were several species affected or
only one?

• How long has the substance been in commer-
cial use? Have any human studies suggested a

Cancer Potency
Value: A quanti-
tative measure of
cancer risk de-
rived from apply-
ing the linearized
multistage (LMS)
model (see page
35). It describes
how cancer risk
varies according
to dose.
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risk of disease?

DIGGING DEEPER: ASSESSING THE EVIDENCE

Let’s assume that agent X was given daily by injec-
tion to an animal over its lifetime, and that the agent
was given at doses one thousand times higher than
the doses humans typically get. This is a likely sce-
nario, since EPA guidelines suggest evaluation of
toxicity at doses near the maximum that an animal
can tolerate—known as the maximum tolerated dose
(MTD). Let’s also assume that the results showed a
dose response for bone cancer in male rats, but not in
female rats, suggesting that the applicability of the
study may be limited. 

• How well does the study fit with related scientif-
ic research? What other studies have investigat-
ed (1) the cancer-causing potential of agent X or
related compounds; and (2) the mechanism by
which it causes cancer?

It may well be that no other studies of agent X have
been done. If so, the evidence is quite weak; only one
species has been studied, and the effects were gen-
der-specific. Perhaps studies have also been done in
mice—but these did not show any cancer in either
sex. Such an inconsistency of findings would also
suggest weakness in the evidence, and it would raise
serious doubts about the study’s generalizability to
humans. On the other hand, if results in rats and mice
are similar, they reinforce each other and add to the
overall validity of the individual studies.

• What happens at lower doses? 

If studies have shown that agent X is easily eliminat-
ed from the body at low but not at high doses, this
suggests that the validity of the rodent studies may be
limited to high dose exposures.

• How does agent X cause cancer? 
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Suppose it works by interacting with calcium accu-
mulation in cells and that there is a threshold for this
effect—i.e., no changes result from increasing expo-
sures until a certain dose level is reached. This would
support the validity of the rat study in one way—
namely, it would be plausible that effects on these
cells could be linked to occurrence of bone cancer.
But the threshold phenomenon suggests that the
validity of the results is limited to high dose expo-
sures.

If, on the other hand, agent X causes bone cancer
indirectly, by a mechanism that requires repeated
exposures over long periods of time, the validity of
the study may be limited to situations of continual,
long-term exposure.

A mathematical model, the linearized mul-
tistage (LMS) model, is used to extrapolate from
high dose data what might happen at lower doses.
The formula assumes that high dose data alone can
be used to predict what will happen at low doses and
also that cancer can result from exposure to even a
single molecule of the agent. But if studies have
shown that high and low doses of agent X do not
have similar effects, or that there is a threshold below
which effects will not occur, or that many exposures
(rather than exposure to a single molecule) are
required to cause cancer, this standard formula will
not give a valid estimate of the potency of agent X;
it may underestimate or overestimate its potency,
depending on what happens in real-life situations. 

DIGGING DEEPER: APPLICABILITY TO THE

REAL WORLD

How do exposures to agent X in the experimental
animals compare with those of children? Two dif-
ferent types of information are needed to answer

✓
Linearized

Multistage
(LMS) Model:
A mathematical
model used to
estimate the car-
cinogenic poten-
cy of specific
agents. The LMS
model is based
on data collected
from giving ani-
mals very high
doses of an
agent over their
lifetime. This is
not a biological
model; it does
not include any
consideration of
the mechanisms
involved in can-
cer formation.
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this question: (1) how much exposure do children
have to agent X and how does the magnitude of this
exposure compare to the magnitude of laboratory
a n i m a l s ’ exposures? (2) How applicable is the in-
formation gathered in animal experiments to chil-
d r e n ?

Since not all cereals have been tested for agent X and
the dietary habits of children are quite variable, the
study authors’ conclusions about exposures will be
based on several assumptions. You can ferret out
these assumptions in the article and by asking appro-
priate questions in the interview with the author.

The authors may have assumed that each child: (1)
ate cereals containing the highest level of agent X
measured in any sample of any cereal; (2) ate cereals
at the highest consumption rate (amount of cereal per
day) of any child surveyed; and/or (3) ate cereals for
the highest number of years of any child surveyed. If
this is the case, ask how the conclusions might differ
if other assumptions were made—i.e., an average
contamination level and average amounts and dura-
tions of consumption. It would be useful to find out
whether contaminant levels or cereal consumption
have been increasing or decreasing in recent years.
Since cancer in the animals resulted from exposures
over a lifetime—not just during childhood—it is
expected that, for humans, high levels of exposures
over a number of years would also be required to
cause this effect.

The route of exposure should also be considered. For
example, suppose the animals were exposed to agent
X by injection? How does this compare with children
ingesting agent X? Different routes of exposure can
lead to very different body levels and thus, different
severities or types of effects. If agent X is ingested,
not only is it unlikely that all of it will be absorbed
into the bloodstream; it is also unlikely that absorp-
tion will be immediate. If it is injected into the blood-
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stream, all of it gets there immediately. In general,
assuming that these two routes of exposure are
equivalent would lead to an overestimation of toxic-
ity.

Other important questions include the following.

• In reaching their conclusions, how did the
authors account for the differences between their
assumptions and real-world conditions?

As noted earlier, not only the amount, but also the
frequency and duration of exposure, are likely to be
much lower in people than in experimental animals.
The animals received the same amount of agent X
every day for a lifetime; this is unlikely to be the case
for people. And, since cereal comes from grains
grown in various places, contaminant levels are
unlikely to be uniform from box to box, much less
from brand to brand. 

Even in the extremely unlikely event that a particu-
lar child always eats the same brand of cereal made
from grain from just one location, contaminant lev-
els would undoubtedly vary over time. In fact, chil-
dren don’t eat exactly the same amount of cereal
every day; they do not eat cereal every day, much
less the same cereal every day throughout child-
hood. 

• Is what happens to agent X in an animal’s body
the same as what happens in a child’s body?

The standard EPA assumption is that anything that
happens in experimental animals will also happen in
humans. But this is not necessarily so. Experimental
animals may respond differently from humans, espe-
cially at varying doses. The chemical breakdown
pathway may lead to different byproducts in rodents
compared with people. If the rodent byproduct alone
is linked to cancer, the experimental studies are not
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directly relevant to children eating cereal. Interviews
with scientists can help you decide how much weight
to give to this type of evidence.

ROUNDING OUT THE STORY

• How serious is the risk?

Once you’ve done your groundwork, it’s important
to put the childhood cancer risk from agent X in per-
spective. For example, how many cases of bone can-
cer in children occur from all causes? If the total
number of cancers is small, even a large increase in
the percentage of such cases may reflect additional
cancers in very few children. Or the alleged increased
risk from exposure to agent X may be small. Either
way, agent X is unlikely to have a major impact on
overall cancer rates for children.

• What is the public health message? 

Certainly, any increased risk of cancer in children, no
matter how small, should not be ignored; but the
costs involved in gaining a small public health bene-
fit must also be taken into account. Could the steps
needed to reduce or eliminate agent X from cereal
also have public health implications? For example, if
agent X is a pesticide, and the decision is to ban it—
might another pesticide, with risks of its own, replace
it? Even if the other pesticide, or a non-chemical
alternative, is not directly associated with health
risks, might it be less effective than agent X, and thus
lead to an increase in the amounts of natural toxi-
cants remaining in the cereal? Would these bring
additional risks?

