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effects and costs of a medication when deciding a specific
treatment. Also, a specific patient may not fit the criteria for
enrollment of patients into a randomized controlled trial
(RCT). For example, an RCT demonstrated that rifaximin, a
nonabsorbable antibiotic, improved bloating in Lebanese
patients [3]. Will bloating (and other gastrointestinal symp-
toms) improve if rifaximin is used in patients with irrit-
able bowel syndrome (IBS) in the United States? If we assume
that these results are applicable to patients with IBS in the
United States, then is it worthwhile to use a treatment 
that may only produce a temporary relief of symptoms?
What if the patient had a past history of Clostridium difficile
colitis after a course of ciprofloxacin? Would the patient be
willing to risk another case of C. difficile colitis? What if the
patient does not have insurance and would have to pay $200
for this prescription? These questions are qualitative ques-
tions that require clinical judgments on the part of the patient
and the physician [4]. Although the best evidence from an
RCT [3] may identify an effective treatment for bloating, both
physician judgment and patient preferences must also be 
used for effective clinical decision making. Thus, EBM and a
reliance on best evidence is not intended to be “cookbook”
medicine [2].  

Nevertheless, EBM is a helpful tool for the quantitative
aspect of clinical decision making, which arises from a sys-
tematic examination of study methodology and study results
[2]. The medical literature is expanding at an exponential rate
[5], and the time available for reading may be hurried and
fragmented. Physicians need tools to build a framework for
the rapid evaluation of the methodology and results of pub-
lished studies, and EBM provides these tools (Tables 1.1 and
1.2). With these frameworks, physicians can rapidly identify
well-designed studies that produce accurate and unbiased
results and should be applied to patient care. Studies using
improper methodology and biased results are quickly identi-
fied and ignored. 

What is evidence-based medicine?

David Sackett, the “father” of evidence-based medicine (EBM)
stated that EBM is “the conscientious and judicious use of
current best evidence from clinical care research in the man-
agement of individual patients” [1]. Terms used in this defini-
tion can be explained as follows.
• Conscientious use implies that physicians review articles
about clinical research and apply this information to clinical
decision making.
• Current best evidence from clinical care research implies that
physicians systematically appraise the methods and results
of clinical research articles using EBM tools. With these tools,
physicians can separate the “wheat from the chaff” when
reading medical journals and identify poorly designed stud-
ies that will produce biased results and should be discarded
before being applied to patient care. This chapter will focus
on techniques to identify and interpret the best evidence from
properly designed research articles. 
• Judicious use implies that a physician’s experience and
patient’s preferences are crucial components of decision
making and that these judgments must be balanced with the
data from best evidence. 

Judicious use of best evidence is a particularly important con-
cept to understand [2]. Many critics state that the practice 
of EBM is “cookbook” medicine that devalues the judgment
of a clinician and the values of an individual patient. This
interpretation is inaccurate. Physicians must consider a
patient’s preferences about the potential benefits and side
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This chapter outlines systematic frameworks for the evalu-
ation of methodology and results of studies about diagnostic
tests and therapies; it reviews different statistical presentations
of study results and discusses the use of physicians’ clinical
judgments and patients’ preferences when applying these re-
sults to patient care. 
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Critical appraisal of an article about a
diagnostic test

Case scenario A – part I
A 65-year-old woman presents for colon cancer screening. The
patient has never been screened for colon cancer. She is asymp-
tomatic and she denies weight loss, hematochezia, abdominal
pain, or family history of colon cancer. You proceed to describe
the benefits and risks of colonoscopy. However, the patient has
heard radio advertisements for a virtual colonoscopy that uses a
computed tomography (CT) scanner to look for polyps (this
procedure is more appropriately called “CT colonography”).
This radio advertisement emphasized that colon perforations
can occur during colonoscopy. To provide adequate guid-
ance to this woman, you consider the following questions:
• What is the probability of colon polyps in this woman?
• How accurate is virtual or CT colonography for the diag-
nosis of colon polyps?

You decide to apply EBM frameworks [6] to appraise a
recent study [7] that examines the accuracy of CT colono-
graphy and answers these questions.

When are diagnostic tests necessary?
Is the pretest probability of disease so high or so low
that further diagnostic tests are not needed?
Pretest probability defines the likelihood that a patient has a
specific disorder before any diagnostic test result is available.
Diagnostic tests should be ordered when the pretest probabil-
ity is intermediate. If the pretest probability of a specific dis-
order is 50%, then accurate diagnostic tests may rule out the
disorder or definitively confirm the presence of the disorder.
Conversely, if the pretest probability is very high or very low,
then ordering additional diagnostic tests may be unnecessary.

Several examples illustrate the concept of pretest probabil-
ity. What diagnostic tests would you order for a hospitalized
patient who suddenly develops diarrhea? Stool tests for ova
and parasites are routinely ordered to evaluate diarrhea, but
the pretest probability of a parasitic infection in a hospital-
ized patient with new-onset diarrhea approaches zero [8]. In
this situation, the pretest probability is so low that stool tests
for ova and parasites should not be obtained. Conversely,
patients with peptic ulcers are rarely tested for Helicobacter
pylori in some countries (e.g., Armenia) because the preva-
lence of H. pylori approaches 100%. These patients are auto-
matically treated for H. pylori after identification of peptic
ulcers without testing for H. pylori. What level of pretest
probability is intermediate and suggests the need for diag-
nostic tests? Would it be 25% likelihood of disease being pres-
ent or 75% likelihood of disease being present? A physician
must use clinical judgment here and consider the cost, accur-
acy, and side effects of the diagnostic test, the consequences
of a “missed” diagnosis (i.e., if a missed diagnosis may have
fatal consequences, then clinicians will have a lower threshold

Table 1.1 Critical approach to an article about a diagnostic test

1. When are diagnostic tests necessary?

a. Is the pretest probability of disease so high or so low that further

diagnostic tests are not needed?

b. How is pretest probability estimated?

2. Assessing study design

a. Was there a blinded comparison of the diagnostic test to a gold

standard test?

b. Were negative study tests verified by performing the gold

standard test?

c. Was the diagnostic study tested in patients similar to the

population in which the test will be used?

3. Getting from pretest probability to posttest probability

a. Interpret and apply data about sensitivity and specificity.

b. Use likelihood ratios to maximize the data from a diagnostic test.

4. Applying the results of clinical research to your patient

a. Are the results applicable to your patient?

b. Is the test available with reproducible accuracy?

From Schoenfeld et al. [6].

Table 1.2 Critical approach to an article about a therapy

1. Assessing study design

a. Did the study use concealed random allocation?

b. Were patients and physicians blinded about allocation to

treatment or placebo groups?

c. Did groups receive equal treatment (cointerventions) except for

the experimental study treatment?

d. Did the study use an intention-to-treat analysis?

e. Was follow-up of study patients complete?

2. Clinically significant results and statistically significant results

a. Estimating treatment-effect size: relative risk reduction, absolute

risk reduction, and number needed to treat

b. Evaluating the sample size in a non-statistically significant study:

were enough patients entered into the study?

c. What is the precision of the treatment effect: how large are the

95% confidence intervals?

