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THE DIAGNOSTIC PROCESS

Nurses make a variety of diagnoses in their daily practice including dehydration, skin
breakdown, electrolyte imbalance, and wound infection. Nurse practitioners also diag-
nose common acute conditions such as ear, vaginal, urinary, and respiratory tract infec-
tions; chronic illnesses; physical and substance abuse; and common psychiatric illnesses.
Making a diagnosis is a complex cognitive task that involves both logical reasoning and
pattern recognition.1,2 Although the process happens largely at an unconscious level,
there are two essential steps.

Step 1. In the first step, we identify possible diagnoses and estimate their relative
likelihood.3 Possible diagnoses may be of biological, psychological, or sociological
origins and are the object of the differential diagnosis. A differential diagnosis considers
the active alternatives that can plausibly explain a patient’s presentation (see Chapter 21,
Differential Diagnosis).

Step 2. In the second step of the diagnostic process, we incorporate new information
to change the relative probabilities, rule out some of the possibilities, and, ultimately,
choose the most likely diagnosis. The additional information increases or decreases 
the likelihood of each possible diagnosis. Thus, with each new finding, we move, albeit
intuitively and implicitly, from the pretest probability, to the posttest probability. Pretest
probability is the probability of the target condition being present before the results of a
diagnostic test are available. Posttest probability is the probability of the target condition
being present after the results of a diagnostic test are available.

If we know the properties of each piece of information, we can be highly quantita-
tive in our sequential move from pretest to posttest probability. Later in this chapter, we
will learn how. Because the properties of the individual components of the history and
physical examination often are not available, we must rely on clinical experience and
intuition to predict the extent to which findings from the various components will
modify our differential diagnosis.

Choices in the Diagnostic Process

How can we decide which disorders to pursue when considering a patient’s differential
diagnosis? If we were to consider all known causes to be equally likely and test for them
all simultaneously (the possibilistic approach), the patient would undergo unnecessary
testing. Instead, experienced clinicians are selective and consider first those disorders
that are more likely (a probabilistic approach), more serious if left undiagnosed and
untreated (a prognostic approach), or more responsive to treatment (a pragmatic
approach).

Will the Results Change My Management Strategy?
Will Patients Be Better off as a Result of the Test?
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Figure 6-1. Test and treatment thresholds in the diagnostic process.

Wisely selecting a patient’s differential diagnosis involves all three considerations
(probabilistic, prognostic, and pragmatic). Our single best explanation for the patient’s
clinical problem can be termed the leading hypothesis or working diagnosis. A few 
(usually one to five) other diagnoses, termed active alternatives, may be worth consider-
ing at the time of initial work-up because of their likelihood, seriousness if undiagnosed
and untreated, or responsiveness to treatment. Additional causes of the clinical problem,
termed other hypotheses, may be too unlikely to consider at the time of initial diagnos-
tic work-up, but they remain possible and could be considered further if the working
diagnosis and active alternatives are later disproved.

Diagnostic and Therapeutic Thresholds

Consider a patient who presents with a painful eruption of grouped vesicles in the distri-
bution of a single dermatome. In an instant, an experienced clinician would make a diag-
nosis of herpes zoster (shingles) and would consider whether to offer the patient treatment.
In other words, given the hallmark clinical signs, the probability of herpes zoster is so high
(near 100%) that it is above a threshold at which no further testing is required.

Next, consider a previously healthy athlete who presents with lateral rib cage pain after
being accidentally struck by an errant baseball pitch. Again, an experienced clinician
would recognize the clinical problem (posttraumatic lateral chest pain), identify a lead-
ing hypothesis (rib contusion) and an active alternative (rib fracture), and plan a test
(radiograph) to exclude the latter. If asked, the clinician could also list disorders that are
too unlikely to consider further (such as myocardial infarction). In other words, although
not as likely as rib contusion, the probability of a rib fracture is above a threshold for test-
ing, whereas the probability of myocardial infarction is below the threshold for testing.

These cases illustrate how we can estimate the probability of disease and then com-
pare disease probabilities to two thresholds (Figure 6-1). The probability above which the
diagnosis is sufficiently likely to warrant intervention defines the upper threshold. That
is, if a clinician believes that the diagnosis is sufficiently likely that he or she is ready to
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recommend treatment, the upper threshold has been crossed. This threshold is termed
the treatment threshold.4 In the case of shingles described earlier, the clinician judged the
diagnosis of herpes zoster to be above this treatment threshold of probability.

The probability below which a clinician decides a diagnosis warrants no further
consideration defines the lower threshold. This threshold is termed the no-test threshold
or the test threshold. In the case of posttraumatic lateral chest pain described earlier, the
diagnosis of rib fracture fell above the test threshold, and the diagnosis of myocardial
infarction fell below it.