Even if the alternatives are risk-free and equally
effective, they might be more expensive. Would the
cost of cereal increase to the point that many families
couldn’t afford it? Would breakfast then become less
nutritious? How would this impact the public’s
health?
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Furthermore, it is vital to determine whether agent X
also occurs elsewhere—e.g., other foods, environ-
mental tobacco smoke—and whether exposures
from these other sources are greater or less than
exposure from the cereal. Even if other exposures
exist, it doesn’t mean that a cancer risk from cereal is
acceptable—but it should be factored into informa-
tion used by parents and health officials in determin-
ing priorities for cancer protection for children. 

By now, it should be clear that risk assessment sto-
ries and their implications are quite complicated and
could have far-reaching ramifications. Although the
issues may seem simple on the surface, they rarely
are—if they were, there would be no “story,” since
everyone would be in agreement about what the
studies mean and what to do about them.

Applying this Approach to Noncarcinogenic
Chemicals
Because so many people fear getting cancer, many of
the risk stories you are called upon to cover pertain
to risks of cancer. But non-cancer effects—e.g., birth
defects or nerve damage—are also of concern.

Certain differences between cancer-related and non–
cancer-related claims make the detailed evaluation of
evidence and applicability somewhat different. As
noted in Chapter Three, claims about noncarcino-
genic chemicals are based on “safe” daily exposures
rather than on potency numbers. Thus, this type of
claim would not describe the number of additional
people who would be harmed by the effect; rather,
the claim would be that the “safe” exposure level for
a given agent had been exceeded, and so an unto-
ward effect might be expected to occur in some
unquantifiable number of people.

“Safe” exposure levels for various substances have
been developed by the EPA and other government
agencies. The EPA refers to the safe exposure level
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for a substance as the “reference dose” (RfD), while
most other agencies use a more descriptive term,
“Acceptable Daily Intake” (ADI). The highest dose
that causes no adverse effect in experimental animals
is used as the starting point for the development of
the “safe” exposure level. This “no-effect” value is
divided by at least 100, on the basis of two assump-
tions: (1) that humans are always more sensitive than
experimental animals to environmental agents; and
(2) that sensitivities vary much more among humans
than among laboratory animals.

Here again, information about how a particular agent
produces its effects can help you determine the valid-
ity of the first assumption and the degree of confi-
dence you can have in the validity of the “safe” expo-
sure level. Similarly, information about real-life
exposures compared with doses used in the animal
experiments will help in evaluating the relevance of
the results.
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Chapter Five: INTERPRETING RISK 
BASED ON EPIDEMIO-
LOGICAL STUDIES

BACKGROUND

Epidemiology is the study of patterns of determi-
nants of human disease. By studying these patterns—
e.g., how variations in workplace exposures to a
given agent correspond to variations in the occur-
rence of skin lesions—it is sometimes possible to
identify an association between a particular agent
and a particular outcome. 

But assessing the evidence and real-world applicabil-
ity of associations found in epidemiological studies
can be difficult, because human beings are exposed to
many different agents every single day and the extent
of these exposures to particular agents varies from
day to day. The multitude of agents in the environ-
ment makes teasing out the effects of a single agent
particularly challenging. Thus, epidemiological stud-
ies are most successful in establishing associations
involving large effects of a particular agent and
unique exposures and/or rare disorders—for exam-
ple, the discovery of an association of vinyl chloride
and a rare type of liver cancer in factory workers.

It has been estimated that the incidence of a common
cancer caused by a particular agent would have to
increase by about 10 percent before it would become
detectable epidemiologically; it is certainly not possible
to identify factors that increase risks by one in a mil-
lion. Nevertheless, epidemiological studies are valu-
able because they can provide direct human evidence
of the relationship between an agent and disease and
d o n ’t require extrapolations from animals to humans.

THE CLAIM

You receive a press release touting an article in the
current issue of American Journal of Toxic Agents, a
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peer-reviewed journal, in which the investigators
conclude that leukemia risk is doubled in people who
live near dry cleaning establishments.

HOW TO APPROACH THE STORY

Because of the difficulties inherent in determining
risk from epidemiological studies—which are not
done under controlled conditions (where only one
agent is administered in exactly the same amounts
every day for a specific period of time)—extensive
information must be gathered to root out and exam-
ine confounders (factors that could affect or account
for the association that is claimed). As you follow the
basic steps outlined in Chapter One—reading the
article, interviewing a study author, getting inde-
pendent comments—keep these questions and points
in mind:

• How large is the sample size? How many people
were studied in the exposed and unexposed
groups? How was the exposed group defined?

• Were levels of specific agents emitted from dry
cleaning establishments measured? What was
found?

• How long have these agents been in use?

• Were other possible exposures studied—e.g.,
environmental tobacco smoke, emissions from
nearby commercial or industrial facilities, and
occupational exposures?

• How were leukemia cases identified? Was the
time of diagnosis determined?

• How was the possible association between dry
cleaning establishments and the increase in
leukemia risk established? Were other health
effects studied, and if so, were any trends or
associations found?

Sample Size:
The number of
participants or
subjects being
examined in a
study. The larger
the sample size,
the likelier it is
that the study will
be able to detect
an effect, if there
is one.
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DIGGING DEEPER: ASSESSING THE EVIDENCE

To assess appropriately the quality of the evidence in
this study, you need to look at how the exposed and
comparison groups were selected, the type and dura-
tion of the exposures, the magnitude of the effect,
and the time course of the study.

• Was the exposed population defined simply by
drawing concentric circles around the dry clean-
ers and arbitrarily saying that people living with-
in each of these defined areas had similar expo-
sures? 

While this might be the simplest approach, it may not
take into account factors such as prevailing winds,
which could drive the dry cleaning vapors preferen-
tially in one direction rather than another, or barriers
to movement such as tall buildings, which would
block flow in another direction.

• How was the comparison population defined?
Were comparisons made to all people living in
the city, state, or country of the exposed commu-
nity—that is, people with average exposure—or
to a population in a similar community, with sim-
ilar demographics, but with no exposure to emis-
sions from dry cleaning establishments? 

The more similar the exposed and unexposed pop-
ulations, the likelier it is that: (1) both groups will
be exposed to the same mix of background agents;
and (2) both will have similar demographic and
health characteristics. Since health status and expo-
sure to other agents could potentially affect the
likelihood of the health outcome—in this case,
leukemia—a comparison of similar populations
would increase the likelihood that the perceived
association is real.

• What are the potential confounders?

Magnitude of
the Effect: A
quantitative
measure of the
strength of an
association
between an
exposure and an
effect, often
measured using
the risk ratio.
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Even when study populations are similar, potential
confounders must be taken into consideration. Even
if demographics and overall health status are similar,
lifestyle habits such as alcohol and tobacco con-
sumption, genes, family history of cancer, and other
factors possibly related to cancer may still have ef-
fects that skew the study findings. If the exposed and
unexposed populations are different at the outset of
the study, there are likely to be many more con-
founding variables. 

• When did the exposure occur? What was the
duration of the exposure? How were these pieces
of information used in calculating total expo-
sures?

Studies have shown that clothes that are dry-cleaned
retain residues of the dry cleaning solvents. These
residues vaporize over time, and this results in a cer-
tain amount of indoor exposure. Such solvents may
also be ingredients of household products, thus
increasing indoor exposures. If exposures to emis-
sions from dry cleaning establishments are small
compared with exposures in the home, it is unlikely
that these emissions are causing leukemia.

• Was a dose response relationship demonstrated
in the exposed population? 

Did the most highly exposed groups—perhaps those
living nearest the dry cleaning establishments—
have the highest leukemia incidence, the next most
highly exposed a lower rate of leukemia, and so on?
The absence of a dose response should significantly
decrease your confidence in the validity of the
c l a i m .

