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FINDING THE EVIDENCE

You formulate the following focused question: Do children immunized using the MMR
vaccine have an increased risk of developing autism or autistic-spectrum disorder com-
pared with those not immunized?

Because you are interested in the very latest information, you go to the PubMed
version of MEDLINE and PreMEDLINE (www.pubmed.gov). For optimum search effi-
ciency, you click on “Clinical Queries” under “PubMed Services,” a specialized search
with built-in filters to identify only studies that meet specified methodological stan-
dards (see Chapter 2, Finding the Evidence). You enter “MMR” and “autism” for the sub-
ject search terms and click on “etiology” for study category and “sensitivity” for
emphasis. Your MEDLINE search (from 1966 through 2002) identifies 26 citations, the
first of which is a recent epidemiologic study assessing the association between MMR
and autism.2 You review the abstract and decide that because the study appears to
address the question you are interested in answering, you will retrieve a copy of the arti-
cle from the library.

ARE THE RESULTS VALID?

Nurses often encounter patients who are facing potentially harmful exposures, either to
health care interventions or environmental agents, and important questions arise. Are
pregnant women at increased risk of miscarriage if they work in front of video display

Clinical Scenario

Does the Combined Measles-Mumps-Rubella Vaccination Cause Autism?

You are a community health nurse whose role is health promotion for children and
families. Childhood immunizations are part of your responsibility, and the com-
bined measles-mumps-rubella (MMR) vaccine is given to children at around 
1 year, with a booster given before children start school at 4 years. Recently, there
has been a great deal of media interest in the safety of the MMR vaccine, particu-
larly focusing on research that purports a link between MMR vaccine and the
development of autism.1 You have become increasingly confused about the best
way to proceed. Several groups are calling for single vaccines to be made available
alongside the combined MMR vaccine. The government maintains that there is no
evidence of a link between the MMR vaccine and autism and that single vaccines
expose children to greater risk. Parents arriving at your child health clinic are
extremely anxious, and many are now declining the MMR vaccine. Your medical
colleagues are concerned that the practice’s immunization rate for MMR is now
falling below target; you share their concern but worry that by continuing to
advocate and administer MMR vaccine to these very young children you may be
contributing to the development of autism in some of them. You resolve to review
the best evidence on this topic before the next child health clinic.
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terminals? Do secondhand crib mattresses cause crib death? Are women who take oral
contraceptives at increased risk of thrombosis? Does smoking cause decreased bone min-
eral density in postmenopausal women? When examining these questions, readers must
evaluate the validity of the data, the strength of the association between the assumed
causal factor and the adverse outcome, and the relevance to patients in their care.

As when answering any clinical question, the first goal is to identify a systematic
review that can provide an objective summary of all available evidence on the topic 
(see Chapter 9, Summarizing the Evidence Through Systematic Reviews). However,
interpreting a systematic review that addresses an issue of harm requires an under-
standing of the rules of evidence for observational (nonrandomized) studies. The tests
for judging the validity of observational study results, like the validity tests for random-
ized controlled trials (RCTs), help you to decide whether comparison groups began the
study with a similar prognosis and whether similarity with respect to determinants of
outcome persisted after the study began (Table 5-1).

Were Groups Shown to be Similar in All Known Determinants of Outcome,

or Were Analyses Adjusted for Differences?

Studies of potentially harmful exposures will yield biased results if the group exposed to
the suspected harmful agent and the unexposed group begin with a different prognosis.
Let’s say that we are interested in the impact of hospitalization on mortality rate. To
investigate this question, we compare mortality in hospitalized patients with that in

Table 5-1 Users’ Guides for an Article About Harm

Are the Results Valid?

Did comparison groups begin the study with a similar prognosis?
• Were groups shown to be similar in all known determinants of outcome, or

were analyses adjusted for differences?
• Were exposed people equally likely to be identified in the two groups (in

case-control studies)?

Did comparison groups retain a similar prognosis after the study started?
• Were outcomes assessed uniformly in the comparison groups (in cohort

studies)?
• Was follow-up sufficiently complete?

What Are the Results?

• How strong was the association between exposure and outcome?
• How precise was the estimate of the risk?

How Can I Apply the Results to Patient Care?