For a disorder with a pretest probability above the treatment threshold, a confirming
test that raises the probability further would not assist diagnostically. On the other end
of the scale, for a disorder with a pretest probability below the test threshold, an exclu-
sionary test that lowers the probability further would not help diagnostically. When a
clinician believes that the pretest probability is high enough to test for, but not high
enough to begin treatment without confirmation (i.e., when probability is between the
two thresholds), testing will be diagnostically useful. It will be most valuable if it moves
the probability across either threshold.

What determines the treatment threshold? The greater the adverse effects of treatment
will be, the more we will be inclined to choose a high treatment threshold. For instance,
because a diagnosis of pulmonary embolus involves long-term anticoagulation with
appreciable risks of hemorrhage, we are very concerned about falsely labeling patients.
The invasiveness of the next test we are considering will also affect our threshold. If the
next test (such as a ventilation-perfusion scan) is without serious risk, we will be ready to
choose a high treatment threshold. We will be more reluctant to institute an invasive test
associated with risks to the patient, such as pulmonary angiogram, and this will drive
our treatment threshold downward; that is, we will be more inclined to accept a risk of a
false-positive diagnosis because a higher treatment threshold implies putting some
patients through the test unnecessarily.

Similar considerations bear on the test threshold. The more serious a missed diagno-
sis is, the lower we will set our test threshold. Because a missed diagnosis of a pulmonary
embolus could be fatal, we would be inclined to set our diagnostic threshold low.
However, this is again counterbalanced by the risks associated with the next test we are
considering. If the risks are low, we will be comfortable with our low diagnostic thresh-
old. The higher the risks will be, the more it will push our threshold upward.

Using Systematic Research to Aid in the Diagnostic Process

How do clinicians generate differential diagnoses and arrive at pretest estimates of dis-
ease probability? They remember prior cases with the same clinical problem, so disor-
ders diagnosed frequently have higher probabilities than diagnoses made less frequently.
Remembered cases are easily and quickly available, and they are calibrated to our local
practice setting. Yet our memories are imperfect, and the resulting probabilities are
subject to bias and error.5-7

Two sorts of systematic investigations can inform the process of generating a differen-
tial diagnosis. One type of study addresses the presenting manifestations of a disease or
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condition (see Chapter 20, Clinical Manifestations of Disease). The second, and more
important, type of study directly addresses the underlying causes of a presenting symp-
tom, sign, or constellation of symptoms and signs (see Chapter 21, Differential Diagnosis).

Having generated an initial differential diagnosis with associated pretest probabili-
ties, how can we incorporate additional information to arrive at an ultimate diagnosis?
For each finding, we must implicitly ask the following question: How frequently will this
result be seen in patients with one particular diagnostic possibility (or target condition)
relative to the frequency with which it is seen in competing diagnostic conditions? Once
again, we may intuitively refer to our own past experience. Alternatively, we can use data
from research studies focusing on test properties.

DIAGNOSTIC TESTS

We now provide guidelines to assess the validity of studies that explore the properties of
a diagnostic test. The validity will depend on the answers to questions about two key
design features: did the investigators (1) enroll the appropriate group of patients and 
(2) undertake the appropriate investigations to determine the true diagnosis? A system-
atic review of all diagnostic test studies addressing a particular issue will provide the
strongest inference (see Chapter 9, Summarizing the Evidence Through Systematic
Reviews). To understand and interpret such reviews, we must use the principles of assess-
ing primary diagnostic studies.

Clinical Scenario

How Accurate is Serum Ferritin for Diagnosing Iron-Deficiency Anemia in the Elderly?

As a new graduate of the nurse practitioner education program, you were recently hired
to work in a primary health care clinic. Last week, you saw a 73-year-old patient who
was new to the practice. His wife died last year, and he recently moved to this commu-
nity to live with his daughter. The patient described feeling increasingly fatigued over
the past few weeks and not having the energy he used to have. He reported needing to
take frequent rests and a nap in the afternoon, which was unusual for him. You learned
that he is a retired businessman who has enjoyed good health except for longstanding
osteoarthritis in the left knee. He has been taking ibuprofen for relief of the knee pain.
Clinical history and physical examination revealed nothing of note except the signs of
arthritis in the left knee. You ordered a complete blood cell count and asked to see him
again in 1 week. The test results came back today with a hemoglobin value of 10.0 g/dL
and a mean cell volume of 82. You are scheduled to see the patient tomorrow.