3. Applying the results of clinical research to your patient

a. Are the results applicable to your patient?

b. Are the potential treatment benefits worth the potential side

effects, cost, and inconvenience to your patient?

From Guyatt et al. [19].
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to order diagnostic tests), and a patient’s preferences. Patient
preference is an important concept with respect to diagnostic
tests. For example, many patients may be particularly anx-
ious that their symptoms represent the signs of a fatal disease.
These patients may need to be reassured by the results of a
negative diagnostic test, and physicians may have a lower
threshold to order diagnostic tests in this situation.

How is pretest probability estimated?
When physicians evaluate a patient’s complaint, they intui-
tively use their experience and clues from the history and
physical examination to estimate pretest probabilities for dif-
ferent medical disorders. However, these estimates are often
inaccurate [9]. The prevalence of a disorder (the proportion of
patients with a specific disorder at a distinct point in time)
provides a more accurate estimate of pretest probability.

Valid studies about the prevalence of a particular diagnosis
should meet several methodological criteria [10]. First, the
technique for confirming the diagnosis should be explicit and
credible. For example, colonoscopy would be an explicit and
credible test to estimate the prevalence of colon polyps.
However, flexible sigmoidoscopy, which does not examine
the right side of the colon, would not be a credible test.
Second, the technique for confirming the diagnosis should be
applied to consecutive patients who present with a specific
complex of symptoms, physical examination signs, or laborat-
ory results. For example, an appropriate study about preva-
lence of colon polyps could be applied to our case scenario if
the study enrolled patients who were women 50 years of age
or older, who were asymptomatic (e.g., no hematochezia or
abdominal pain), and who were undergoing colorectal can-
cer screening. Finally, clinicians should determine whether 
the characteristics of their patients are similar to those of the
patients examined in the study. For example, if a study estim-
ated the prevalence of colon polyps in women with a family
history of colon cancer, then the results from this study might
not apply to the patient in our case scenario because the
prevalence of colon polyps in patients with a family history of
colon cancer is higher than the prevalence of colon polyps in
patients with no family history of colon cancer. 

Case scenario A – part II
A recent publication in the New England Journal of Medicine
estimates the pretest probability for colon polyps in asymp-
tomatic, average-risk women referred for colon cancer
screening [11]. In this study, asymptomatic women referred
for colon cancer screening underwent colonoscopy. Colonos-
copy is a credible diagnostic test to define the prevalence of
colon polyps. Consecutive women referred for colon cancer
screening were offered colonoscopy. Patients were asymp-
tomatic (e.g., denied history of hematochezia, change in
bowel habits, or abdominal pain) and were screened with
complete blood cell counts and fecal occult blood tests to rule
out anemia or occult gastrointestinal (GI) bleeding. In this

trial, the prevalence of colon polyps among asymptomatic
women was 21%, and the prevalence of advanced colon polyps
(i.e., polyps larger than 10 mm, villous adenomas, adenomas
with high-grade dysplasia, or colorectal carcinoma) was
approximately 8% among women aged 60–69 years. Although
the prevalence of advanced colon polyps is not very high,
you recognize that a missed diagnosis of advanced colon
polyps could lead to a fatal colon cancer. This study also
demonstrates that evaluation of the left side of the colon with
flexible sigmoidoscopy is a very poor predictor of polyps 
in the right side of the colon. Therefore, it is clear that it is 
crucial to evaluate the entire colon despite guideline recom-
mendations which suggest that flexible sigmoidoscopy is still
a reasonable alternative for colon cancer screening [12]. With
this knowledge, you proceed to review the study about the
diagnostic accuracy of CT colonography [7].

Assessing study design
Was there a blinded comparison of a diagnostic test to a
gold standard test?
A gold standard or reference standard refers to a diagnostic
test that definitively establishes the presence or absence of
disease. For example, a study examining the diagnostic accur-
acy of magnetic resonance cholangiography (MRC) for the
diagnosis of choledocholithiasis used endoscopic retrograde
cholangiopancreatography (ERCP) as the reference test [13].
Reference standards are usually costlier, riskier, or more
inconvenient than new diagnostic tests being studied. Other-
wise, performing the reference standard would be more 
sensible. Biopsies, autopsies, surgical pathology, or even pro-
longed patient follow-up may also be reference standards
that determine the presence or absence of disease.

The results from the reference standard and the diagnostic
test should be examined by investigators who do not know
the patient’s history or the results of other tests. This blinded
comparison is especially important when the interpretation
of test results is subjective. For example, in the study assess-
ing the diagnostic accuracy of MRC [13], the radiologist’s
interpretation of the MRC would be biased if he or she knew
that the ERCP demonstrated choledocholithiasis.

Establishing a reference standard test may be an elusive
goal. New technologies may be more accurate than the estab-
lished reference standard test. If a potentially poor diagnostic
test is being used as the reference standard, then the diagnos-
tic accuracy of the new test may appear worse than it truly 
is. For example, one study evaluated the accuracy of ultra-
sonography to diagnose cholelithiasis but used oral cholecys-
tograms as the gold standard test [14]. In this study, only
patients with abnormal results on cholecystography were
referred for surgery. Five patients in this study had ultra-
sounds that showed evidence of cholelithiasis, but normal-
appearing cholecystograms. Based on this study’s analysis,
these positive ultrasound results were false-positive test
results (i.e., patients did not truly have disease). Ultimately,
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several of these patients underwent cholecystectomy because
of recurrent symptoms, confirming the presence of cholelith-
iasis and demonstrating that oral cholecystograms may not be
an adequate gold standard test.

Were negative study results verified by performing the
gold standard test?
Study results will be distorted if investigators use the results
of the new diagnostic test to decide whether or not to perform
the gold standard test. This verification bias may produce
biased study results in more than 50% of diagnostic test stud-
ies [15]. For example, in the study about the accuracy of MRC
for choledocholithiasis [13], a few patients with normal MRCs
actually had choledocholithiasis on ERCP. If ERCPs were
withheld from these patients (because investigators assumed
choledocholithiasis was absent based on the normal MRCs),
then MRC would appear more accurate than it truly is.

Was the diagnostic study tested in patients similar to
the population in which the test will be used?
Patients with end-stage disease may have grossly abnormal
diagnostic test results, making it easy to differentiate healthy
people from ill patients. For example, virtual colonoscopy
might easily differentiate patients with normal colons from
patients with end-stage, near-obstructing colon cancer. The
real value of a diagnostic test is its ability to identify patients
with early manifestations of disease (e.g., colon polyps) that
could be easily confused with a normal finding (e.g., stool).
To assess the accuracy of a diagnostic test properly, the test
should be studied in a broad range of patients, similar to the
patients seen in clinical practice [16]. The best example of this
spectrum bias may be carcinoembryonic antigen (CEA).