• Were the study participants similar to the people in my clinical setting?
• Was the duration of follow-up adequate?
• What was the magnitude of the risk?
• Should I attempt to stop the exposure?
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people of similar age and sex in the community. Although an examination of the results
would lead us to stay clear of hospitals, few would take these results seriously. The
reason for skepticism is that people are admitted to hospitals because they are sick and
therefore are at greater risk of dying. This higher risk results in a spurious (i.e., non-
causal) association between exposure (hospitalization) and outcome (death). In general,
people who seek health care or who take medications are sicker than people who do not.
However, these spurious associations are not always as easy to spot as in this example; if
readers miss them, they risk making inaccurate inferences about causal relations between
health care interventions (e.g., hormone replacement therapy) and adverse effects or
suspected harmful agents (e.g., smoking) and adverse effects.

How can investigators ensure that their comparison groups start with a similar like-
lihood of the target outcome? RCTs provide less biased estimates of potentially harmful
effects than other study designs because randomization is the best way to ensure that
groups are balanced at baseline with respect to both known and unknown determinants
of outcome (see Chapter 4, Health Care Interventions). Although investigators conduct
RCTs to determine whether health care interventions are beneficial, RCTs can also
demonstrate harm. The unexpected results of some randomized trials (e.g., interven-
tions expected to show benefit may be associated with increased morbidity or mortal-
ity) illustrate the potential of this study design for demonstrating harm (see Chapter 14,
Surprising Results of Randomized Controlled Trials). For example, although bed rest is
widely used as a therapeutic intervention for everything from suspected myocardial
infarction to headache prophylaxis after a lumbar puncture, a systematic review of RCTs
of bed rest identified a lack of benefit and evidence of increased harm.3 An RCT of
estrogen and progestin was stopped early (at a mean of 5.2 years instead of the expected
8.5 years) because the investigators found that women who received combination hor-
mone replacement therapy had a greater incidence of coronary heart disease, stroke, and
venous thromboembolism than did women who received placebo.4

Usually, there are two reasons that we cannot find RCTs to help us determine whether a
potentially harmful agent truly has deleterious effects. First, we consider it unethical to ran-
domize patients to exposures that may be harmful. Imagine trying to randomize people to
smoke or to eat a high-fat, high-salt diet! Second, we are often concerned about rare and
serious adverse effects that occur over prolonged periods—ones that become evident only
after tens of thousands of patients have received an intervention or have followed a partic-
ular lifestyle. For instance, even a very large randomized trial5 failed to detect an association
between clopidogrel and thrombotic thrombocytopenic purpura, an association that was
detected by a subsequent observational study.6 RCTs specifically addressing side effects may
be feasible for adverse event rates as low as 1%7,8 and meta-analyses may be helpful when
event rates are low.9 The RCTs needed to explore harmful events that occur in less than 
one in 100 exposed patients—trials characterized by huge sample sizes and lengthy follow-
up—are logistically difficult, prohibitively expensive, and currently unheard of in nursing.

Given that clinicians will not find RCTs to answer most questions about harm, they
must understand alternative strategies for ensuring a balanced prognosis in the groups
being compared. This understanding requires familiarity with observational study
designs, which we now describe (Table 5-2).
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Cohort Studies

In a cohort study, the investigator identifies exposed and nonexposed groups of people,
each a cohort, and follows them forward in time to monitor the occurrence of the out-
come of interest. In one such study, for example, investigators assessed cardiovascular
outcomes among women who used oral contraception compared with other forms of
contraception.10 The investigators found that among heavy smokers, use of oral contra-
ceptives was associated with a fourfold increase in myocardial infarction compared with
use of other forms of contraception.

Investigators may rely on cohort designs when harmful outcomes occur infrequently.
For example, clinically apparent upper gastrointestinal hemorrhage occurs approxi-
mately 1.5 times per 1000 person-years of exposure in patients using nonsteroidal anti-
inflammatory drugs (NSAIDs), compared with 1.0 per 1000 person-years in those not
taking NSAIDs.11 Because the event rate in unexposed patients is so low (0.1%), a ran-
domized trial to study a 50% increase in risk would require huge numbers of patients
(sample size calculations suggest about 75,000 patients per group) for adequate power to
test the hypothesis that NSAIDs cause additional bleeding.12 Such a randomized trial
would not be feasible, but a cohort study, which uses information from large administra-
tive databases, would be possible.