• What was the magnitude of the effect of exposure?

The magnitude of the effect is generally described as

Risk Ratio (RR):
The ratio of the
risk (or incidence)
of disease or
death in the
exposed popula-
tion to the risk in
the unexposed or
comparison popu-
lation. RR is used
in epidemiology to
indicate how
much more or
less likely individu-

als with a particu-
lar characteristic
(e.g., obesity, cig-
arette smoking)
are to show the
e ffects under
investigation (e.g.,
heart disease or
lung cancer) than
are those who do
not have that
c h a r a c t e r i s t i c .
Risk ratios above
1.0 indicate a pos-
itive relationship—
i.e., the risk is
higher when the
agent is present—
while risk ratios
below 1.0 indicate
that the risk is
lower when the
agent is present
(i.e., the agent is
p r o t e c t i v e ) .
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a risk ratio—the ratio of incidence between the
exposed and comparison (unexposed) populations.
Small risk ratios—those less than 2.0, for example—
are likely to be explained by the effects of chance,
bias, or confounders. In our example, if leukemia
incidence in the exposed group was tenfold rather
than twofold greater than that in the unexposed
group, you would have more confidence in the
results.

Results are not absolute, however, and another meas-
ure—the confidence interval—must also be taken
into consideration. The confidence interval describes
the statistical variability of the result, on the basis of
uncertainties in the study. Let’s say, for example, that
the risk ratio is 3.0 but the 95% confidence interval is
0.8 to 4.6. (The 95% interval means there is only a
5% chance that the true risk ratio is higher or lower
than the confidence limits.) Since the confidence
interval includes the value 1.0, there may in fact be
no association at all between the exposure and the
outcome. The lower limit of the confidence interval
suggests the possibility of a slight protective effect of
the exposure, while the upper limit indicates that the
risk in the exposed population may be up to 4.6 times
greater than that in the unexposed population. Most
often, a small sample size is the greatest contributor
to uncertainty. The key is to look for confidence
intervals that span the value 1.0. This indicates that
the findings are questionable.

• How was the association established? Was the
incidence of other health effects—e.g., other
cancers—examined in the exposed populations?
Were associations found? How was each case of
leukemia identified—by self-report or with actu-
al medical records? Was the time of a leukemia
diagnosis determined?

• What was the time course of the study? 

Confidence
Interval: The
margin of error
calculated for a
given risk esti-
mate. Generally,
95% confidence
intervals are cal-
culated; this
means that there
is a probability of
95 percent that
the true risk is
no higher or low-

er than the
range of values
included in the
interval. For
example, a risk
ratio (RR) of 2.0
might have a
95% confidence
interval ranging
from 0.5 to 4.0.
A RR of 1.0 sug-
gests that there
is no association
between an
exposure to an
agent and the
outcome being
measured. In a
case like this,
where the confi-
dence interval
spans the value
of 1.0, it is not
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Most environmental epidemiology studies are retro-
spective—that is, they are based on something that
happened in the past. Prospective studies involving a
potentially toxic agent are of value but often are not
feasible or ethical, since they would require individ-
uals to be exposed to an agent that might be harmful. 

The most common type of retrospective study is the
“case-control” study, which compares past exposures
of persons who currently show an effect (cases) with
exposures of persons who don’t show the effect
(controls). Exposures are described on the basis of
individuals’recollections, along with some environ-
mental measurements. In our example, estimates of
exposures to a dry cleaning agent depend on the indi-
viduals’ recollections of where they lived, when and
for how long they lived there, and possibly even how
much they spent outdoors versus how much time
they spent indoors.

Exposure estimates could also depend on the dry
cleaning proprietors’ memories or records of the
types and amounts of chemicals they used each year
and the kinds of ventilation systems that were in
place from year to year. The reliability of such mem-
ories and the availability of actual measures of expo-
sure can give you clues as to validity. For example,
you would expect that memories would be better for
more recent events than earlier ones. Thus, the valid-
ity of studies that include self-reported exposures
from the distant past would probably be lower.
Epidemiologists know that studies based on self-
reports and recollections are subject to “recall
bias”—that is, memories can be  influenced by what
participants think the investigators want them to say
or by knowing that some effect is expected to have
resulted from the exposure. 

• What is the relationship between the time the
exposures occurred and the time the effects were
diagnosed? 

Confidence
Interval
(continued):

clear whether 
there is a posi-
tive (RR more
than 1.0) rela-
tionship or a
negative (RR
less than 1.0)
relationship.
Thus, the results
are not consid-
ered significant.

Controls:
Depending on
the type of study,
the population
that has not
experienced the
exposure or that
does not show
the effect.
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It may seem obvious that the exposure should pre-
cede the effect. But this is not always the case in epi-
demiological studies, and this fact may be buried in
the methodology. For example, to have a large
enough number of cases of leukemia to study, data
may be combined over several decades. But the dry
cleaning business in question may not have opened
until 25 years ago. Thus, some cancers included in
the study would have resulted from exposures that
occurred before the business opened—and the
occurence of such exposures would decrease the
likelihood that exposure to dry cleaning agents
caused the illnesses. While the timing of exposures
and outcomes is often taken into account, there may
be situations in which the authors implicitly assume
a short latency period between exposure and effect; if
this is the case, it should be stated explicitly, and the
basis for this assumption should be explored with the
authors and perhaps independent experts.

• Are the study findings consistent with those of
other published research?

Have other epidemiological studies shown that
leukemia occurs only after long-term exposures? If
so, an increase in the incidence of leukemia shortly
after the dry cleaning establishment began operations
is not likely to have resulted from exposures to dry
cleaning emissions. Therefore, even if the effect does
follow exposure, other evidence may suggest that the
interval between the alleged cause and the observed
effect is not sufficient to show a true association.

• Do the findings jibe with those of others similar
studies—e.g., studies of occupational exposures
or of workers exposed to related solvents? Occu-
pational studies are particularly valuable, because
the exposures are generally higher than those in
the environment, and therefore any effects should
show up more strongly in workers.
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• Are the findings consistent with general-popula-
tion exposures to dry cleaning vapors and/or
industrial emissions of the related chemicals?
The greater the consistency of results, the more
confidence you can have in the validity of the
study of interest.

The fact that other cancers may be associated with
the same exposure would not enhance the validity of
the leukemia study. As noted in Chapter Four, can-
cers are a heterogeneous group of diseases, each with
a variety of potential causes. It is very unlikely that a
single agent or even a mixture of agents, acting
alone, will cause different kinds of cancer. In assess-
ing the evidence, consistency should be narrowly
defined as the same exposure showing the same spe-
cific effect. 

A misunderstanding of the importance of such speci-
ficity may be behind concerns that an environmental
agent is causing cancer in a particular neighborhood.
People may claim that three members of the family
next door and two members of the family down the
street have cancer, and so on. On investigation, it
may turn out that, for the most part, the cancers dif-
fer and could not have been caused by exposure to a
single agent.

• Have animal studies shown similar effects?

Results from cancer assays in animals may also con-
tribute to an evaluation of the evidence. If these
show that even high doses of dry cleaning emissions
do not result in cancer, the claim that these emissions
are causing leukemia in humans is seriously weak-
ened. If the emissions cause a different kind of can-
cer in animals, you have a mixed message. Toxic
agents don’t always cause the same cancers in ani-
mals as in humans. Thus, this result would add some-
what to the evidence but not as strongly as would the
result of animal studies showing the same cancer.
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Animal studies may also provide information about
the levels of exposure and the length of time neces-
sary for potential carcinogens to cause cancer, which
could be compared with the magnitude and time
course of exposures demonstrated in the epidemio-
logical study.