Iron-deficiency anemia is the most likely diagnosis, and a probabilistic approach to
diagnosis leads you to focus on this possibility. At the same time, the seriousness of
competing diagnoses of multiple myeloma and a primary bone marrow problem 
such as myelodysplastic disorder leads you to keep these alternatives in the back of
your mind. You are aware of certain tests purported to help with the diagnosis of
iron-deficiency anemia and decide to review these tests to confirm which is most
appropriate to use for this patient.
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FINDING THE EVIDENCE

You begin by formulating your question. The patient is an older person with anemia and
suspected iron deficiency; the exposure is the test for iron-deficiency anemia; and the
outcome is the definitive diagnosis of anemia by bone marrow aspiration. Although you
would not order bone marrow aspiration to diagnose anemia, you want to find a study
that evaluates noninvasive tests for iron-deficiency anemia against this “ideal” but inva-
sive test. You formulate the following question: in older persons, which noninvasive tests
accurately diagnose iron-deficiency anemia? Past experience has taught you that many
articles about diagnostic tests omit the key information that would be most valuable, the
likelihood ratios associated with the tests of interest. You connect to the Internet and to
MEDLINE at the United States National Library of Medicine Web site through PubMed.
Using the Clinical Queries feature, with diagnosis as the category and sensitivity as the
emphasis, and guided by the question you have formulated, you enter the terms “eld-
erly,” “iron-deficiency anemia tests,” “bone marrow aspiration,” and “likelihood.” The
search identifies two articles, but you rule out the first because it focuses on patients
with liver cirrhosis. The second article, however, “Diagnosis of iron-deficiency anemia
in the elderly,” by Guyatt and colleagues,8 seems highly applicable to your question. You
decide to obtain a copy of this article from the library.

In this chapter, we focus on how to evaluate the validity, results, and applicability of
studies examining the properties of diagnostic tests. Table 6-1 summarizes the criteria
for evaluating a study about interpreting diagnostic test results.

Table 6-1 Users’ Guides for an Article About Interpreting Diagnostic
Test Results

Are the Results Valid?

• Was the diagnostic test evaluated in a spectrum of patients with a low to high
probability of having the target disorder?

• Was there a blind comparison with an independent reference (gold) standard
applied similarly to all patients?

• Did the results of the test being evaluated influence the decision to perform the
reference (gold) standard?

What Are the Results?

• What likelihood ratios were associated with the range of possible test 
results?

How Can I Apply the Results to Patient Care?

• Will the reproducibility of the test result and its interpretation be satisfactory in
my clinical setting?

• Are the results applicable to the patients in my clinical setting?
• Will the results change my management strategy?
• Will patients be better off as a result of the test?
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ARE THE RESULTS VALID?

Was the Diagnostic Test Evaluated in a Spectrum of Patients With a Low 

to High Probability of Having the Target Disorder?

A diagnostic test is useful only to the extent that it distinguishes among conditions or
disorders that could otherwise be confused. Almost any test can differentiate healthy
persons from severely ill persons; this ability, however, tells us nothing about the clini-
cal utility of a test. The true, pragmatic value of a test is established only in a study that
closely resembles clinical practice. Another way to understand this point is to refer back
to Figure 6-1. The population of interest comprises patients with pretest probabilities
between test and treatment thresholds.

Tests are often developed by using an accessible population of patients known to have
the target condition and a group of healthy controls. If an instrument does not discrimi-
nate between those with and without the condition at this stage of development, then it is
unlikely to be clinically useful. The value of an assessment lies, however, in its ability to dis-
tinguish the full spectrum of patients with the condition (those with mild and severe
symptoms) from those who have similar symptoms arising from different disorders.
Diagnostically, it is easier to distinguish patients with florid presentation from those with-
out the condition than it is to identify patients with a mild presentation. A test will only
be useful if it can differentiate those likely to have the condition from those who do not.

Evaluations of new tests often omit the essential developmental stage of evaluation in
a real clinical population. For example, the ankle-brachial pressure index (ABPI), a meas-
ure of the functional state of lower limb circulation, is used to assess patients with leg
ulcers to rule out peripheral arterial disease. Compression bandaging of leg ulcers is con-
traindicated in patients with peripheral arterial disease. In the late 1960s, the normal
values of an ABPI were established by testing 110 patients with known occlusive periph-
eral arterial disease and comparing their test values with those of 25 healthy controls.9 

In patients with angiographic evidence of occlusion, the ABPI was less than 1.0, and in
healthy controls, the ABPI was greater than 1.0. However, until the mid-1990s, studies on
the validity of the ABPI had been conducted in selected populations such as patients in
vascular clinics. It is only recently that the utility of the ABPI has been tested in commu-
nity populations similar to those in which it is commonly used by community nurses.10