The danger in using observational studies to assess possible harmful exposures is that
exposed and unexposed people may begin with different risks of the target outcome.
For instance, in the association between NSAIDs and the increased risk of upper gas-
trointestinal bleeding, age may be associated both with exposure to NSAIDs and with
gastrointestinal bleeding. In other words, because patients taking NSAIDs are older and
because older patients are more likely to bleed, this confounding variable makes attribu-
tion of an increased risk of bleeding to NSAID exposure problematic.

Table 5-2 Directions of Inquiry and Key Methodological Strengths
and Weaknesses for Different Study Designs

Design Starting Point Assessment Strengths Weaknesses

Cohort Exposure Outcome Feasible when Susceptible to
status event randomization bias, limited

status of exposure validity
not possible

Case-Control Outcome Exposure Overcomes Susceptible to
event status temporal bias, limited
status delays, may validity

only require 
small sample 
size

Randomized Exposure Adverse Has low Limited
controlled status event susceptibility feasibility,
trial status to bias generalizability
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There is no reason to expect that people who self-select (or are selected by their
clinician) for exposure to a potentially harmful agent should be similar to nonexposed
patients, with respect to other important determinants of outcome. Indeed, there are
many reasons to expect that they will not be similar. Physicians and nurses are reluctant
to prescribe medications or other interventions that they perceive will put patients at
risk and so they selectively prescribe low-risk alternatives.

The prescription of benzodiazepines to elderly patients provides an example of the
way that selective prescribing practices can lead to a different distribution of risk in
patients receiving particular medications. This situation is referred to as the channeling
effect.13,14 Ray and colleagues15 found an association between long-acting benzodiazepines
and the risk of falls (relative risk [RR], 2.0; 95% confidence interval [CI], 1.6 to 2.5) in
data from 1977 to 1979, but not in data from 1984 to 1985 (RR, 1.3; 95% CI, 0.9 to 1.8).
The most plausible explanation for the change is that patients at high risk of falls (those
with dementia and anxiety or agitation) selectively received benzodiazepines during the
earlier period. Reports of associations between benzodiazepine use and falls led to
greater caution, and the apparent association disappeared when clinicians began to
avoid benzodiazepine use in patients at high risk of falling.

Therefore, investigators must document the characteristics of exposed and non-
exposed participants and either demonstrate their comparability or use statistical 
techniques to adjust for differences. Effective adjustment for baseline differences
in determinants of outcome requires the accurate measurement of those determinants.
Although large administrative databases provide a sample size that allows ascertainment
of rare events, they sometimes have limited quality of data concerning relevant patient
characteristics. For example, Phipps and colleagues16 combined data from the compre-
hensive 1996 and 1997 United States Birth/Infant Death data sets, which include all
recorded births in the United States during those 2 years, to determine whether 
full-term, healthy infants born to adolescents 15 years old and younger were at a higher
risk of postneonatal death compared with infants born to adult mothers. This database
allowed the investigators to identify postneonatal deaths in infants of more than
1.8 million mothers aged 12 to 29 years. The authors acknowledged, however, that
although the use of vital statistics data gave them enormous analytic power, they
did not have information on important determinants of outcome such as socioeco-
nomic status.

Even if investigators document the comparability of potentially confounding vari-
ables in exposed and nonexposed cohorts and even if they use statistical techniques to
adjust for differences, important determinants that they do not know about or have 
not measured may be unbalanced between groups and thus may be responsible for dif-
ferences in outcome. Returning to our earlier example, for instance, it may be that the
illnesses that require NSAIDs, rather than the NSAIDs themselves, are responsible for
the increased risk of bleeding. Given this potential for imbalance between groups with
respect to unknown determinants of outcome, the strength of inference from a cohort
study will always be less than that of a rigorously conducted RCT because randomiza-
tion is the best way to ensure that groups are balanced at baseline with respect to both
known and unknown determinants of outcome.
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Case-Control Studies

Rare outcomes, or those that take a long time to develop, threaten the feasibility of
cohort studies. An alternative design relies on the initial identification of cases, that is,
persons who have already developed the target outcome. The investigators then choose
controls—persons who, as a group, are reasonably similar to the cases with respect to
important determinants of outcome (e.g., age, sex, and concurrent medical conditions)
but have not experienced the target outcome. Using this case-control design, investiga-
tors assess the relative frequency of exposure to the suspected harmful agent in the cases
and controls and then adjust for differences in the known and measured determinants
of outcome. This design permits the simultaneous exploration of multiple exposures that
have a possible association with the target outcome.