DIGGING DEEPER: ASSESSING APPLICABILITY

TO THE REAL WORLD

Since the results of epidemiological studies reflect
effects in humans, there is no need to be concerned,
as you should be in the case of in vitro or animal
studies, about the relevance of the findings to
humans. But there may be questions about the rele-
vance to groups other than the study population. For
example, the results of a study of workers in dry
cleaning establishments may not be directly relevant
to environmental exposures. In addition to differ-
ences in the magnitude of exposures, other character-
istics—genetic susceptibility, other health behaviors,
diet, and lifestyle factors—may differ between work-
ers and the general population, making comparisons
questionable.

The more similar the study population is to the pop-
ulation reading the story, the more relevant the
results are likely to be. If you are writing for a very
broad audience, it might be useful to include mention
of the uncertainties in applying the study findings to
all people. Depending on the available information,
you can be more or less specific about these uncer-
tainties; e.g., including information about known eth-
nic differences in susceptibility to various agents can
make your article more useful to your readers.

Making Sense of the Numbers
Risks can be reported quantitatively in various ways.
These include the incidence of the risk—e.g., 1 in
10,000 over a lifetime; the number of people affect-
ed—e.g., an additional 200 people will contract can-
cer; and comparison—e.g., this will lead to a dou-
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bling of the risk (or the risk will be 200% of back-
ground). 

Cancer risk values are generally reported by the gov-
ernment as incidence risk—e.g., the lifetime risk of
lung cancer from a certain amount of exposure to
asbestos is 10 per million. Because incidence values
are based on lifetime studies of animals, and cancer
is assessed only at the end of the study (i.e., when the
animal has reached “old age”), it is not possible to
assess what the cancer risk is at earlier ages. When
risk values are reported to the public, confusion may
result—people often assume that the risk value refers
to current risk, rather than the risk over an entire life-
time. Such misinterpretation can have a significant
impact on the priorities people give to risk reduction
and preventive activities.

A good example of the confusion this can cause is
the oft-quoted estimate that women have a one in
eight risk of developing breast cancer. This does not
mean that any woman has this risk in any year, or
that one in eight women will develop breast cancer
every year. It means that if a woman lives to an
advanced age (about 85) and doesn’t die from other
causes, her overall lifetime risk of developing breast
cancer is one in eight, or about 12%. At any age
below about 85, the risk for the total female popula-
tion is lower than one in eight.

As noted earlier, ignoring the number of people who
are potentially affected by a given health risk can
also distort the picture. From a public health stand-
point, a one in a million risk of developing nerve
damage from a given agent for workers in a special-
ized field that employs 5,000 people is not nearly as
serious as a one in a million risk from an air pollu-
tant that is present in all large cities.

Using ratios to describe risk—e.g., a doubling of the
cancer rate—can cause the same confusion if the
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affected population is not considered. In addition,
when using ratios, it is important to discuss the back-
ground risk—how much risk there is in the general
population, at average exposures. A doubling of a
cancer with a background lifetime population risk of
1 in 100,000 (e.g., liver cancer in women) will have
a different impact from doubling a cancer for which
the lifetime background risk is about 100 in 100,000
(e.g., breast cancer in women). The same holds true
for percentages. It is important to remember that the
true impact of a potential health risk is dependent
upon both the size of the exposed population and the
background risk. 

Health authorities are routinely called upon
to investigate the presence of an alleged
“cancer cluster”—that is, what people think

is an unusual number of cancers in a small area.
Often, those who believe they are affected live near
an obvious contamination source, such as a haz-
ardous waste site. In the vast majority of cases, clos-
er investigation shows that what appeared to be a
serious problem is probably the result of coinci-
dence.

Why? First, people tend to underestimate the true
incidence of cancer. The American Cancer Society
estimates that between 25–35 percent of the popula-
tion will have some type of cancer at some point in
their lives; thus, it is not unusual to find people with
cancer. Second, people think of cancer as one disease
when in fact, as noted above, cancer is a group of
many different diseases with different—and often
multiple—causes. The presence in a particular geo-
graphic region of individuals with different types of
cancer does not in and of itself suggest an unusual
event attributable to a specific agent. 

Furthermore, the public does not scientifically select
the boundaries of the region in which a cancer clus-

Statistical
Significance:
The value used
as the basis for
deciding that two
factors under
investigation are
related to each
other rather than
associated by
chance. Scientists
generally are will-
ing to accept a 

finding as “statisti-
cally significant” if
there is a proba-
bility of five per-
cent or less that
the results are
due to chance.
U s u a l l y, a p - v a l u e
of 0.05 is the cut-
o ff point; study
results with p-val-
ues at or below
0.05 (5 percent)
are considered
statistically signifi-
c a n t .

✓
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ter has purportedy occurred. Instead, people are like-
ly to decide selectively that a cancer cluster “ends”
where an area of lower cancer incidence begins.
Using this approach, it is easy to take a large area
that has an average cancer incidence and divide it in
such a way that some subsection has a higher inci-
dence.

Finally, most purported cancer clusters are based on
relatively small populations—e.g., one or two hun-
dred people living in a particular neighborhood. With
such a small population, variation can be very large
and it would be difficult to show statistical signifi-
cance for an outcome as common as cancer.

ROUNDING OUT THE STORY

Keeping all of the above issues in mind, ask yourself
the following questions.

• How serious is the risk?

Four factors can be used to assess the strength of the
association between exposure to a dry cleaning emis-
sions and leukemia and help put the study in per-
spective: the risk ratio, the background incidence of
leukemia, the size of the affected population, and the
health impact. Each piece of information is a part of
the puzzle. For example, you know the rate of
leukemia has doubled. But what is the usual (back-
ground) rate? It may be that a background rate of one
in 100,000 is being doubled in a population of 200
people. Or that a rate of one in 1,000 is being dou-
bled in the entire U.S. population. These are two very
different effects—the latter possibly quite serious,
the former unlikely to yield even a single additional
case in the exposed group. 

• What is the public health message?

For the dry cleaners story, it would be helpful to get
an estimate of the number of people likely to be

p-Value: Proba-
bility value; a
measure of
chance. The
closer the p-
value is to zero
(values range
from 0.0 to 1.0),
the likelier it is
that the study
results show a
real effect. A p-
value of 0.05 or
less is generally
accepted as evi-
dence that there
is a real effect
(see also “statis-
tical signifi-
cance,” above).
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affected if the claim is valid. The availability of tech-
nologically and economically feasible strategies for
reducing dry cleaning emissions and the possible
health impact of using alternative agents would also
help put the story in perspective.

As noted above, the wide variations both in
people and in exposures can make it quite
difficult to perform epidemiological studies

that provide convincing evidence of an association
between a particular agent and a particular effect.
Thus, it is not surprising that epidemiological studies
done at different times and in different places often
have conflicting results. Examples include the stud-
ies of the possible association of power lines with
childhood leukemia, secondhand smoke with lung
cancer, and hormone replacement therapy with breast
cancer. Another difficulty in assessing the evidence is
that negative studies—those that show no effects
from exposures—may not be published; thus, a
review of the published literature might not show the
entire picture.

Weighing the strengths and weaknesses of individual
studies can help scientists interpret conflicting find-
ings, but often such analyses do not yield a single,
unambiguous answer. One way epidemiologists have
attempted to address this situation is by performing
meta-analyses. Simply put, this involves combining
data from all or a subgroup of available relevant
studies and determining the outcome. This approach
is helpful because it results in a larger study popula-
tion, and larger numbers afford an opportunity to
establish statistical significance for subtle effects. 