Measurement of CEA was evaluated as a diagnostic test 
for colorectal cancer. Initially, the test was studied in patients
with advanced colorectal cancer and in healthy controls [17].
The results demonstrated that almost all (98%) of the patients
with advanced colorectal cancer had elevated CEA, whereas
almost all healthy controls had low levels of CEA. These ini-
tial results raised hope that CEA might be a useful screening
tool for colorectal cancer. However, when this test was studied
in a broad population of patients with early-stage colorectal
cancer and patients with other GI disorders, the test was inac-
curate and unable to differentiate patients with early cancer
from patients with other disorders [18].

Case scenario A – part III
The study assessing the diagnostic accuracy of CT colono-
graphy used conventional colonoscopy as a gold standard,
which is appropriate. Conventional colonoscopy was per-
formed in all patients who underwent CT colonography,
which eliminates verification bias. Patients were average-
risk, asymptomatic men and women referred for colorectal
cancer screening, so CT colonography was being evaluated 
in a population of patients that was similar to the population
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in which it would be used. So, there was no spectrum bias. All
study patients proceeded to conventional colonoscopy even
if their CT colonography did not show any polyps. In other
words, negative study results were verified by performing
the gold standard test (i.e., conventional colonoscopy) and
verification bias was avoided. Finally, the comparison of the
CT colonography results with the conventional colonoscopy
results was completely blinded using a segmental unblind-
ing technique. After completion of the CT colonography, the
radiological examination was immediately examined by a
radiologist who reported the results for the cecum, ascending
colon, transverse colon, descending colon–sigmoid colon,
and rectum. The patient then immediately went for conven-
tional colonoscopy. During the colonoscopy, the colono-
scopist would complete the evaluation of a given segment of
colon (e.g., ascending colon). Then, a study coordinator
would reveal the results of the CT colonography for that seg-
ment of the colon. If a polyp was seen on CT colonography,
but not seen on conventional colonoscopy, then the colono-
scopist would carefully reexamine that portion of the colon. If
no polyps were found, then the result was a false-positive
finding on CT colonography. If a polyp was found on reex-
amination of the colon, then the result would be a false-negative
for conventional colonoscopy. This is a particularly elegant
technique to compare the new diagnostic test, CT colonogra-
phy, to the gold standard, conventional colonoscopy, because
the gold standard test is not perfect for identification of all
polyps and the new diagnostic test, CT colonography, may
occasionally identify polyps that are missed by conventional
colonoscopy. Overall, you determine that the article has ade-
quate methodology and you proceed to review the results.

Getting from pretest probability to posttest
probability
Interpret and apply data about sensitivity and
specificity
Sensitivity and specificity can be calculated from the classic 
2 × 2 table (see Fig. 1.1). The 2 × 2 table is completed by filling in
the true-positive test results (positive test result when disease
is present), false-positive test results (positive test result when
disease is absent), true-negative test results (negative test
result when disease is absent), and false-negative test results
(negative test result when disease is present). For example, a
recent study assessed the accuracy of ferritin for the diag-
nosis of iron deficiency anemia, using bone marrow aspirates
as a gold standard for the diagnosis of iron deficiency [19]. This
trial found that 150 patients had high ferritin levels (more
than 45 µg/L) and 85 patients had low ferritin levels (45 µg/L
or less). Of the 85 patients with low ferritin levels, 70 had 
iron deficiency anemia (true-positive test results) and 15 did
not (false-positive test results). Of the 150 patients with high 
ferritin levels, 135 patients did not have iron deficiency 
anemia (true-negative test results), and 15 did (false-negative
test results).
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In the 2 × 2 table (see Fig. 1.1), the formulas for sensitivity
(the percentage of patients with the disease in whom the test
results are positive) and specificity (the percentage of patients
without the disease in whom the test results are negative) are
defined. Using these formulas, the sensitivity of ferritin (with
a cutoff point of 45 µg/L of ferritin) for iron deficiency anemia
is 82%, and the specificity is 90%.

Unfortunately, sensitivity and specificity “work backwards”
from clinical practice, evaluating patients with known dis-
ease and providing data about the presence or absence of 
certain diagnostic test results. However, patients present
with symptoms and diagnostic test results, and we “work
forwards” with these results to determine the likelihood of
disease. The positive predictive value (PPV) and negative
predictive value (NPV) from the 2 × 2 table (see Fig. 1.1) pro-
vide these data. The formulas for PPV (the proportion of
patients with positive test results who have the disease) and
NPV (the proportion of patients with negative test results
who do not have the disease) are also provided in the 2 × 2
table. Using these formulas, the PPV for low ferritin level 
(45 µg/L or less) in the diagnosis of iron deficiency anemia 
is 82%. Hence, 82% of patients with ferritin levels of 45 µg/L
or less had iron deficiency anemia. The NPV for high ferritin
level is 90%, or 90% of patients with ferritin levels of more
than 45 µg/L did not have iron deficiency anemia. Before
clinicians apply PPV and NPV to their individual patients,
the limitations of these statistics must be recognized. Sens-

itivity and specificity usually remain relatively constant,
although they may vary slightly depending on the severity of
disease in a specific patient population. However, PPV and
NPV vary widely depending on the prevalence of the disease.
For example, consider if all internal medicine admissions to 
a hospital were screened with ferritin for iron deficiency 
anemia. In this diverse population, the prevalence of iron
deficiency anemia might only be 5%, although the prevalence
of iron deficiency anemia was 36% among the elderly anemic
patients in the ferritin–iron deficiency anemia study [19].
Assuming that the sensitivity and specificity remain con-
stant, a new 2 × 2 table (Fig. 1.2) can be constructed, produc-
ing a significantly lower PPV of 32% and a significantly higher
NPV of 99%. Hence, when prevalence of a disease decreases,
the PPV decreases and the NPV increases.

Use likelihood ratios to maximize the data from a
diagnostic test
Likelihood ratios express the likelihood that a particular
range of values for a diagnostic test will be found in a patient
with a specific disease. They overcome two weaknesses of
sensitivity/specificity and PPV/NPV. First, likelihood ratios
predict the presence of disease based on a diagnostic test
result (similar to PPV/NPV), but likelihood ratios do not
change with different disease prevalence (unlike PPV/NPV).
Second, studies reporting sensitivity and specificity usually
provide data about the accuracy of a diagnostic test around

Iron deficiency anemia

Anemia present

Test positive (Ferritin ≤ 45 mg/L) 70 (TP)

Test negative (Ferritin > 45 mg/L)

TP: True positive = test positive and disease present

FP: False positive = test positive and disease absent

FN: False negative = test negative and disease present

TN: True negative = test negative and disease absent

PPV: Positive predictive value

NPV: Negative predictive value

15 (FN)

Sensitivity: TP/(TP + FN)

= 70/(70 + 15) = 82%

15 (FP)

135 (TN)

PPV: TP/(TP + FP)

= 70/(70 + 15) = 82%

NPV: TN/(FN + TN)

= 135/(135 + 15) = 90%

Anemia absent

Specificity: TN/(FP + TN)

= 135/(135 + 15) = 90%

Figure 1.1 Sensitivity and specificity of

ferritin for the diagnosis of iron deficiency

anemia (36% prevalence of iron deficiency

anemia) in an elderly population. Data from

Guyatt et al. [19].