Stoffers and colleagues10 concluded that if the mean of three ABPIs was less than 0.9,
it was highly probable that peripheral arterial disease was present; if the mean of three
ABPIs was greater than 1.0, it was highly probable that peripheral arterial disease could
be ruled out; and if the mean of three ABPIs fell in the range of 0.9 to 1.0, this represented
a small area of diagnostic uncertainty requiring further assessment. A study examining
the influence of study quality on diagnostic accuracy for a given test found that studies
evaluating tests in diseased populations and a separate control group overestimated the
diagnostic performance compared with studies that used clinical populations.11

In the study of iron-deficiency anemia, the patient sample was appropriate because it
comprised consecutive patients who were older than 65 years who presented with
anemia. The study included both inpatients and outpatients at two community hospitals
in whom a complete blood count demonstrated previously undiagnosed anemia (men:
hemoglobin level less than 12 g/dL; women: hemoglobin level less than 11 g/dL).
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Was There a Blind Comparison With an Independent Reference (Gold)

Standard Applied Similarly to All Patients?

The accuracy of a diagnostic test is best determined by comparing it to the “truth.”
Accordingly, readers must assure themselves that an appropriate reference standard or
gold standard (such as biopsy, surgery, autopsy, or long-term follow-up) was applied 
to every patient, along with the test under investigation.12 For example, to determine
whether the Hopkins Verbal Learning Test could be used to detect mild dementia in
older people, scores on the test were compared with an independent assessment by a
psychiatrist using criteria from the Diagnostic and Statistical Manual of Mental Disorder,
fourth edition.13 Similarly, to determine the accuracy of rapid diagnostic testing (urine
dipstick or Gram stain of unspun urine) for diagnosing urinary tract infection in children,
test results were compared with the reference standard of urine culture.14 In the study of
iron-deficiency anemia, bone marrow aspiration was the reference standard.

One way a reference or gold standard can go wrong is if the test is part of the gold
standard. For instance, one study evaluated the utility of measuring both serum and
urinary amylase to diagnose pancreatitis.15 The investigators constructed a gold stan-
dard that relied on certain tests, including tests for serum and urinary amylase. The
incorporation of the test into the gold standard is likely to inflate the estimate of the
test’s diagnostic power. Thus, clinicians should insist on the independence of the test
and the gold standard.

In reading articles about diagnostic tests, if you cannot accept the reference standard
(within reason, that is—after all, nothing is perfect), then the study is unlikely to pro-
vide valid results. If you do accept the reference standard, the next question to ask is
whether the test results and the reference standard were assessed blindly (that is, by
interpreters who were unaware of the results of the other investigation). Clinical expe-
rience demonstrates the importance of blinding. Prior knowledge of the presence or
absence of a disorder could influence a clinician’s assessment. This is referred to as
expectation bias. Lijmer and colleagues found that unblinded assessments overestimated
correct diagnoses by as much as 30% compared with blinded studies (relative diagnos-
tic odds ratio, 1.3; 95% confidence interval, 1.0 to 1.9).11

The more likely it is that awareness of the reference standard result could influence
the interpretation of a new test, the greater is the importance of the blinded interpreta-
tion. Similarly, the more susceptible the reference standard is to changes in interpreta-
tion as a result of awareness of the test results, the more important is the blinding of the
reference standard interpreter. In the iron-deficiency study, a hematologist who was
blinded to the results of the laboratory tests interpreted the bone marrow aspiration as
iron absent, reduced, present, or increased.

Did the Results of the Test Being Evaluated Influence the Decision to

Perform the Reference (Gold) Standard?

The properties of a diagnostic test will be distorted if its results influence whether
patients undergo confirmation by the reference standard. This situation is sometimes
called verification bias16,17 or work-up bias.18,19 Lijmer and colleagues11 showed that stud-
ies in which different reference tests were used for positive and negative results of the
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test under study overestimated the diagnostic performance compared with studies using
a single reference test for all patients.

To avoid verification or work-up bias, participants need to receive both the test under
consideration and the reference standard, regardless of the outcome of the first test. In
some instances, participants who have had a negative test result may decide not to have
the reference standard, especially if it is an invasive procedure such as angiography.
Rather than exclude these participants, investigators can follow them up over an appro-
priate period and monitor them for symptoms of the target disorder.

In the iron-deficiency anemia study, all 259 patients had bone marrow aspiration and
the following laboratory tests: hemoglobin, mean red cell volume, red cell distribution
width, serum iron, iron-binding capacity, serum ferritin, and red cell protoporphyrin.
Bone marrow aspiration proved uninterpretable in 24 patients, leaving a relevant group
of 235 patients.