This approach has drawbacks, however. There may
not be agreement on which studies to include and
which to exclude from analysis. Also, methodology
often varies from study to study, and combining data
that have been collected and analyzed using varying

✓
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techniques can introduce confounders. Measure-
ments relating to power lines, for example, may
include electrical and/or magnetic fields and various
surrogate measures. Or effects data may be gathered
by various means—self-reports, hospital records,
and death records, for example—that are not equiva-
lent.

Finally, the studies included in a meta-analysis may
have been performed on different populations; if
these populations have different sensitivities, results
from higher-risk populations may be diluted out or
may lead to an overestimation of risk for populations
with lower sensitivity. The more the studies in a
meta-analysis differ, the less scientifically acceptable
is the rationale for combining them. If you are faced
with reporting a story based on a meta-analysis, it is
critical to sort out these factors in assessing the valid-
ity and relevance of the findings to the health of a
particular population.
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Chapter Six: INTERPRETING RISK 
REDUCTION CLAIMS

Does taking vitamin C reduce the risk of getting a
cold? Despite a spate of studies conducted over
many years, the answer remains unclear. Does cal-
cium reduce the risk of osteoporosis? It seems so.
But how best to get that calcium—from food, one
type of supplement or another—is an open ques-
tion. Can flaxseed reduce the risk of breast cancer?
P o s s i b l y, according to studies in rodents. But that
finding says nothing about the effects of human
c o n s u m p t i o n.

The bottom line: Claims of risk reduction must be
evaluated just as critically as claims of increased
risk, and with a similar approach.

BACKGROUND

Claims of benefit made about specific foods,
micronutrients, or other substances are particularly
attractive to many publications. Such claims often
serve as fodder for “feel good” stories—stories edi-
tors may insist on covering because they give read-
ers something “positive” to do, or because, on a more
“practical” level, such stories create product-friendly
editorial environments for advertisers, which in turn
may generate more revenue for the publication. 

Companies that might benefit from such claims—
juice, dairy-product, or cereal manufacturers, for ex-
amples—have a stake in prevention/risk reduction
stories, which can be used directly or indirectly as
promotional tools. Finally, risk reduction stories also
benefit the medical journal that publishes research on
which the claims are based; the articles are often
highlighted in press releases to encourage media
coverage, and this in turn enhances the recognition
or “impact factor” of the journal.

Prevention:
Reducing or elim-
inating the occur-
rence of adverse
health effects.
Primary preven -
tion is the preser-
vation of health 

in susceptible
individuals by
personal and
population-wide
efforts (e.g., im-
munization of
susceptible popu-
lations).
Secondary pre -
vention consists
of early detection
and prompt treat-
ment of diseases
in all populations
(e.g. mammogra-
phy to screen for
breast cancer).



Writing about Health Risks58

Because the agendas of diverse entities could be
well-served by risk reduction stories, and because the
pressures to cover such stories can be immense, it is
particularly important to follow the basic tenets in
this handbook in assessing the research, putting it in
context, and presenting a balanced view of the find-
ings.

As noted in Chapter Two, critically reading the arti-
cle itself—not just a press release, even if it is issued
by the journal—is particularly important, as are
interviews with one of the authors and, when time
permits, an independent source. If a story idea comes
from a meeting presentation, see whether there is a
published abstract. Even if there is, remember that it
generally represents preliminary findings and is not
subject to the same rigors of peer review as is a full
journal article. 

If the evidence is strictly anecdotal—that is, no sci-
entifically acceptable studies have been performed—
be careful. Anecdotal evidence alone, no matter how
appealing, is not sufficient to substantiate any kind of
claim.

THE CLAIM

Claims of benefit made for products and/or interven-
tions may include not only risk reduction claims, but
also claims of prevention or cure. In fact, some
authors use “risk reduction” and “prevention” inter-
changeably—and thus wrongly.

First, for either claim, you must know what popula-
tion is involved. Interventions to reduce the risk of
heart disease or a particular type of cancer often are
tested in high-risk populations; thus, an intervention
may be used to reduce the risk of heart disease in
people with a family history of the disease, or to
reduce the risk of a heart attack in people who
already have documented atherosclerosis. Similarly,
a prevention claim may mean preventing a cancer

Anecdotal
Evidence: Data
produced from
nonscientific
observations and
experiences, e.g.,
testimonials.
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recurrence in people who have had a documented
occurrence, or prevention of cancer, such as breast
cancer, in those with a strong family history (mother
and sister have breast cancer). Findings relating to
high-risk populations may not be applicable to the
public.

Second, reducing the risk of developing an illness is
not the same as preventing the illness. Even when
risk is reduced, some risk remains; to most layper-
sons, the word “prevention” implies that the risk of
occurrence is negligible or nonexistent.

The misuse of these terms is particularly likely to
occur when scientific findings are overzealously
interpreted for consumers. For example, the physi-
cian author of a consumer book who purported to
present a breast cancer prevention diet later admitted
that “risk reduction” would have been a better term
to use. It also turned out that many of the book’s
claims—whether for risk reduction or prevention—
were based on in vitro or animal studies. The author
made a leap that the original investigators did not, by
claiming the interventions were good for humans.
Thus, the book gave readers a false impression of the
evidence.

Separating science from exaggeration, and present-
ing the differences clearly, are among the most
important responsibilities in risk reduction reporting.

HOW TO APPROACH THE STORY

The process of handling the story is similar to the
one described in the preceding chapters: reading the
article critically, interviewing a study author, getting
independent comments, and assessing the evidence
and the applicability of the findings in real-life situ-
ations. Here are some key questions and points to
keep in mind: 

• What is the quality of the evidence?
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In this handbook, we deal mainly with story ideas
generated from scientific sources, such as a jour-
nal article, a meeting-presentation abstract, or a
consensus panel, with appropriate supporting evi-
dence in the form of other peer-reviewed articles.

But what if someone outside of the scientific
establishment is making the benefit claim?
Consider what is being offered in the way of sup-
porting information: Is the intervention in use only
outside the U.S.? Has it been described as eff e c-
tive in a language other than English? If so, it may
make sense to have such material translated.
R e m e m b e r, however, that given the ease of global
communication today, there is little reason to think
that an intervention that truly reduces the risk of a
given disease or disorder would be sanctioned
only in a small part of the world. At the least, such
findings are likely to have been presented at an
international meeting. If no one knows about it,
why not?

• Is the claim specific?

Most risk reduction claims pertain to reducing a
p e r s o n ’s risk of succumbing to a disease; to
improving the chances of living a healthy, disease-
free life; or to increasing longevity—all very
attractive endpoints, but also very general and dif-
ficult to prove. Most diseases are complex and,
except for certain inherited disorders, rarely have
a single cause. Thus, a single intervention, no mat-
ter how beneficial, is unlikely to have a larg e
impact. An exception is the halting of a proven
detrimental behavior, such as cigarette smoking or
having unprotected sex. Stopping a behavior that
increases risk can reduce risk. Beyond this, show-
ing cause and effect is no simple matter.

Even if a claim seems specific at first glance, a lit-
tle reflection or investigation may reveal other-
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w i s e . For example, the claim that eating a certain
food such as broccoli will reduce the risk of cancer is
specific only in that it is specifying broccoli as the
beneficial substance. Again, cancer is a class of het-
erogeneous diseases, with many types and many,
often interacting causes. Even a claim of risk reduc-
tion for a specific cancer, such as breast cancer, would
be difficult to prove; a woman’s risk of developing
breast cancer depends on multiple factors, including
genes, age, obesity, family history, and numerous
lifestyle factors. Can eating one particular food or
substance make a significant dent in overall risk? It’s
possible, but unlikely. Thus, to assess claims of bene-
fit, we must know something about the disease, disor-
d e r, or condition to which the claim pertains. 