Iron deficiency anemia

Anemia present

Test positive (Ferritin ≤ 45 mg/L) 8 (TP)

Test negative (Ferritin > 45 mg/L) 2 (FN)

Sensitivity: TP/(TP + FN) =
8/(8 + 2) = 80%

17 (FP)

173 (TN)

PPV: TP/(TP + FP) =
8/(8 + 17) = 32%

NPV: TN/(FN + TN) =
173/(173 + 2) = 99%

Anemia absent

Specificity: TN/(FP + TN) =
173/(173 + 17) = 91%

Figure 1.2 Positive and negative predictive

value of ferritin in the diagnosis of iron

deficiency anemia in a hypothetical population

of 200 hospitalized patients (5% prevalence of

iron deficiency anemia).
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only one value. For example, the ferritin–iron deficiency ane-
mia study [19] calculated sensitivity and specificity of ferritin
around a cutoff point of 45 µg/L (i.e., ferritin level less than or
equal to 45 µg/L is consistent with iron deficiency anemia
and ferritin level greater than 45 µg/L is not consistent with
iron deficiency anemia). Intuitively, a patient with a ferritin
level of 5 µg/L is more likely to have iron deficiency anemia
than a patient with a ferritin level of 40 µg/L, but the sensitiv-
ity and specificity cannot differentiate between these two
patients. However, likelihood ratios are usually calculated
for multiple ranges of diagnostic test results, thereby max-
imizing the information from a diagnostic test. Thus, likeli-
hood ratios may facilitate the application of diagnostic test
results to patient care.

Mathematically, the likelihood ratio for a positive test result
is as follows: sensitivity / (1 – specificity), or true-positive rate/
false-positive rate.

The likelihood ratio for a negative test result is as follows:
(1 – sensitivity) / specificity, or false-negative rate/true-
negative rate.

In the ferritin–iron deficiency anemia study [15], likelihood
ratios were calculated for four ranges of ferritin: less than or
equal to 18 µg/L, 19–45 µg/L, 46–100 µg/L, and more than
100 µg/L (Table 1.3).

By using a nomogram [20], likelihood ratios easily convert
pretest probabilities to posttest probabilities (Fig. 1.3). Simply
place the base of a ruler at the pretest probability and angle
the ruler through the likelihood ratio to find the posttest
probability. For example, clinicians might assume that a 70-
year-old patient with a history of myocardial infarction, daily
use of aspirin, a mean corpuscular volume of 78, and a
hemoglobin level of 11 g/dL has a 50% pretest probability of
iron deficiency anemia (moderately higher than the preval-
ence of iron deficiency anemia among a general population 
of elderly anemic patients). If this patient has a ferritin level
of 5 µg/L, then the pretest probability of 50% and the likeli-
hood ratio of 41 produces a 98% posttest probability that iron
deficiency anemia is present. Conversely, if this patient has a
ferritin level of 110 µg/L, then the posttest probability is 10%.

Case scenario A – part IV
For patients with large polyps (at least 10 mm), CT colono-
graphy produced sensitivity of 93.8% and specificity of 96%
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with a likelihood ratio for a positive test of 23 and a likelihood
ratio for a negative test of 0.06. For patients with polyps larger
than 5 mm in size, CT colonography produced sensitivity of
88.7% and specificity of 79.6% with likelihood ratios of 4 for 
a positive test and 0.1 for a negative test. Based on the data
from the screening colonoscopy study in women [11], the
prevalence of large (more than 10 mm) polyps in 65-year-old
women is 5%, and the prevalence of colon polyps of larger
than 5 mm is about 10%. Therefore, using likelihood ratios, 
positive results on CT colonography for large polyps predicts
a 55% posttest probability of large polyps in our 65-year-old
woman. Positive results on CT colonography for colon polyps
larger than 5 mm predicts a 33% posttest probability of colon
polyps in our patient. 

The CT colonography is not very accurate for polyps 
that are 5 mm or less in size. However, this may not be a
significant concern because fewer than 1% of these polyps
have villous architecture or high-grade dysplasia contained
within them [21]. Therefore, these diminutive polyps are very
unlikely to develop into colorectal cancer. 

Applying the results of clinical research to 
your patient
Are the results applicable to your patient?
A study may have valid methodology, and the results may
indicate that the diagnostic test is accurate. However, if the

Table 1.3 Likelihood ratios for ferritin in the diagnosis of iron

deficiency anemia

Ferritin Likelihood ratio

> 100 mg/L 0.13

> 45 to ≤ 100 mg/L 0.46

> 18 to ≤ 45 mg/L 3.12

≤ 18 mg/L 41.47
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Figure 1.3 Nomogram for interpreting diagnostic test results. Adapted

from Fagan [20], with permission from the Massachusetts Medical Society.
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study patient population is much different from your patient
population (e.g., geriatric vs pediatric patients, symptomatic
vs asymptomatic patients), then the diagnostic test may per-
form differently in your patients. If your own patient meets
all the inclusion criteria of a study and the prevalence of dis-
ease is similar in your setting, the results are probably appli-
cable to your patient.

Physicians need to use their own judgment when there 
are no definitive research data about the accuracy of the diag-
nostic test in specific patients. For example, the study being
evaluated in the case scenario does not provide specific data
about the diagnostic accuracy of CT colonography in 60- to
69-year-old women. However, there is no obvious patholog-
ical or physiological reason why CT colonography should 
be less accurate among women aged 60–69 years compared
to other patients in this study. Thus, results from the CT
colonoscopy study [7] should be applicable to the case scen-
ario patient.

Is the test available with reproducible accuracy?
Even when a diagnostic test is adequately described to 
permit replication in your clinical setting, the test may not be
available. Some diagnostic tests require special equipment or
skilled examiners, which may not be widely available. For
example, CT colonography is not widely available outside 
academic medical centers in 2007. Many diagnostic tests,
including CT colonography, require subjective interpreta-
tion. A well-designed study of a diagnostic test will have the
diagnostic test results reviewed by examiners with different
levels of expertise. If experienced and inexperienced practi-
tioners produce similar interpretations of diagnostic test
results, then you may be assured that study results may be
reproduced in your own clinical setting. For example, previ-
ous studies [22] have demonstrated that both experienced
and inexperienced radiologists can accurately diagnose cho-
ledocholithiasis on MRC. Recent studies [23] demonstrate
that properly trained radiologists and gastroenterologists
produce reproducible and accurate interpretations of CT
colonography when the three-dimensional “fly-through” tech-
nique is used. The three-dimensional fly-through technique
produces an image that is similar to the endoscopic view of the
colon produced during conventional colonoscopy.