Using the Guide

Thus far, we have established that the patients in the iron-deficiency anemia study8

represented a spectrum of patients with low and high probability of having iron-
deficiency anemia; there was blind comparison by a hematologist with an independ-
ent reference standard (bone marrow aspiration); and all patients had both bone
marrow aspiration and the laboratory tests.

WHAT ARE THE RESULTS?

What Likelihood Ratios Were Associated With the Range 

of Possible Test Results?

The starting point of any diagnostic process is the patient presenting with a constella-
tion of signs and symptoms. Consider two patients with fatigue who are found to be
anemic (hemoglobin 10 g/dL). The first is the 73-year-old man who takes a nonsteroidal
anti-inflammatory agent and has no signs of another underlying disease. The second is
a similar patient with active rheumatoid arthritis, rheumatoid nodules, and an erythro-
cyte sedimentation rate of 80. Our clinical hunches about the likelihood of
iron-deficiency anemia are very different in these two patients. In the first patient, the
likelihood is quite high. In the second patient, because of the very high likelihood of
anemia of chronic disease, the probability of iron-deficiency anemia is much lower.
With the same intermediate serum ferritin result, the posttest probability of iron-defi-
ciency anemia will be very different in these two patients.

This line of reasoning reveals that, regardless of the results of the serum ferritin 
test, the tests do not tell us whether anemia is present. What they do accomplish is to
modify the pretest probability of that condition, thus yielding a new posttest probability.
The direction and magnitude of the change from pretest to posttest probability 
are determined by the test’s properties, and the most useful property is the likelihood ratio.
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The study of the diagnosis of iron-deficiency anemia revealed that serum ferritin 
was the most useful test. Consequently, the remainder of our discussion focuses on the
ferritin results. As depicted in Table 6-2, which was constructed from the results of the
iron-deficiency anemia study, there were 85 people with anemia as determined by bone
marrow aspiration and 150 people whose bone marrow aspiration excluded that diagno-
sis. For all patients, serum ferritin levels were classified into four categories: up to
18 mcg/L; greater than 18 and up to 45 mcg/L; greater than 45 and up to 100 mcg/L; and,
greater than 100 mcg/L. How likely is a serum ferritin level of 18 mcg/L or less among
people who have iron-deficiency anemia? Table 6-2 shows that 47 of 85 patients (or
0.553) had serum ferritin levels of 18 mcg/L or less. How often is the same test result, a
serum ferritin level of 18 mcg/L or less, found among people in whom iron-deficiency
anemia was suspected but excluded? The answer is 2 of 150 (or 0.013). The ratio of these
two likelihoods is called the likelihood ratio; for a serum ferritin level of 18 mcg/L or
less, it equals 0.553 divided by 0.013 (or 42.5). In other words, a serum ferritin level of
18 mcg/L or less is 42.5 times more likely to occur in a patient with, as opposed to with-
out, iron-deficiency anemia.

Similarly, we can calculate the likelihood ratio for each level of the diagnostic test
results. Each calculation involves answering two questions: First, how likely is a given
test result (say, a serum ferritin level greater than 18 and up to 45 mcg/L) among people
with the target disorder (iron-deficiency anemia)? Second, how likely is the same test
result among people without the target disorder? For a serum ferritin level greater 
than 18 and up to 45 mcg/L, these likelihoods are 23/85 (0.271) and 13/150 (0.087),
respectively, and their ratio (the likelihood ratio for a serum ferritin level greater than
18 and up to 45 mcg/L) is 3.11. Table 6-2 provides the results of calculations for other
serum ferritin results.

Table 6-2 Test Properties of Serum Ferritin

Iron-Deficiency Anemia
Present Absent

Serum Ferritin Likelihood
Results (mcg/L) Number Proportion Number Proportion Ratio*

≤ 18 47 47/85 = 0.553 2 2/150 = 0.013 42.5
> 18 ≤ 45 23 23/85 = 0.271 13 13/150 = 0.087 3.11
> 45 ≤ 100 7 7/85 = 0.082 27 27/150 = 0.18 0.46
> 100 8 8/85 = 0.094 108 108/150 = 0.72 0.13
Total 85 150

*Likelihood ratio: relative likelihood that a specific serum ferritin level would be expected in a patient
with (as opposed to without) iron-deficiency anemia. For example, for serum ferritin of ≤18 mcg/L, 

the likelihood ratio would be as follows:

A serum ferritin level of 18 mcg/L or less is 42.5 times more likely to occur in a patient with (as
opposed to without) iron-deficiency anemia.