For example, investigators used a case-control design to demonstrate the association
between diethylstilbestrol (DES) ingestion by pregnant women and the development of
vaginal adenocarcinomas in their daughters many years later.17 An RCT or prospective
cohort study designed to test this cause-and-effect relationship would have required at
least 20 years from the time when the association was first suspected until the comple-
tion of the study. Furthermore, given the infrequency of the disease, either an RCT or a
cohort study would have required hundreds of thousands of participants. By contrast,
using a case-control strategy, the investigators identified two groups of young women.
Those who had the outcome of interest (vaginal adenocarcinoma) were designated as
cases (n = 8), and those who did not experience the outcome were designated as con-
trols (n = 32). Then, working backward in time, the investigators determined exposure
rates to DES for the two groups. The investigators found a strong association between
in utero DES exposure and vaginal adenocarcinoma that was extremely unlikely to be
attributable to the play of chance (P < 0.00001). The investigators found their answer
without a delay of 20 years and by studying outcomes in only 40 women.

In another example, investigators used a case-control design to investigate the possible
relationship between residential exposure to magnetic fields from power lines and the
development of childhood acute lymphoblastic leukemia.18 They included 463 case-control
pairs from nine states in the United States in a matched analysis; the cases were diagnosed
with leukemia before the age of 15 years, and the controls were children matched for age,
race, and the first eight digits of their telephone number. Technicians, who were blinded to
the case and control status of the participants, measured magnetic fields for a 24-hour
period in homes in which the children had lived for at least 70% of the 5 years before the
date of diagnosis. The technicians also assessed residential wire code categories. The inves-
tigators adjusted risk estimates for the child’s age at diagnosis, sex, mother’s educational
level, and family income and found a nonsignificant trend toward an increased risk of child-
hood leukemia with magnetic field exposure (odds ratio [OR], 1.53; 95% CI, 0.91 to 2.56).

As with cohort studies, case-control studies are susceptible to unmeasured con-
founding variables, particularly when exposures vary over time. Furthermore, choice of
controls may inadvertently create spurious associations. For instance, in a study that
examined the association between coffee and pancreatic cancer, the investigators chose
control patients from the practices of the physicians who were looking after the patients
with pancreatic cancer.19 These control patients had various gastrointestinal problems,
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some of which were exacerbated by coffee ingestion. The control patients had learned to
avoid coffee; as a result, the investigators found an association between coffee (which the
patients with pancreatic cancer consumed at general population levels) and cancer.
Subsequent investigations, using more appropriate controls, refuted the association.20,21

These problems illustrate why clinicians can draw inferences of only limited strength
from the results of observational studies, even after adjustments are made for known
determinants of outcome.

Case Series and Case Reports

Case series (descriptions of a series of patients) and case reports (descriptions of individ-
ual patients) do not provide any comparison group and are therefore unable to satisfy the
requirement that comparison groups share a similar prognosis. Descriptive studies occa-
sionally demonstrate dramatic findings mandating an immediate change in clinician
behavior (e.g., recall the consequences when thalidomide was linked to birth defects22).
However, potentially undesirable consequences may occur when actions are taken in
response to weak evidence. Consider the case of the drug Bendectin (a combination of
doxylamine, pyridoxine, and dicyclomine used as an antiemetic in pregnancy), whose
manufacturer withdrew it from the market as a result of case reports suggesting that it
was teratogenic.23 Later, even though some comparative studies demonstrated the drug’s
relative safety,24 these investigations could not eradicate the prevailing litigious atmos-
phere, which prevented the manufacturer from reintroducing Bendectin. Thus, many
pregnant women who potentially could have benefited from the drug’s availability were
denied the symptomatic relief it could have offered.

In general, clinicians should not draw conclusions about cause-and-effect relation-
ships from case series but, rather, should recognize that the results may generate ques-
tions for regulatory agencies and clinical investigators to address.