• Is the claim based on the practitioner’s clinical
experience or on scientific studies?

If the claim is based on clinical experience, find out
how many patients have been treated and what
results were seen.

If the claim is based on scientific studies, find out
what types of study are offered as evidence. Like
claims of increased risk, claims of reduced risk may
be based on a study on “test-tube,” animal, or human
studies. If the study is on animals, is the animal an
appropriate model for the disease or disorder?
Certain animal models are accepted as responding
similarly to humans to agents given for a specific
condition—e.g., the woodchuck for hepatitis B.
Common laboratory animals, such as rats or mice,
may be used in studies mainly because they are rela-
tively inexpensive, have been extensively studied
previously, or have a short life span—not because
they have proven similarities to humans. Of course,
even an accepted animal model is not a human being;
thus, a risk reduction claim based solely on animal
studies in a single species may be made only for that
animal, not for people. 
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Regarding “test-tube” or laboratory studies, the same
caveats presented for studies attributing a risk in-
crease to a given substance (Chapter Four) hold for
studies attributiong a risk reduction to a substance:
How large was the dose? Is it realistic to think that a
human could tolerate a large dose? Or could the sub-
stance be given in a sufficiently large dose to provide
a benefit? For example, an agent may show powerful
activity against the human immunodeficiency virus
(HIV) in vitro at doses not obtainable by common
routes of administration in people. 

Epidemiological studies, as we saw in Chapter Five,
may show an association between an intervention
and risk reduction, but not cause and effect. One of
the axioms of epidemiological studies is that their
findings may be relevant to populations but cannot
be extrapolated to individuals. Simply put, this
means that you cannot draw conclusions about indi-
vidual risk based on epidemiological studies, though
you can make broad recommendations. For example,
if after accounting for alternative explanations, sev-
eral large epidemiological studies have shown that
postmenopausal women who undergo hormone
replacement therapy (HRT) are less likely to develop
osteoporosis (a loss of bone density that increases the
risk of fractures) than post-menopausal women who
do not undergo HRT, a public health message that
“HRT may reduce your risk of osteoporosis” may be
considered. 

But this is not the same as demonstrating the benefits
in a randomized, controlled clinical trial, in which a
particular intervention is compared with standard
care or with a placebo. For the example above, a clin-
ical trial might involve one group of postmenopausal
women who are given HRT—an estrogen/proges-
terone combination pill once a day. Another group of
postmenopausal women would receive a placebo
once a day. Various assessments of bone density
would be made at the onset of the trial, at several
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points during the course of the trial, and at the end-
point—five years after the onset. If, after the com-
pletion of the trial, the group using HRT had a lower
incidence of osteoporosis compared with the placebo
group, the claim that HRT is useful in reducing the
risk of osteoporosis has been supported by this trial.
Still, other questions must be asked before accepting
this or any other finding. For example, have other
large, well-designed clinical trials reproduced the
findings of this trial? And is there a known or accept-
ed biological mechanism by which the intervention
might result in the benefits achieved?

Certainly when reporting on the results of clinical
trials, it is important to provide readers with the
proper context for evaluating possible benefits and
risks. For example, it is important to tell readers
whether risks for other diseases, such as breast or
endometrial cancer, increase with HRT. If so, public
health messages about HRT need to include consid-
eration of the balance between risks and benefits.

DIGGING DEEPER: ASSESSING THE EVIDENCE

• How does the finding fit with other published
studies?

As discussed in previous sections, one of the impor-
tant contributors to validity is a pattern of evidence
that supports a claim. This is especially important
when dealing with studies involving humans, since
such studies cannot be strictly controlled, as animal
studies can, and human responses are quite variable.
Thus, an article about a new risk reduction finding
should include cautions that this single study is at
best suggestive, and that it is possible that future
studies will lead to different—even totally oppo-
site—conclusions.

• How long was the study period? 

For a claim of long-term benefit or risk reduction,
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one needs to do a long-term clinical trial. For exam-
ple, a Phase 3 trial of a drug thought to be neuropro-
tective in Parkinson’s disease must run two years
before a claim of neuroprotection—a long-term
effect—can be made.

• How large is the study population? 

Cost is a major factor limiting the size of scientific
studies; the more study participants, the greater the
expense. But if a population is too small, the results
may not have enough “power” to show an effect or
may not be generalizable to the population at large.
Larger trials mean that patient compliance with the
study protocol may be more difficult to control,
which can also affect results.

• What are the side effects or long-term conse-
quences of taking a substance for which a risk
reduction claim is made? 

For instance, taking a prescription weight loss pill for
3 months or 6 months may help an individual lose
weight and thus reduce his or her risk of developing
certain diseases. But if the same pill puts the person
at risk of liver disease, then the risk–benefit equation
changes. Sometimes, when the long-term conse-
quences of taking a new drug aren’t known, the drug
is approved for use only for a specific period of time.
Some people may nonetheless use it indefinitely—at
their peril. 

• What mechanism of action is proposed for the
effect? 

Very often, the mechanism by which a substance is
said to produce beneficial effects simply isn’t known,
and if this is the case, the study author should say so. 

When unsupported claims of benefit are made, the
promulgators rarely say that anything about the inter-

Power: The ability
of a study to
detect an effect if
there is one.
Power is
expressed as a
percentage. The
larger the sample
size used in a
study, the likelier
it is that the
study will find an
effect, if there is
one. If a study
has a low power,
it may only be
able to detect
large effects
(such as a dou-

bling of risk).
Thus, a study
with a low power
might not “find” a
small or moder-
ate effect.
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vention is unknown; part of the selling of the sub-
stance involves giving at least the appearance of a
scientifically based mechanism. An extreme example
is BioResonance Therapy, touted as a cure for all
types of cancer. A long-winded explanation is pre-
sented, in which the dubious therapy is said to work
through electromagnetic waves that “enliven” the
p53 gene. This is nonsense, but it might sound plau-
sible to someone who does not understand that
genetic mutations cannot be undone by vibrations.

• What is the magnitude of the effect?

Even if the claimed percentage of risk reduction is
enormous, in real life it may translate into a very
small benefit compared with the risks involved. For
example, a recent study assessed 639 women
deemed at high risk of developing breast cancer who
had undergone bilateral prophylactic mastectomy (i.e.,
they had had both breasts removed, even though they
had showed no evidence of breast cancer). The
authors calculated that, at 14 years follow-up, the
procedure reduced the risk of developing breast can-
cer in these women by at least 90 percent, compared
with those at similar risk who did not undergo the
procedure. 

A look at the actual numbers revealed that, instead of
an expected 37 cases of breast cancer, only four
developed in women who had undergone the proce-
dure; thus, the 90% risk reduction claim was accu-
rate. But what of the 602 other women who had
u n d e rgone the procedure? These women either had
not been destined to get breast cancer, or if they had
gotten it, might have been cured without having to
u n d e rgo bilateral mastectomy. Thus, 602 women had
unnecessary surgery to spare 33 others. Of course, the
women who underwent the procedure could not have
known in advance that they were among those who
did not need it. Nevertheless, it puts the 90% risk
reduction claim in a different perspective. 
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• How does the intervention compare with stan-
dard therapy?