(47/85) = 0.553
(2/150)    0.013  

= 42.5
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What do all these numbers mean? The likelihood ratios indicate by how much a given
diagnostic test result will raise or lower the pretest probability of the target disorder. A like-
lihood ratio of 1 means that the posttest probability is exactly the same as the pretest prob-
ability. Likelihood ratios greater than 1 increase the probability that the target disorder is
present, and the higher the likelihood ratio, the greater is this increase. Conversely, likeli-
hood ratios less than 1 decrease the probability of the target disorder, and the smaller the
likelihood ratio, the greater is the decrease in probability and the smaller is its final value.
The likelihood ratio for a positive test result (LR+) is the ratio of true-positive results (i.e.,
those in whom the test correctly identified the target disorder) to false-positive results (i.e.,
those in whom the test incorrectly identified the target disorder). The likelihood ratio for a
negative test result (LR–) is the ratio of false-negative results (i.e., those in whom the test
incorrectly identified the absence of the target disorder) to true-negative results (i.e., those
in whom the test correctly identified the absence of the target disorder).

How big is a “big” likelihood ratio, and how small is a “small” one? Using likelihood
ratios in your day-to-day practice will lead to your own sense of their interpretation, but
consider the following a rough guide:
• Likelihood ratios greater than 10 or less than 0.1 generate large and often

conclusive changes from pretest to posttest probability.
• Likelihood ratios of 5 to 10 and 0.1 to 0.2 generate moderate shifts in pretest to

posttest probability.
• Likelihood ratios of 2 to 5 and 0.2 to 0.5 generate small (but sometimes important)

changes in probability.
• Likelihood ratios of 1 to 2 and of 0.5 to 1 alter probability to a small (and rarely

important) degree.
Having determined the magnitude and significance of the likelihood ratios, how do we

use these ratios to go from pretest to posttest probability? We cannot combine likelihoods
directly in the same way that we can combine probabilities or percentages. Their formal
use requires converting the pretest probability to odds, multiplying the result by the like-
lihood ratio, and converting the consequent posttest odds into a posttest probability.
Although it is not difficult (see Chapter 27, Measures of Association), this calculation can
be tedious and off-putting; fortunately, there is an easier way.

A nomogram proposed by Fagan20 (Figure 6-2) does the conversions and allows an
easy transition from pretest to posttest probability. The left-hand column of the nomo-
gram represents the pretest probability, the middle column represents the likelihood
ratio, and the right-hand column shows the posttest probability. You obtain the posttest
probability by anchoring a ruler at the pretest probability and rotating it until it lines up
with the likelihood ratio for the observed test result.

Recall the patient in our scenario, the otherwise healthy 73-year-old man who takes
nonsteroidal anti-inflammatory agents. Most clinicians would agree that the probabil-
ity of iron deficiency as the explanation for this man’s anemia is quite high, about 70%.
This value then represents the pretest probability. Suppose that his serum ferritin level
is 150 mcg/L. Figure 6-2 shows how you can anchor a ruler at his pretest probability of
70% and align it with the likelihood ratio of 0.13 associated with a serum ferritin level
greater than 100 mcg/L. The result: his posttest probability is 23%. If, by contrast, his
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serum ferritin level is 30 mcg/L (likelihood ratio 3.11), then the probability of iron defi-
ciency increases to 88%. A serum ferritin level of 15 mcg/L (likelihood ratio 42.5) moves
the posttest probability to 99%.

The pretest probability is an estimate. We have already pointed out that the literature
on differential diagnosis can help us in establishing the pretest probability. Clinicians
can deal with residual uncertainty by examining the implications of a plausible range of
pretest probabilities. Let us assume the pretest probability in this case is as low as 60%
or as high as 80%. The posttest probabilities that would follow from these different
pretest probabilities appear in Table 6-3.

We can repeat this exercise for our second patient, the 73-year-old man with active
rheumatoid arthritis. Let us consider that his presentation is compatible with a 20%
probability of iron deficiency. Using our nomogram (see Figure 6-2), the posttest prob-
ability with a serum ferritin level of 150 mcg/L (likelihood ratio 0.13) is 3%; with a
ferritin level of 30 mcg/L (likelihood ratio 3.11), it is 44%; and with a serum ferritin
level of 15 mcg/L (likelihood ratio 42.5), it is 91%. The pretest probability (with a range
of possible pretest probabilities from 10% to 30%), likelihood ratios, and posttest prob-
abilities associated with each of the four possible results also appear in Table 6-3.
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Figure 6-2. Likelihood ratio nomogram. (Modified and reproduced with permission

of the Massachusetts Medical Society from Fagan TJ. Nomogram for Bayes theorem [letter].