Design Issues: Summary

Just as is true for the resolution of questions of the effectiveness of health care inter-
ventions, readers should look first for randomized trials to resolve issues of harm. They
will often be disappointed in this search and must make use of studies of weaker design.
Regardless of the design, however, readers should look for an appropriate control pop-
ulation before they make strong inferences about potentially harmful agents. For RCTs
and cohort studies, the control group should have a similar baseline risk of outcome, or
investigators should use statistical techniques to adjust or correct for differences. Similarly,
in case-control studies the exposed and nonexposed groups should be similar with respect
to determinants of outcome other than the exposure under study. Alternatively, investiga-
tors should use statistical techniques to adjust for differences. Even when investigators
have taken all the appropriate steps to minimize bias, readers should bear in mind that
residual differences between groups may always bias the results of observational studies.25

Because health care decisions in the real world are informed not just by research evidence
but also by professional judgment and patient preferences, people offered interventions
or exposures in nonrandomized studies are liable to differ in many ways (some related
to outcome) from persons who are not offered interventions or exposures (channeling
bias or effect).
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Were Exposed People Equally Likely to Be Identified in the Two Groups?

In case-control studies, ascertainment of the exposure is a key issue. For example, when the
parents of children with leukemia are asked about prior exposure to high-voltage elec-
tricity, such as power lines, they may be more likely to recall exposure than would control
group members, either because of increased motivation (recall bias) or because of greater
probing by an interviewer (interviewer bias). Readers should note whether investigators
used bias-minimizing strategies such as blinding participants and interviewers to the
hypothesis of the study. For example, a case-control study found a twofold increase in risk
of hip fracture associated with psychotropic drug use. In this study, investigators established
drug exposure by examining computerized claims files of the Michigan Medicaid program,
a strategy that avoided both recall and interviewer bias.26 The study of residential exposure
to magnetic fields from power lines and its association with the development of childhood
acute lymphoblastic leukemia relied on technicians, who were blinded to the case and con-
trol status of the study participants, to measure magnetic fields.18 In both cases, the assur-
ance of unbiased identification of exposure status increases our confidence in the findings.

Were Outcomes Assessed Uniformly in the Comparison Groups?

In RCTs and cohort studies, ascertainment of outcome is a key issue. For example, inves-
tigators have reported a threefold increase in the risk of malignant melanoma in persons
who work with radioactive materials. One possible explanation for some of the increased
risk could be that clinicians, aware of a possible risk, search more diligently and therefore
detect disease in exposed patients that would otherwise go unnoticed (or they may detect
disease earlier). This could cause the exposed cohort to have an apparent, but spurious,
increase in risk—a situation we refer to as surveillance or detection bias.27

Was Follow-up Sufficiently Complete?

As we point out in Chapter 4, Health Care Interventions, loss to follow-up can introduce
bias because patients who are lost to follow-up may have very different outcomes from
those still available for assessment. The longer the required follow-up period, the greater
the possibility that the follow-up will be incomplete.

For example, in a well-executed study, investigators determined the vital status of
1235 of 1261 white men (98%) employed in a chrysotile asbestos textile operation
between 1940 and 1975.28 The relative risk of lung cancer death over time increased
from 1.4 to 18.2 in direct proportion to the cumulative exposure among asbestos work-
ers with at least 15 years since first exposure. Because the 2% missing data were unlikely
to affect the results, the loss to follow-up does not threaten the validity of the inference
that asbestos exposure causes lung cancer deaths.

Using the Guide

The study2 examining the impact of the MMR vaccine on autism used a population-
based cohort design and included all children born in Denmark between 1991
and 1998 (537,303 children representing 2,129,864 person-years) of whom
440,655 (82%) had received the MMR vaccine. The investigators obtained data

Continued
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Using the Guide—cont’d

from existing national databases. They identified the children through the national birth
registry and determined vaccination status from a national database maintained on an
ongoing basis from mandatory reports by general practitioners. It appears, therefore, that
both exposed (vaccinated) and unexposed (unvaccinated) children were equally likely
to be identified in the birth cohort. The major strength of the use of large databases
for this study is that it eliminates the possibility of biased assessment of exposure. If
the data had been collected from parents instead, it is possible that those with children
who developed autism might recall vaccination-related information differently than
those whose children did not develop autism (recall bias) or interviewers may have
probed more or less depending on whether the child had autism (interviewer bias).