Case scenario A – part V
Based on the radio advertisement that she heard, CT 
colonography is available to the patient and the study that
examined the accuracy of CT colonoscopy indicates that it 
is very accurate for polyps larger than 5 mm in diameter.
Although you do not know about the experience of radio-
logists at this specific CT colonography center, you recognize
that properly trained radiologists appear to produce accurate
and reproducible evaluations of CT colonography if they 
use the three-dimensional fly-through technique. Overall,
you decide that CT colonography may be a reasonable 

alternative based on the quantitative data from this particu-
lar study [7]. However, you also review several qualitative
issues that the patient should consider before scheduling the
CT colonography.

CT colonography requires a full preparation to evacuate
stool from the colon. In fact, the study from the case scen-
ario also had patients drink a barium-based solution to tag
any remaining stool or water in the colon, and then used 
digital subtraction to remove these wastes from the three-
dimensional fly-through image. If the local CT colonography
center does not include this in their protocol, then they may
not be able to reproduce the accurate polyp detection
reported here [7]. Even if the local CT colonography center
does add barium-based solutions to their protocol, then
patients still need to go through two separate bowel prepara-
tions if they are found to have colon polyps (i.e., one bowel
preparation for the CT colonography and then a second
bowel preparation for the conventional colonoscopy that is
subsequently performed to remove polyps identified on CT
colonography). Many patients will not want to undergo two
separate bowel preparations. Also, CT colonography is not
reimbursed by most insurance policies, so the patient will
probably have to pay $800–$1000 for the procedure. Finally,
you reassure your patient that the reported rate of colon per-
foration during colonoscopy in asymptomatic individuals
undergoing colorectal cancer screening appears to be less
than 1 in 10 000 [23]. Given these issues, your patient decides
that she would prefer to proceed directly to colonoscopy. 

In the future, you recognize that CT colonography may
become widespread when Medicare and insurance compan-
ies reimburse for this service. Proof-of-concept studies have
demonstrated that CT colonography may be possible with-
out evacuation of stool with bowel preparation [24]. (i.e., con-
sumption of barium-based solution alone may be adequate to
perform digital subtraction of stool during CT colonogra-
phy.) If CT colonography is accurate, is reimbursed by insur-
ance, and is performed without evacuation of stool by bowel
preparation, then CT colonography could become the pre-
ferred tool for colorectal cancer screening. You are glad that
recent research [22] demonstrates that gastroenterologists
can also be taught to accurately interpret CT colonography
images. 

Critical appraisal of an article about 
a therapy

Case scenario B – part I
You are seeing a 75-year-old man with osteoarthritis of the
hip and a past history of a nonsteroidal antiinflammatory drug
(NSAID)-associated bleeding ulcer. His test results were 
negative for H. pylori infection during the evaluation of his
bleeding ulcer. The primary care physician has referred this
patient because treatment of osteoarthritis with acetaminophen 
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and physical therapy has been ineffective. The primary care
physician wants to restart the patient on an NSAID, but she is
still concerned about the risk for recurrent NSAID-associated
bleeding ulcers. Specifically, she asks the following questions.
• Among patients using NSAIDs, does the addition of proton
pump inhibitors (PPIs) reduce the frequency of GI bleeding?
• If the addition of PPIs does reduce GI bleeding, how large
is the reduction?
• Would it be more appropriate to place the patient on a
cyclooxygenase-2 (COX-2) -selective NSAID or on a com-
bination of PPI and conventional NSAID.

You recently saw an article [25] that may address the first
two questions. This trial randomized patients with a history
of H. pylori infection and NSAID-associated bleeding peptic
ulcers to receive NSAID + PPI vs NSAID + H. pylori eradica-
tion. You apply EBM frameworks [26] to determine whether
the study has appropriate methodology that is likely to pro-
duce accurate results (see Table 1.2).

Assessing study design
Did the study use concealed random allocation?
A patient’s response to treatment may be influenced by many
factors other than treatment. Age, severity of illness, and
comorbid medical problems will affect a patient’s prognosis
and limit the effect of treatment. Therefore, these factors
should be distributed equally between the treatment and
placebo groups (or between a “new” treatment group and a
control group) to identify a “true” or accurate estimate about
the effectiveness of the treatment. In an RCT, every patient
has an equal chance of receiving treatment or placebo when
they enter the trial, so that these factors are usually dis-
tributed equally between the treatment and placebo groups.

In a nonrandomized trial, physicians determine which
patients enter the treatment group and which patients enter
the placebo group. For unclear reasons, patients with a good
prognosis are disproportionately entered into the treatment
group in a nonrandomized trial. Patients with a good prog-
nosis are more likely to have a favorable outcome, regardless 
of the effectiveness of treatment [27]. Nonrandomized trials
illustrate that these studies demonstrate larger treatment
effects than randomized trials and are more likely to demon-
strate a false-positive result [27].

Concealment of allocation maintains the integrity of ran-
domization. In concealed random allocation, researchers
who obtain informed consent and enroll patients into a trial
do not know whether the next study patient will receive 
treatment or placebo. If concealment of allocation was used,
then the methods section of a study should indicate this 
(e.g., sealed, opaque, sequentially numbered envelopes were
opened after patients gave informed consent; a central coor-
dinating center was called for treatment assignment after a
patient gave informed consent). Researchers may subcon-
sciously wish to show that the therapy being studied is 
superior to the control therapy. Therefore, without concealed
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allocation, researchers may subconsciously assess a patient’s
prognosis and guide patients with good prognosis into the
treatment or new therapy group and guide patients with a
bad prognosis into the placebo or control therapy group.

Were patients and physicians blinded about allocation
to treatment or placebo groups?
Blinding simply means that the patients and physicians do
not know if the patient received placebo or treatment. This is
particularly important when the outcome is subjective. For
example, another study [28] compared rates of peptic ulcer
bleeding among patients with rheumatoid arthritis who took
a COX-2-selective NSAID or naproxen. As part of this study,
the VIGOR trial, the frequency of dyspepsia among study
patients was assessed. However, the assessment of dyspepsia
is quite subjective and variable. Both the patient and the
study physicians may assume that COX-2 inhibitors are less
likely to cause dyspepsia than conventional NSAIDs, like
naproxen, possibly introducing bias into their subjective
assessment of dyspepsia. Blinding both the patients and the
health-care personnel (double blinding) is the best method to
avoid this bias. Double blinding has been demonstrated to
prevent inflated estimates of treatment benefit in randomized
trials [29]. Randomization, concealed allocation, and double
blinding are the only techniques that have been shown to
reduce inflated estimates of treatment benefit in epidemio-
logical studies [27,29]. 

The importance of blinding is self-evident, but it may 
be difficult to ensure. For example, a recent double-blind,
randomized controlled trial compared lubiprostone with
placebo among patients with constipation-predominant IBS
[30]. In this trial, the study end point was global assessment
of improvement in IBS symptoms, which is clearly a sub-
jective outcome. However, lubiprostone, a calcium channel 
agonist, stimulates intestinal secretion of water and rapidly
increases the frequency of bowel movements in constipated
patients. Thus, patients using lubiprostone may have noted
the rapid increase in frequency of bowel movements and
assumed that they were using lubiprostone. This knowledge
may have unmasked the blinding process and biased the sub-
jective assessment of improvement in IBS symptoms. One
possible resolution would be to ask patients to guess whether
they had received lubiprostone or placebo at the end of the
trial. If 50% of patients receiving lubiprostone guess correctly
and 50% of patients using tegaserod guess incorrectly, then
the blinding process still worked.