N Engl J. Med. 1975;293:257. Copyright © 1975, Massachusetts Medical Society. All rights

reserved.) 
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Having learned to use likelihood ratios, you may be curious about where to find easy
access to the likelihood ratios of tests you use regularly in your clinical setting.
The Rational Clinical Examination21 is a series of systematic reviews of the diagnostic
properties of the history and physical examination published in JAMA. Black and
colleagues summarized much of the available information about diagnostic test prop-
erties in the form of a medical text.22

Sensitivity and Specificity

Readers who have followed the discussion to this point will understand the essentials of
interpretation of diagnostic tests. It is also helpful to understand two other terms in the
lexicon of diagnostic testing—sensitivity and specificity—because they remain in wide
use. Sensitivity is the proportion of people with the target disorder in whom a test result
is positive, and specificity is the proportion of people without the target disorder in
whom a test result is negative. To use these concepts, we have to divide test results into
normal and abnormal categories; in other words, we must create a table, two-rows by
two-columns. Table 6-4 presents the general form of a two-by-two (2 × 2) table that we

Table 6-3 Pretest Probabilities, Likelihood Ratios of Serum Ferritin
Results, and Posttest Probabilities in Two Patients With
Suspected Iron-Deficiency Anemia

Pretest Probability % Ferritin Result Posttest Probability
(Range)* (Likelihood Ratio) % (Range)

73-Year-Old Healthy Man Taking Nonsteroidal Anti-inflammatory Agents

70 (60–80)** ≤ 18 (42.5) 99 (98–99)
70 (60–80) > 18 ≤ 45 (3.11) 88 (82–93)
70 (60–80) > 45 ≤ 100 (0.46) 52 (41–65)
70 (60–80) > 100 (0.13) 23 (16–34)

73-Year-Old Man With Active Rheumatoid Arthritis

20 (10–30) ≤ 18 (42.5) 91 (82–95)
20 (10–30) > 18 ≤ 45 (3.11) 44 (25–57)
20 (10–30) > 45 ≤ 100 (0.46) 10 (5–17)
20 (10–30) > 100 (0.13) 3 (1–5)

*The values in parentheses represent a plausible range of pretest probabilities; in the first case, the
best guess of the pretest probability is 70%; values of 60% to 80% would also be reasonable
estimates. In the second case, the best guess of the pretest probability is 20%; values of 10% to 30%
would also be reasonable estimates.
**Sample calculation:
Pretest Probability = 70%

Likelihood Ratio: 42.5

Odds = 70% 0.70
100% – 70%  

= 
0.30   

= 2.33

Posttest Probability: Odds x Likelihood Ratio 2.33 x 42.5 99.025 = 99%
1 + (Odds x Likelihood Ratio) 

=
1 + (2.33 x 42.5) 

=
100.025
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use to understand sensitivity and specificity. We can transform a four-by-two table such
as Table 6-2 into any of three such two-by-two tables, depending on what we call normal
or abnormal (or depending on what we call negative and positive test results). Let us
assume that we call serum ferritin values of 18 mcg/L or less abnormal (or positive).

Table 6-5 presents a two-by-two table comparing the results of serum ferritin levels
with the results of bone marrow aspiration as a reference standard. To calculate sensitivity
from the data in Table 6-5, we look at the number of people with proven iron-
deficiency anemia (85) who were diagnosed as having the target disorder using the
serum ferritin test (47). The sensitivity is a/(a+c) = 47/85 or 55.3%. To calculate speci-
ficity, we look at the number of people without the target disorder (150) whose serum
ferritin test results were classified as normal (148). The specificity is d/(b + d) = 148/150
or 98.7%. We can also calculate likelihood ratios for the positive test result using the 
cut-point of 18 mcg/L: [a/(a + c)]/[b/(b + d)] = [47/(47 + 38)]/[2/(2 + 148)] = 42.5
(LR+) and for the negative test result using the same cut-point: [c/(a + c)]/[d/(b + d)]
= [38/(47 + 38)]/[148/(2 + 148)] = 0.45 (LR–). Note that with this cut, we not only lose
the diagnostic information associated with a varying serum ferritin greater than
18 mcg/L, but we also interpret serum ferritin results greater than 18 and up to 45 mcg/L
as if they decrease the likelihood of iron deficiency (we attribute a likelihood ratio
of 0.45 to all values greater than 18 mcg/L), when in fact they increase the likelihood
(we have already seen that the likelihood ratio of ferritin of greater than 18 and up to
45 mcg/L is 3.11).