The investigators ascertained the main outcome of interest—a diagnosis of autism or
autistic-spectrum disorder—from the Danish Psychiatric Central Register in which all
such diagnoses are routinely registered. They identified 316 children with a diagnosis of
autistic disorder and 422 with a diagnosis of other autistic-spectrum disorders. It seems
likely that vaccinated children were no more or less likely to be assessed for autism than
unvaccinated children because most of the adverse publicity around the MMR vaccine
has happened since 1999; however, it is possible that some of the diagnosing psychia-
trists were attuned to a suspected link and therefore may have looked more carefully for
signs of autism in those children whom they knew had received the MMR vaccine, a
state of affairs known as surveillance or detection bias. As a check on this, the authors of
the study performed an extensive review of the records of 40 children (13% of all the
children with autistic disorder) diagnosed with autism. The diagnosis was validated in
37 of these cases; the three children who did not meet the criteria for autistic disorder
were all classified as having other autistic-spectrum disorders. Furthermore, any height-
ened awareness of the possibility of autism among the clinicians would bias the results
in favor of a spurious association between autism and vaccine exposure.

The authors followed each child from 1 year of age until the diagnosis of autism or
an associated condition, emigration, death, or the end of 1999, whichever occurred first.
Given that children born between January 1, 1991 and December 31, 1998 were included
in the study, the minimum follow-up period was 1 year, and the maximum was 9 years.
Any events that occurred before vaccination were attributed to the nonvaccinated group.
After children were vaccinated, all events were attributed to the vaccinated group. The
data from 5028 children (0.9%) were censored as a result of death or emigration.

The investigators obtained information on potential confounders from the Danish
Medical Birth Registry, the National Hospital Registry, and Statistics Denmark. These
confounders, which included age, sex, birth weight, gestational age, mother’s educa-
tion, and the socioeconomic status of the family, were controlled for in the analysis.

The number lost to follow-up is small in percentage terms (less than 1% of the total
population). This still leaves us uncomfortable because the absolute number lost to
follow-up (5028) is much larger than the number of children who developed autism
or related disorders (738).

In summary, even though the study has the limitation inherent in any observa-
tional study—that exposed (vaccinated) and unexposed (unvaccinated) children may
differ in prognosis at baseline—and despite the loss to follow-up that is relatively large
in relation to the number of outcome events, this study has many strengths and war-
rants a review of the results.
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WHAT ARE THE RESULTS?

How Strong Was the Association Between Exposure and Outcome?

We describe the alternatives for expressing the association between an exposure and an
outcome, relative risk and odds ratio, in other sections of this book (see Chapter 4,
Health Care Interventions, and Chapter 27, Measures of Association). In a cohort study
assessing the long-term effects of alcohol consumption on mortality in men, 38 of 1833
nondrinking men died of stroke, compared with 17 of 503 men who drank more than
35 units of alcohol per week. The relative risk of mortality from stroke, (17/503)/
(38/1833), was 1.6.29 When adjusted for age, this relative risk became 2.3. The relative
risk tells us that death from stroke occurs more than twice as often in men who drink at
least 35 units of alcohol per week than in men who do not drink alcohol.

The estimate of relative risk depends on the availability of samples of exposed and
unexposed people in which the proportion of people with the outcome of interest can
be determined. The relative risk is therefore not applicable to case-control studies in
which the number of cases and controls—and, therefore, the proportion of persons
with the outcome—is determined a priori by the investigator based on the sample
size required for the study. For case-control studies, instead of using a ratio of risks
(relative risk), we use a ratio of odds (odds ratio): the odds of exposure of a case patient
divided by the odds of exposure of a control patient (see Chapter 27, Measures of
Association).

When considering both study design and strength of association, we may be ready to
interpret a small increase in risk as representing a true harmful effect when the study design
is strong, such as an RCT. A much higher increase in risk may be required of weaker designs,
such as cohort or case-control studies, because subtle findings are more likely to be caused
by the inevitably higher risk of bias. Very large values of relative risk or odds ratio represent
strong associations that are less likely to be caused by confounding variables or bias.

In addition to showing a large magnitude of relative risk or odds ratio, a second find-
ing will strengthen an inference that we are dealing with a true harmful effect. If, as the
quantity or the duration of exposure to the putative harmful agent increases, the risk of
the adverse outcome also increases (i.e., the data suggest a dose-response gradient), we are
more likely to be dealing with a causal relationship between exposure and outcome. The
finding that the risk of dying from lung cancer in male physicians who smoke increases
by 50%, 132%, and 220% for 1 to 14, 15 to 24, and 25 or more cigarettes smoked per
day, respectively, strengthens our inference that cigarette smoking causes lung cancer.30

How Precise Was the Estimate of the Risk?