Even when the study outcome is objective, it is still help-
ful to maintain double blinding. For example, one study of
primary prevention of bleeding esophageal varices with β-
blockers examined overall mortality as a study outcome [31].
This is certainly an objective outcome, but double blinding 
was still maintained in this study because of the risk for co-
interventions. Cointerventions are treatments other than the
study treatment that may affect the outcome, especially when
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the cointerventions are unequally distributed between the
treatment and placebo groups. For example, isosorbide-5-
mononitrate has been shown to reduce variceal bleeding [32].
Without double blinding, the physician or the patient might
be tempted to start isosorbide-5-mononitrate in one group
more than the other group. Double blinding limits the unequal
use of cointerventions.

Did the groups receive equal treatment
(cointerventions) except for the experimental 
study treatment?
Additional treatments or cointerventions are most problem-
atic when they are very effective, such as the additional use of
isosorbide-5-mononitrate in a study about the effectiveness
of β-blockers to prevent variceal bleeding. Although the
methodology of a study may be strengthened if all cointer-
ventions are withheld, it may be unethical to withhold effect-
ive treatment from patients enrolled in a study. Research
does not occur in a vacuum, and patients receive additional
treatments or cointerventions to optimize their health while
participating in a study. To balance this conflict, the indica-
tions to use cointerventions should be clearly described in the
Methods section, their use should be limited, and their use
should be recorded for later analysis.

The VIGOR trial [28], which compared a COX-2-selective
NSAID with naproxen in patients with isosorbide-5-
mononitrate, clearly described the use of cointerventions in
the Methods section. Patients were allowed to take other treat-
ments for rheumatoid arthritis, including acetaminophen,
methotrexate, and corticosteroids, even though concurrent
use of corticosteroids with NSAIDs increases the risk for seri-
ous NSAID-associated GI complications [33]. The frequency 
of serious NSAID-associated GI complications among cor-
ticosteroid-using patients who used rofecoxib or naproxen
was recorded for subgroup analysis. Concurrent use of other
NSAIDs was forbidden because use of multiple NSAIDs
increases the risk for NSAID-associated GI complications
[33]. Patients on NSAIDs develop dyspepsia, and over-the-
counter preparations to treat dyspepsia are readily avail-
able. So, recognizing that trials do not occur in a vacuum,
researchers allowed patients to use antacids or limited doses
of H2-receptor antagonists. In limited doses, these medica-
tions are unlikely to affect the occurrence of serious NSAID-
associated GI complications, but allowing use of these
medications will treat dyspepsia.

Did the study trial use an intention-to-treat analysis?
In almost every study, some patients stop taking the study
medication (treatment or placebo). They are noncompliant,
or they believe that the study medication is causing side
effects. An intention-to-treat analysis includes all random-
ized patients in the final data analysis, regardless of whether
the patients completed the study or were compliant. An
adherence-to-protocol analysis excludes patients who did

not complete the study owing to noncompliance or side effects.
An intention-to-treat analysis preserves the value of random-
ization because some patients with a poor prognosis may not be
able to complete the study, but these patients should be in-
cluded to understand fully the true effectiveness of a treatment.

An example best illustrates the concept of intention-to-
treat analysis. A randomized trial compared desipramine, a
tricyclic antidepressant, with placebo in patients with moder-
ate to severe symptoms of functional bowel disease [34].
Some patients randomized to receive desipramine withdrew
from the trial because they experienced severe side effects,
including constipation, which is a well-known complication
of anticholinergic drugs including tricyclic antidepressants.
In the intention-to-treat analysis, these patients must be con-
sidered treatment failures, and the intention-to-treat analysis
did not demonstrate that patients using desipramine were
significantly more likely to experience global relief of symp-
toms compared to patients using placebo (60% vs 47%, 
P = 0.13). 

An adherence-to-protocol analysis only includes patients
who complete therapy, estimating the likelihood of a good
outcome for patients who complete therapy. However, an
adherence-to-protocol analysis may lose the value of ran-
domization because patients unlikely to have a good outcome
are eliminated from analysis. In the adherence-to-protocol
analysis of patients with functional bowel disease, desipramine-
treated patients were significantly more likely to experience
global symptom relief (73% vs 49%, P = 0.006). Therefore, if a
patient with functional bowel disease can tolerate desipra-
mine without side effects, then they are more likely to ex-
perience global symptom relief compared to placebo-treated
patients. 

Robust studies will present both an intention-to-treat 
analysis and an adherence-to-protocol analysis, allowing
readers to assess fully the results and to make up their own
minds about the benefits of treatment. Because an intention-
to-treat analysis includes compliant patients and patients
who discontinue therapy as a result of side effects, it estim-
ates the likelihood of achieving a desired outcome when a
patient first starts a treatment, consistent with “real-world”
medical practice. The adherence-to-protocol analysis estim-
ates the likelihood of achieving a desired outcome when 
a patient can tolerate therapy without severe side effects.
Notably, the study from our example [34] recognized that
patients with constipation-predominant IBS were more 
likely to have side effects, while patients with diarrhea-
predominant IBS would benefit from the constipation
induced by desipramine. Therefore, the investigators per-
formed a subgroup analysis of diarrhea-predominant IBS
patients and demonstrated that desipramine was superior 
to placebo using an intention-to-treat analysis. Therefore, it
appears that desipramine is most appropriate for patients
with functional bowel disease who have diarrhea as their 
predominant bowel habit.
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Was follow-up of study patients complete?
When patients drop out of studies, several explanations are
possible. The patients may have disappeared because they
experienced a side effect or even died from the study treat-
ment, or they may stop follow-up because their symptoms
have resolved. How can you determine whether the loss to
follow-up biased the study’s results? In a treatment study
with a positive result, the study results could be recalculated,
assuming that all treatment group patients lost to follow-up
had a poor outcome and assuming that all control group
patients lost to follow-up had a good outcome. If the recalcu-
lated results still demonstrate a treatment benefit, then the
loss to follow-up did not cause a falsely positive study result.
To avoid recalculations, one short cut is available [26]: only
rare studies will still demonstrate a positive treatment effect
upon recalculation of study results if more than 15%–20% of
patients are lost to follow-up.

Case scenario B – part II
The study comparing NSAID + PPI with NSAID + H. pylori
eradication in patients with a history of H. pylori infection
and NSAID-associated peptic ulcer bleeding met all the 
criteria for a well-designed study: randomization, concealed
allocation, equal and minimal use of cointerventions, use of
double blinding, use of an intention-to-treat analysis, and
minimal number of patients lost to follow-up. Based on this
analysis, you decide that the study is likely to produce accur-
ate and unbiased results, and you proceed to review the 
statistical representations of the results.