How does the intervention compare with the benefits
of standard therapy, and how have such comparisons
been made? Comparisons based on objective meas-
ures are more reliable than those based on subjective
assessments. For example, a study that compares a
new type of cholesterol-lowering treatment with
standard treatment may assess the effect of each
intervention on the actual lowering, or the percentage
of lowering, of cholesterol over the course of the
study period. This is an objective measurement. On
the other hand, a study that evaluates the ability of a
treatment to relieve a symptom that is difficult to
assess objectively—such as nighttime cough in asth-
ma—must usually rely on subjective patient reports,
which may be unreliable.

As noted in Chapter Four, when people are asked to
compare how they felt before and after an interven-
tion, recall bias must be considered. When an inter-
vention is said to reduce the risk of pain (e.g., head
pain in migraine) the criteria used to assess the
reduction cannot be truly objective, even if the same
measurement tool (e.g., a scale of 1 to 5) is used
before and after the intervention. 

• How does the intervention compare with a place-
bo? 

Sometimes an intervention is not compared with
standard care, but rather with a placebo—an inactive
medication or procedure. Using a placebo as a com-
parison is not the same as comparing the effective-
ness of one drug with another in reducing the risk of
disease, or comparing a drug intervention to a dietary
intervention. Thus, when looking at risk reduction
claims for interventions such as drugs, supplements,
or diet, it is important to know what comparisons
have been made. 
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The placebo effect itself can be very powerful.
Numerous studies have shown that when people par-
ticipate in a clinical trial, improvement is reported by
some who receive the placebo as well as by some
who get the active treatment. The care and attention
received during the study period and the participant’s
motivation to get well are important factors in the
positive effects seen with placebos.

In fact, the placebo effect may be as high as 40 percent
in drug trials for some conditions such as migraine. T h a t
means that 40 percent of people might feel better simply
because they believe they are helping themselves and
that others are helping them. If the active treatment
reduces pain in 45 percent of people, that is only 5 per-
cent more than might be expected without the treatment.

The placebo effect must be considered when assess-
ing all claims of risk reduction, but particularly for
symptoms such as pain, which often has psychologi-
cal components and for which benefit is difficult to
assess using objective measures. 

DIGGING DEEPER: APPLICABILITY TO THE

REAL WORLD

• What is the study population? 

Several large, ongoing epidemiological studies
involve individuals in specific communities, such as
those in Framingham, Massachusetts, or in
Rochester, Minnesota—who have been participants
for many years. When drawing conclusions about
interventions that might benefit the public’s health, it
is important to remember that these populations are
not representative of the U.S. population as a whole,
which is much more diverse both in demographics
and in health risk factors. Recently, for example, the
U.S. federal food guidelines’recommendation of two
or more daily servings of dairy products has been
questioned by activist groups, who note that many
minorities have lactose intolerance. It has been sug-
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gested that the dairy food group be renamed the “cal-
cium-containing” food group and expanded to
include soy and tofu products.

The characteristics of study populations must also be
assessed. Some risk reduction studies use people
who already have a particular disease, such as coro-
nary artery disease, and attempt to show how an
intervention—taking a cholesterol-lowering drug, for
example—reduces the risk of a consequence of the
disease, e.g., a heart attack. As noted earlier, partici-
pants may be people who are already hospitalized, or
who have had previous heart attacks, rather than peo-
ple in the community at large without these risk fac-
tors.

Many herbal products, hormones such as
dehydroepiandrosterone (DHEA), and

other agents sold in health food stores (and, increas-
ingly, in other types of retail stores), are legally and
popularly considered “dietary supplements” rather
than drugs. In the U.S., the regulation of dietary sup-
plements is much less strict than is the regulation of
drugs. Manufacturers may make claims for supple-
ments—e.g., that they reduce stress and fatigue or
make you feel years younger—without providing the
extensive evidence that would be required to sub-
stantiate a similar claim for a drug. Unlike drugs,
dietary supplements do not necessarily undergo rig-
orous study concerning benefits and risks. Claims are
likely to be supported by anecdotal evidence; physi-
cians may say they work “based on my experience.”
Claims of this sort are totally unscientific.

To promote such products, manufacturers and ven-
dors may claim they are safe because they are “natu-
ral”—implying that natural chemicals are somehow
inherently safe, despite that they may have exactly
the same properties as their synthetic counterparts.

✓
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Such claims may completely misrepresent a prod-
uct’s ingredients, setting the stage for possible harm.
For example, a manufacturer of a “natural” so-called
energy booster claimed the product contained no
estrogenic compounds. But a little research on the
plant extracts in the product revealed that they con-
tained potent phytoestrogens.
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PART 4: “HERE’S THE 
REAL STORY!”

CONCLUSION

After you have gathered and assessed the evidence,
interviewed appropriate sources, gained some insight
into the issues surrounding a particular risk claim,
and reached some conclusions about its impact on
the public’s health, you are ready to write the story.
Very often you will have to distill a wealth of infor-
mation into a relatively small space. Here are some
tips for telling the “real story” in a succinct, accurate,
and lively way:

• Tell the reader in the first couple of sentences
what the risk claim is, who is making it, and why
the reader should care about this issue.

• Write the story as you understand it; don’t just
parrot what a source says unless you are quoting
the person directly.

• Write non-technically even if you are writing for
a professional readership. You may use more
technical terms for a professional readership, but
don’t make the mistake of thinking that stories
written for medical professionals or scientists
should be filled with jargon. Boring stories are
unlikely to be read through to the end by anyone. 

• Include qualifiers when appropriate (i.e., when
the data support the claim) rather than making
blanket statements (e.g., say “Exposure to this
agent may cause respiratory failure if you have
severe asthma,” not “Exposure to this agent
causes respiratory failure if you have asthma”).



• Remember that there are many ways of saying
the same thing. If you describe a risk in a poten-
tially alarmist way (e.g., “One in eight women
will get breast cancer at some point in their
lives”; see Chapter Five), explain what the risk
means in real-world terms (e.g., “This means that
if a woman lives to the age of about 85 and does-
n’t die from other causes, her overall lifetime
risk of developing breast cancer is one in eight,
or about 12 percent; at any age below about 85,
the risk is lower than one in eight”).

Also remember that reporting risk using percentages
can be problematic because the reader may not get
the proper message. For example, an increase of 50
percent in the risk may be misinterpreted by the read-
er as equivalent to a doubling of the risk rather than
an increase to one and one-half times the risk. Thus,
percentages should be carefully explained or accom-
panied by the corresponding ratio.

Ultimately, readers must decide for themselves how
dangerous a risk is and whether they will take action
to reduce it. But journalists can play a key role in
encouraging sound decision-making by providing a
balanced view of the data and presenting relevant
information to help their readership evaluate the risk.
When you take on a risk story, you also take on the
responsibility for telling the “real” story. This can be
a rewarding challenge! 
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GLOSSARY

anecdotal evidence: data from nonscientific observations and experiences, e.g.,
testimonials. (See page 58.)

association: relationship between an exposure and a health eff e c t — e . g . ,
between exposure to sunlight and skin cancer. Association is not the same as
causation. Associations can be positive or negative. For example, a positive
association exists between cigarette smoking and lung cancer. A negative
association exists between the use of seat belts and deaths from car crash-
es. (See page 19.)

bias: a factor or process that systematically distorts the collection or analysis of
study results. An example is “recall bias”—people who have diseases may be
more likely to report real or imagined exposures to the study agent than those
who are disease-free. (See page 17.)

cancer potency value: a quantitative measure of cancer risk derived from apply-
ing the linearized multistage (LMS) model. It describes how cancer risk varies
according to dose. (See page 33.)

carcinogenic: capable of causing cancer. (See page 29.)