Readers can evaluate the precision of the estimate of risk by examining the confidence
interval around that estimate (see Chapter 4, Health Care Interventions, and Chapter
29, Confidence Intervals). In a study in which investigators have shown an association
between an exposure and an adverse outcome, the lower limit of the estimate of relative
risk associated with the adverse exposure provides a minimal estimate of the strength of
the association. By contrast, in a study in which investigators fail to demonstrate an
association (a negative study), the upper boundary of the confidence interval around
the relative risk tells the clinician just how great an adverse effect may still be present,



Copyright © 2005, Mosby, Inc. All Rights Reserved. Portions copyright © 2002, American Medical Association. All Rights Reserved.

82 Part I The Basics: Using the Nursing Literature

despite the failure to show a statistically significant association (see Chapter 29,
Confidence Intervals).

HOW CAN I APPLY THE RESULTS TO PATIENT CARE?

Were the Study Participants Similar to the People in My Clinical Setting?

If possible biases in a study are not sufficient to dismiss the study out of hand, you must
consider the extent to which they may apply to the people in your community or the
patients in your care. Is the person in your setting similar to those described in the study
with respect to morbidity, age, sex, race, or other potentially important factors? If not,
is the biology of the harmful exposure likely to differ in the patient you are attending
(see Chapter 33, Applying Results to Individual Patients)? Are there important differ-
ences in the treatments or exposures between the patients you see and the patients stud-
ied? For example, the risk of thrombophlebitis associated with oral contraceptive use
described in the 1970s may not be applicable to patients in the 1990s because of the
lower estrogen dose in oral contraceptives used in the 1990s. Similarly, increases in uter-
ine cancer secondary to postmenopausal estrogen replacement do not apply to women
who are also taking concomitant progestins tailored to produce monthly withdrawal
bleeding with long-term, noncyclic use.

Was the Duration of Follow-up Adequate?

Let us return for a moment to the study that showed that workers employed in a
chrysotile asbestos textile operation between 1940 and 1975 showed an increased risk of
lung cancer death, a risk that increased from 1.4 to 18.2 in direct relation to cumulative
exposure among asbestos workers with at least 15 years since first exposure.28 Because
the follow-up was sufficiently long to capture a large proportion of the lung cancers
destined to occur, the results enhance our confidence in application of the results to
patients in our practice. By contrast, excessively short follow-up may fail to detect harm-
ful effects that emerge with longer observation.

What Was the Magnitude of the Risk?

The relative risk and the odds ratio do not tell us how frequently a problem occurs; they tell
us only that the observed effect occurs more or less often in the exposed group compared

Using the Guide

The investigators calculated the relative risk of autism in children immunized with
MMR vaccine versus those not immunized. The investigators found no association
between MMR vaccination and autism (adjusted RR, 0.92; 95% CI, 0.68 to 1.24). The
relative risk of other autistic-spectrum disorders was 0.83 (95% CI, 0.65 to 1.07).
There was no association between age at time of vaccination, time since vaccination,
or date of vaccination and development of autistic disorder.
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with the unexposed group. Thus, we need a method for assessing clinical importance. In
our discussion of evaluation of health care interventions (see Chapter 4, Health Care
Interventions, and Chapter 27, Measures of Association), we describe a way to calculate
the number of patients who must be treated to prevent an adverse event. When the issue
is harm, we can use data from a randomized trial or a cohort study, but not a case-con-
trol study, to make an analogous calculation to determine how many people must be
exposed to the harmful agent to cause an adverse outcome.

For example, investigators studied the relationship between MMR vaccination and
seizures in a large birth cohort as part of the Vaccine Safety Datalink project31 and found
that children vaccinated with MMR vaccine were significantly more likely to experience
febrile convulsions within 1 to 2 weeks of immunization than were unvaccinated chil-
dren of the same age. After adjustment for age, sex, health maintenance organization,
calendar time, and receipt of diphtheria-tetanus-pertussis vaccine, administration of
MMR vaccine was associated with a relative risk of febrile seizures between 8 and 
14 days after vaccination of 2.83 (95% CI, 1.44 to 5.55). When compared with seizure
rates in unvaccinated children, the absolute risk increase was 0.025%, the reciprocal of
which tells us that, on average, for every 4000 children we immunize with MMR vac-
cine, we will cause one excess febrile seizure. None of the children with febrile seizures
after vaccination went on to experience further nonfebrile seizures or to develop
epilepsy. In contrast, studies of antibiotic use for otitis media in children found that 
for every 17 children treated with antibiotics, one child experienced an adverse event
(usually vomiting, diarrhea, or skin rash).32

Should I Attempt to Stop the Exposure?