Clinically significant results and statistically
significant results
Estimating treatment-effect size: relative risk reduction,
absolute risk reduction, and number needed to treat
The relative risk reduction (RRR) expresses the decreased
risk for an adverse outcome in the treatment group compared
with the risk for an adverse outcome in the placebo or control
group. For example, in a randomized, double-blind, inten-
tion-to-treat trial, patients with endoscopically treated bleed-
ing ulcers received either intravenous PPI or placebo. The
study end point was recurrent peptic ulcer bleeding: 22.5% of
patients receiving placebo had recurrent bleeding, whereas
7% of patients receiving intravenous PPI had recurrent bleed-
ing [35]. The RRR may be calculated as: (% placebo pat-
ients with bleeding – % treatment patients with bleeding) /
% placebo patients with bleeding, i.e., (22.5% – 7%) / 22.5%.

This RRR is 69%. Hence, a patient with an endoscopically
treated bleeding ulcer is 69% less likely to develop recurrent
bleeding from the ulcer when receiving an intravenous 
PPI compared with a similar patient not receiving an intra-
venous PPI.

Absolute risk reduction (ARR) is the reduction in adverse
outcomes between the placebo group and the treatment
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group. Although the RRR compares the risk for adverse 
outcomes between treated and placebo patients, the ARR
identifies the actual reduction in adverse outcomes for
treated patients. In the study of patients with endoscopic-
ally treated bleeding ulcer treated with intravenous PPI, the
ARR may be calculated as: % placebo patients with recurrent
bleeding ulcer – % patients receiving intravenous PPI with
recurrent ulcer bleeding, i.e., 25% – 7% = 15.5%.

Therefore, patients with an endoscopically treated bleed-
ing ulcer who receive intravenous PPI may decrease their
individual risk for recurrent ulcer bleeding by 15.5%.

The RRR can be misleadingly large if adverse outcomes 
are infrequent in patients receiving placebo or no treatment.
This concept is best illustrated by comparing the number
needed to treat (NNT) and ARR with the RRR. Consider the
results from the VIGOR trial [28]. The results from this trial
were reported as frequency of serious NSAID-associated 
GI complications (severe upper GI bleeding, perforation, or
obstruction) per 100 patient-years of NSAID use. There were
0.6 complications per 100 patient-years among patients using
a COX-2-selective NSAID, rofecoxib, and 1.4 complications
per 100 patient-years among patients using naproxen. Based
on these data, the RRR is as follows: (% naproxen patients
with complications – % rofecoxib patients with complica-
tions) / % naproxen patients with complications, i.e., (1.4% –
0.6%) / 1.4% = 60%.

In other words, a patient who uses the COX-2-selective
NSAID, rofecoxib, is 60% less likely to have a serious NSAID-
associated GI complication compared with a similar patient
who uses naproxen. This sounds impressive until you con-
sider the ARR. The ARR is as follows: % naproxen patients
with complications – % rofecoxib patients with complica-
tions, i.e., 1.4% – 0.6% = 0.8%.

In other words, an average NSAID-using patient who uses
a COX-2-selective NSAID, like rofecoxib, reduces his or her
individual risk for a serious NSAID-associated GI complica-
tion by only about 0.8%. The NNT allows interpretation of
study results in terms of patient care, especially when the
RRR is large and the incidence of adverse outcomes is small.
Specifically, the NNT is the inverse of the ARR, or 1 / ARR,
estimating the number of patients who need to be treated to
prevent one additional adverse outcome. In the VIGOR trial,
the NNT is 1 / ARR, i.e., 1 / 0.8% = 1 / 0.008 = 125.

In other words, for every 125 average patients treated with
COX-2-selective NSAIDs instead of naproxen for 1 year, one
additional serious GI complication will be prevented. Patients
and physicians may be less likely to choose a potentially better,
but more expensive, treatment if the study results are presented
as the ARR or NNT instead of the RRR [36]. Considering all
three statistics (ARR, RRR, NNT) helps both patients and
physicians assess the potential benefits of therapy.

Although the ARR and NNT may appear to be more useful
than the RRR, the RRR is valuable because of its versatility. 
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It provides the best estimate of treatment benefit among
patients with varying risks of adverse outcomes [37]. Patients
using NSAIDs receiving naproxen in the VIGOR trial only
had a 1.4% risk for serious NSAID-associated complications
per 100 patient-years of use. However, how beneficial would
rofecoxib be in a 78-year-old man with a past history of upper
GI bleeding? Based on previously published data [33], this
patient would have a significantly higher baseline risk for
serious NSAID-associated GI complications, approaching 
10 per 100 patient-years of use (i.e., 10% risk per year). Given
this baseline risk, applying the RRR decreases the risk for
serious NSAID-associated GI complications from 10% to 4%.
This produces an ARR of about 6% (10% – 4% = 6%) and an
NNT of about 17 (1 / 6% = 1 / 0.06 = 17). For this high-risk
patient, the added expense of a COX-2 inhibitor is out-
weighed by the significantly improved safety profile. The
value of the RRR is that it can be applied to patient popula-
tions with different inherent risks for adverse outcomes [37].

Evaluating the sample size in a non–statistically
significant study: were enough patients entered 
into the study?
Studies that do not demonstrate statistical significance 
may be interpreted as negative studies (i.e., the treatment is
no more likely than placebo to reduce adverse outcomes).
However, an adequate number of patients have to enter a
trial to demonstrate a statistically significant RRR, regardless
of the effectiveness of the treatment. Many trials that do not
yield statistically significant results have not entered enough
patients into the trial to demonstrate reliably an RRR of 25%
or even 50% [38]. When assessing study results, it should be
clear if a non-statistically significant result represents a truly
ineffective treatment or an inadequate enrollment of patients
into a study.

When investigators plan a study, multiple outcomes may
be analyzed, but the sample size is calculated based on only
one outcome. For example, in a study comparing ligation
plus octreotide with ligation alone in the prevention of recur-
rent bleeding from esophageal varices [39], the investigators
estimated that ligation plus octreotide would reduce recur-
rent bleeding from varices by 70% compared with ligation
alone. The study entered enough patients to demonstrate a
statistically significant RRR of 70% for recurrent bleeding,
and a statistically significant RRR of 76% was measured in 
the study. Investigators also evaluated 30-day mortality and
found that combined treatment reduced 30-day mortality 
by 52% compared with ligation alone, but this RRR was not
statistically significant (P = 0.09). However, only enough
patients to demonstrate a statistically significant RRR of 
70% for recurrent bleeding were enrolled in this study. Be-
cause the study demonstrated a strong trend for reduced 
30-day mortality with combined treatment, this therapy 
may truly be efficacious in reducing 30-day mortality, and

this non-statistically significant result is likely the result of
inadequate sample size.

What is the precision of the treatment effect: how large
are 95% confidence intervals?
Traditionally, a P value of 0.05 or less indicates statistical
significance. Studies with P values of 0.05 or less indicate that
there is a 5% or less likelihood that the difference between
treatment and placebo occurred due to chance. However, P
values do not provide data about the accuracy or precision of
study results. Confidence intervals do provide information
about the precision of study results.