clinical trial: a study in humans that assesses the efficacy and safety of a specif-
ic intervention or treatment on a disease or other health-related outcome.
Generally, patients are randomly assigned to receive the study treatment or
another treatment, or a placebo, and are followed over a period of time.
Findings from the different study groups are then compared to assess the
effects of the intervention. (See pages 18–19.)

confidence interval: the margin of error calculated for a given risk estimate.
Generally, 95% confidence intervals are calculated; this means that there is
a 95% probability that the true risk is no higher or lower than the range of val-
ues included in the interval. For example, a risk ratio (RR) of 2.0 might have
a 95% confidence interval ranging from 0.5 to 4.0. A RR of 1.0 suggests that
there is no association between an exposure to an agent and the outcome
being measured. In a case like this, where the confidence interval spans the
value of 1.0, it is not clear whether there is a positive (RR more than 1.0) rela-
tionship or a negative (RR less than 1.0) relationship. Thus, the results are
not considered significant. (See pages 46–47.)

confounder: a factor that can distort the results of the study because it is related
to both the exposure and the effects—e.g., secondhand cigarette smoke may
be a confounder in studies of the effects of an environmental contaminant on
childhood asthma. (See page 17.)

controls: depending on the type of study, the population that has not experienced
the exposure or that does not show the effect. (See page 47.)
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dose response: the relationship between exposure to an agent and the occur-
rence of an effect. Generally, the higher the dose, the greater the response.
(See page 18.)

epidemiological study: a study of the patterns of human disease and the factors
that are associated with specific diseases. (See page 18.)

evidence: data collected scientifically. In risk assessment, this can include data
about exposures as well as effects. Effect data are generally derived from lab-
oratory studies or observations of human populations. (See page 7.)

exposure: coming into contact with an agent. Acute exposure occurs when a per-
son comes into contact with a single dose or small number of doses of the
agent over a short period of time, such as one day. Chronic exposure occurs
when a person receives repeated doses over a long period of time, e.g.,
years. (See page 14.)

hazard: the potential of an agent to cause an adverse effect under specific cir-
cumstances. (See page 26.)

laboratory study: a study done in test tubes (in vitro) or in animals (in vivo). (See
page 17.)

linearized multistage (LMS) model: a mathematical model used to estimate the
carcinogenic potency of specific agents. The LMS model is based on data col-
lected from giving animals very high doses of an agent over their lifetime. This
is not a biological model; it does not include any consideration of the mecha-
nisms involved in cancer formation. (See page 35.)

magnitude of the effect: a quantitative measure of the strength of an association
between an exposure and an effect; often measured using the risk ratio. (See
page 44.)

magnitude of risk: a quantitative estimate of the degree of risk associated with a
specific exposure—e.g., one additional cancer in one million exposed individ-
uals. (See page 24.)

mechanistic studies: investigations to determine how a particular effect is pro-
duced. These include studies of how chemicals are absorbed into the body,
changed in the body, distributed throughout the body, excreted from the body,
and stored in the body, and how they have toxic or beneficial effects. (See
page 20.)

methodology: the way in which data are collected. Methodology descriptions
include identification of the study subjects or specimens, sources of the
agents being tested, and the techniques used to assess exposure or effect.
(See page 8.)

natural: occurring in nature. Natural substances may show a wide range of
toxicities. (See page 28.)
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p-value: probability value; a measure of chance. The closer the p-value is to zero
(values range from 0.0 to 1.0), the likelier it is that the study results show a
real effect. A p-value of 0.05 or less is generally accepted as evidence that
there is a real effect (see also “statistical significance,” below). (See page 53.)

peer review: careful scientific examination of data, methodology, results and con-
clusions of a study or set of studies by experts in the area of the research.
(See page 7.)

power: the ability of a study to detect an effect if there is one. Power is expressed
as a percentage. The larger the sample size used in a study, the likelier it is
that the study will find an effect, if there is one. If a study has a low power, it
may only be able to detect large effects (such as a doubling of risk). Thus, a
study with a low power might not “find” a small or moderate effect. (See
page 64.)

precautionary principle: the premise that actions should be taken to reduce or
eliminate a hazard even if there is little credible evidence that a significant risk
exists, as a precaution against potential risk. (See page 27.)

prevention: reducing or eliminating the occurrence of adverse health effects. (See
page 57.) Primary prevention is the preservation of health in susceptible indi-
viduals by personal and population-wide efforts (e.g., immunization of sus-
ceptible populations). Secondary prevention consists of early detection and
prompt treatment of diseases in all populations (e.g., mammography to
screen for breast cancer).

relevance: the extent to which toxicity findings from laboratory, epidemiological or
clinical studies are applicable to people living in the real world. Studies done
under unrealistic conditions—e.g., when animals are exposed to extremely
high doses of an agent—may not be relevant to people exposed to low envi-
ronmental levels of the same agent. (See page 23.)

reverse onus: placing on those who claim an agent is safe the onus of proving
that it will not have adverse effects under any circumstances. (See page 27.)

risk: the possibility of suffering harm or adverse effects. Acute risk is the risk from
a single or a few closely spaced exposures to an agent; chronic risk is the risk
from exposure over a significant period of time; lifetime risk is the risk from
exposure to an agent over an entire lifetime—generally assumed to be 70
years. (See page 6.)

risk assessment: the process that estimates the type and magnitude of risk to
human health, wildlife, or the environment posed by exposures to hazardous
agents. (See page 24.)

risk management: the steps undertaken to reduce or eliminate risks. This may be
accomplished either by controlling the source of the risk (e.g., limiting emis-
sions from an industrial source) or changing behavior (e.g., issuing a fish con-
sumption advisory). (See page 16.)
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risk ratio (RR): the ratio of the risk (or incidence) of disease or death in the
exposed population to the risk in the unexposed or comparison population.
RR is used in epidemiology to indicate how much more or less likely individ-
uals with a particular characteristic—e.g., obesity, cigarette smoking—are to
show the effects under investigation (e.g., heart disease, lung cancer) than
those who do not have that characteristic. Risk ratios above 1.0 indicate a
positive relationship—i.e., the risk is more likely when the agent is present—
while risk ratios below 1.0 indicate that the risk is less likely when the agent is
present (i.e., the agent is protective). (See page 45.)

“safe” value: a quantitative estimate of the amount of a noncarcinogenic sub-
stance a person can consume without incurring appreciable risk; exposures
above the “safe” value do not necessarily result in adverse effects. (See page
25.)

sample size: the number of participants or subjects being examined in a study.
The larger the sample size, the more likely it is that the study will be able to
detect an effect, if there is one. (See page 43.)

statistical significance: the value used as the basis for deciding that two factors
under investigation are related to each other, rather than being associated by
chance. Scientists generally are willing to accept a finding as “statistically sig-
nificant” if there is a probability of five percent or less that the results are due
to chance. Usually, a p-value of 0.05 is the cutoff point; study results with p-
values at or below 0.05 (5%) are considered statistically significant. (See page
52.)

synthetic: not natural; formed through human intervention. Generally refers to
compounds made in the laboratory. Synthetic substances may show a wide
range of toxicities. (See page 28.)

toxic: harmful, poisonous. All chemicals or substances are toxic under some con-
ditions, and in large enough amounts. (See page 6.)

toxicity: the inherent potential of a substance to cause adverse effects in living
organisms. “Acute toxicity” refers to adverse effects that occur very soon after
a single exposure or small number of closely spaced exposures to a toxic sub-
stance; “chronic toxicity” refers to adverse effects that occur after repeated
exposures over a long period of time. (See page 11.)

validity: degree of confidence that the conclusions from a scientific study are
accurate (i.e. not due to chance, bias, confounders and other causes of dis-
tortion). (See page 16.)
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