After evaluating the evidence that an exposure is harmful and after establishing that the
results are potentially applicable to the people in your care, determining subsequent
actions may not be simple. At least three factors should be considered in making a
clinical decision. First, how strong was the inference in the study or studies that demon-
strated harm in the first place? Second, what is the magnitude of the risk to patients if
exposure to the harmful agent continues? Third, what are the adverse consequences of
reducing or eliminating exposure to the harmful agent, that is, what is the magnitude of
the benefit that patients will no longer receive?

Clinical decision making is simple when both the likelihood of harm and its magnitude
are great. Because the evidence of increased morbidity from bed rest came from random-
ized trials,3 we can be more confident of the causal connection. The clinical decision is also
made easier when an acceptable alternative for avoiding the risk is available. For example,
beta blockers prescribed for the treatment of hypertension can result in a symptomatic
increase in airway resistance in patients with asthma or chronic airflow limitation. This risk
mandates the use of an alternative drug, such as a thiazide diuretic, in susceptible patients.33

Even if the evidence is relatively weak, the availability of an alternative can result 
in a clear decision. Early case-control studies demonstrating an association between
aspirin use and Reye’s syndrome, for example, were relatively weak and left consid-
erable doubt about the causal relationship. Although the strength of inference
was not great, the availability of a safe, inexpensive, and well-tolerated alternative,
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acetaminophen, justified use of this alternative agent in children who were at risk of
Reye’s syndrome.34

In contrast to early studies of aspirin and Reye’s syndrome, multiple well-designed
cohort and case-control studies have consistently demonstrated an association between
NSAIDs and upper gastrointestinal bleeding; therefore, the inference about harm has
been relatively strong. However, the risk of an upper gastrointestinal bleeding episode is
quite low, and, until recently, safer and equally efficacious antiinflammatory alternatives
have not been available. Clinicians have probably been correct in continuing to pre-
scribe NSAIDs for appropriate clinical conditions. Depending on both their safety 
profile after longer experience and cost-effectiveness considerations, NSAIDs that inhibit
cyclooxygenase 2 may prove to be an appropriate alternative class of agents.

Clinical Resolution

The MMR vaccine and autism study was based on a large database-derived birth
cohort. Even though the study suffers from the limitation inherent in any observational
study— that exposed (vaccinated) and unexposed (unvaccinated) children may differ
in prognosis at baseline—and despite the loss to follow-up that is relatively large in
relation to the number of outcome events, this study has many strengths, including
objective assessment of exposure to the MMR vaccine (rather than relying on self-
report and the possibility of recall bias), identification and adjustment for relevant
baseline differences, and accurate diagnosis of autism or autistic-spectrum disorders.
Furthermore, any possible ascertainment bias is likely to have led to an increase in
autism diagnosis in the exposed children versus the unexposed children. The investiga-
tors found no association between MMR vaccine and autism or MMR vaccine and
other autistic-spectrum disorders.

In focusing on an individual study, we have neglected to consider how the results
fit in with other evidence. A search of Clinical Evidence reveals a summary,35 which
had a search date of November 2001 and included a systematic review,36 an RCT com-
paring short-term effects of MMR vaccine in twins37 and two population-based stud-
ies38,39 that assessed harm. These studies, individually and together, found no evidence
that MMR vaccine was associated with developmental regression or autism compared
with placebo or no vaccine. Similarly, large cross-sectional time series studies have
consistently found no association between rates of MMR vaccine uptake and rates of
autism. Thus, the results of other studies are consistent with the findings of the study
we have reviewed in detail here. You decide that the strength of the study and the
volume of related evidence, matched against the known consequences of measles
infection, strengthen your conviction that MMR vaccine is safe and is an important
part of your health promotion role.

Finally, and most important, having scrutinized this research evidence, you feel
equipped to help parents participate in decisions about vaccinating their children.
You also feel better able to identify the inadequacies of the original research that
first suggested a link between autism and MMR vaccine. This study1 was a case series
of 12 children with developmental disorders. In eight of these children, the onset
of behavioral problems had been attributed by parents to MMR vaccination. Such a
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study design meets none of the criteria for demonstrating a causal link because there
was no comparison group of unvaccinated children. In other words, only very weak
evidence supports the link whereas stronger evidence suggests no causal relation.
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