The 95% confidence interval (95% CI) estimates the range
within which the true RRR or ARR resides 95% of the time
(i.e., if you repeated the same trial 100 times, then the RRR
would fall within the 95% CI in 95 of 100 trials). When the
lower limit of the confidence interval for RRR is greater than
zero, then the treatment is significantly better than placebo. If
the upper limit of the confidence interval around the RRR is
less than zero, then the treatment is actually harmful or worse
than placebo. For example, the RRR in the VIGOR trial for
fewer serious NSAID-associated GI complications with rofe-
coxib is 60% with 95% CI of 20%–80% [28]. Thus, the RRR for
serious GI complications with rofecoxib has a 95% likelihood
of being between 20% and 80% with the best estimate being
60%.

The magnitude of confidence intervals is determined by
the sample size [40]. Studies with large sample sizes have nar-
rower 95% CIs and a more precise estimate of the true RRR.
When the upper limit of a confidence interval around an RRR
is greater than zero, but the lower limit of the confidence
interval is less than zero, it is possible that the treatment
could be better, worse, or no different than placebo. If the
magnitude of benefit is moderate and the confidence interval
is wide and barely crosses zero, then the treatment is prob-
ably beneficial and the trial simply did not enter enough
patients. For example, one study [41] examined patients with
bleeding esophageal varices and compared band ligation
with sclerotherapy for reducing rebleeding. The RRR for
recurrent variceal bleeding with ligation was 48%, with 95%
CI of – 15% to 68%; however, only 77 patients were entered
into this study, which was not adequate to demonstrate a sta-
tistically significant RRR of 48%. A metaanalysis [42] pooled
the results from several studies, allowing the analysis of 547
patients. With this larger sample size, the RRR for recurrent
variceal bleeding with ligation was 42% (almost the same
RRR as the original randomized trial), but with a statistically
significant 95% CI of 16%–60%.

Case scenario B – part III
In the NSAID + PPI vs NSAID + H. pylori eradication study
[25], patients treated with NSAID + PPI had a 4.4% rate of
recurrent bleeding ulcer over 6 months compared with an
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18.8% rate of recurrent bleeding ulcer among patients treated
with NSAID + H. pylori eradication. You assume that the
NSAID + H. pylori eradication group represents a placebo-
type group for your patient. Given these results, you conclude
that NSAID + PPI is much better than NSAID + placebo with
an RRR = 77%, an ARR = 14.4, and an NNT = 7. 

Applying the results of clinical research to 
your patient
Are the results applicable to your patient?
If your patient meets the inclusion and exclusion criteria of a
study, then the results should be applicable to that patient.
Even if your patient is a year too old to be included in the
study or has a history of a comorbid disease not allowed in
the trial, these issues may not prevent the application of
study results to your patient. Ultimately, physicians must use
their clinical judgment to decide whether a patient differs
significantly from study patients, preventing application of
study results to that patient.

A study may not identify a statistically significant differ-
ence between placebo and treatment for all patients entered
in a study, but it may find a significant difference for a sub-
group of patients. Often, this subgroup of patients has more
severe disease with a higher frequency of adverse outcomes.
However, physicians should be cautious before applying
subgroup analyses to their patients, even if their patients fit
into the subgroups. If investigators evaluate multiple out-
comes in many subgroups, eventually one subgroup analysis
will be statistically significant simply owing to chance.

The results of subgroup analyses are more likely to be valid
if:
• the treatment effect is large
• only a few subgroup analyses were performed
• the subgroup analyses were hypothesized a priori (i.e.,
before performance of the study)
• it is consistent with current understanding of patho-
physiology
• other, independent studies have produced similar findings. 

For example, the VIGOR trial demonstrated that rofecoxib
decreased clinical upper GI events (i.e., symptomatic ulcers,
significant upper GI bleeding, perforation, or obstruction) in
the subgroup of patients with a past history of clinical upper GI
events. This subgroup analysis was one of only a few subgroup
analyses; it was hypothesized a priori. Pathophysiology sug-
gests that selective inhibition of COX-2 isoenzymes reduces
the inflammatory response without inhibiting COX-1 isoen-
zymes in GI mucosal cells and platelets, which should pre-
vent clinical upper GI events.

Are the potential treatment benefits worth the 
potential side effects, costs, and inconvenience 
to your patient?
When deciding whether to start a new treatment, both the
patient and physician should consider the inconvenience,
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side effects, and costs associated with the treatment. When
balancing the potential benefit of a treatment vs the potential
consequences, the NNT is a helpful tool. If the treatment is
cheap and convenient and the consequences of the adverse
event are potentially severe, then a large NNT may be accept-
able. For example, hundreds of health-care providers are 
vaccinated with hepatitis B vaccine to prevent one case of
hepatitis B. If the treatment is expensive and inconvenient
and has potentially significant side effects, then the treatment
may still be acceptable if the NNT is small and the conse-
quences of an adverse outcome are life-threatening.

Case scenario B – part IV
The NSAID + PPI vs NSAID + H. pylori eradication study did
not have a true placebo group, although it is likely that some
of the patients in the NSAID + H. pylori eradication group
actually had recurrent ulcers prevented by the H. pylori eradi-
cation treatment. Therefore, the 18.8% recurrent bleeding pep-
tic ulcer rate is probably an underestimation. Our patient
does not have H. pylori infection, so we can use the NSAID +
H. pylori eradication group as a rough estimate of recurrent
bleeding peptic ulcer rate in an NSAID + placebo group.

This study was performed in Hong Kong in patients 
of Asian descent. You are uncertain if you can apply these
data to your United States-born patient. There would have 
to be genetic or environmentally created differences in 
ulcer pathophysiology or PPI pharmacology between United
States-born and Asian patients to prevent you from applying
the results of this study to your patient. 

Finally, you wonder if you should consider recommending
a COX-2-selective NSAID for this patient. COX-2-selective
NSAIDs have been associated with increased risks of cardio-
vascular side effects, which could be detrimental for your
patient. Fortunately, your literature search identified a recent
study that compared a COX-2-selective NSAID, celecoxib, 
vs a conventional NSAID, diclofenac, + PPI. This study did
not find a statistically significant difference in recurrent ulcer
bleeding rates between the two groups: 4.9% vs 6.4% [43].
You also note that the average price of generic PPI + generic
NSAID is much less than the cost of branded COX-2-selective
NSAIDs. Therefore, you conclude that NSAID + PPI is the
most appropriate choice for your patient. 

Conclusions

Ultimately, decisions about the use of diagnostic tests and
treatments are balanced by possible benefits, harms, costs,
patient preferences, and availability of these interventions. In
this chapter, principles for the systematic appraisal and
application of clinical research have been reviewed. This
information will provide a basis to interpret the diagnostic
and therapeutic applications of GI technology, which will be
discussed in the ensuing chapters.
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