Let us see how the test performs if we decide to put the threshold of positive versus
negative in a different place in the table. For example, let us define serum ferritin levels
greater than 100 mcg/L as normal. As shown in Table 6-6, the sensitivity is now 77/85

Table 6-4 Comparison of the Results of a Diagnostic Test With the
Results of the Reference Standard Using a 2 × 2 Table

Reference Standard

Test Results Disease Present Disease Absent

Disease present True False
Positive (a) Positive (b)

Disease absent False True
Negative (c) Negative (d)

Sensitivity (Sens) = a
a+c

Specificity (Spec) = d
b+d

Likelihood ratio for positive test (LR+) = sens a/(a+c) 
1 – spec 

= 
b/(b+d)

Likelihood ratio for negative test (LR–) = 1 – sens = c/(a+c)
spec   d/(b+d)
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or 90.6% (among 85 people with iron-deficiency anemia, 77 are diagnosed by
bone marrow aspiration), but what has happened to specificity? Among 150 people
without iron-deficiency anemia, only 108 had negative test results (specificity, 72%).
The corresponding likelihood ratios are 3.24 and 0.13. With this cut, we not only lose
the diagnostic information associated with varying serum ferritin levels of 100 mcg/L or
less, but we also interpret serum ferritin levels of greater than 45 and up to 100 mcg/L as
if they increase the likelihood of iron-deficiency anemia (we attribute a likelihood ratio of
3.24 to all values less than 100 mcg/L), when in fact they decrease the likelihood (we noted
earlier that the likelihood ratio of a ferritin level of greater than 45 and up to 100 mcg/L is
0.46). You can generate the third two-by-two table by setting the cut-point in the middle.
If your sensitivity and specificity values are 82.4% and 90%, respectively, and associated
likelihood ratios of a positive and a negative test are 8.24 and 0.20, you have it right.

In using sensitivity and specificity, you must both discard important information
and recalculate sensitivity and specificity for every cut-point. We recommend the likeli-
hood ratio approach because it is simpler and more efficient and avoids the need to classify
tests as “normal” and “abnormal”.

Table 6-5 Comparison of the Results of a Diagnostic Test (Serum
Ferritin) With the Results of the Reference Standard (Bone
Marrow Aspiration), Assuming Only Values ≤18 mcg/L
Are Positive (Truly Abnormal) 

Bone Marrow Aspiration

Iron-Deficiency Anemia Iron-Deficiency Anemia
Ferritin Results (mcg/L) Present Absent

≤ 18 47 (a) 2 (b)
> 18 38 (c) 148 (d)
Total 85 150

Sensitivity = a 47
a+c  

=
85 

= 55.3%

Specificity = d 148
b+d 

=
150 

= 98.7%

Likelihood ratio of a positive test (LR+) = a/(a+c)  = 0.553 = 42.5b/(b+d) 0.013

Likelihood ratio of a negative test (LR–) = c/(a+c)  = 0.447 = 0.45d/(b+d) 0.987

Using the Guide

Thus far, we have established that the results are likely true for the people who were
included in the iron-deficiency anemia study, and we have ascertained the likelihood
ratios associated with different test results. How useful is the test likely to be in our
clinical practice?
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HOW CAN I APPLY THE RESULTS TO PATIENT CARE?

Will the Reproducibility of the Test Result and Its Interpretation 

Be Satisfactory in My Clinical Setting?

The value of any test depends on its ability to yield the same result when it is reapplied
to the same patients whose clinical status has not changed. Poor reproducibility can
result from problems with the test itself (e.g., variations in reagents in radioimmunoassay
kits for determining hormone levels). A second cause of variable test results in these
patients arises when a test requires interpretation (e.g., the extent of ST-segment elevation
on an electrocardiogram). Ideally, an article about a diagnostic test will address the
reproducibility of the test results using a measure that corrects for agreement by chance
(see Chapter 30, Measuring Agreement Beyond Chance). This is especially important
when expertise is required in performing or interpreting a test. You can confirm this by
recalling the clinical disagreements that arise when you and one or more colleagues
measure an infant’s head circumference or a pregnant woman’s fundal height or exam-
ine the same electrocardiogram or chest radiograph, even if all of you are experts.

If the reproducibility of a test in the study setting is mediocre and disagreement
among observers is common, and yet the test still discriminates well between those 
with and without the target condition, it is very useful. Under these circumstances, the
likelihood is good that the test can be readily applied to your clinical setting. If repro-
ducibility of a diagnostic test is very high and observer variation is very low, either the
test is simple and unambiguous or those interpreting it are highly skilled. If the latter
applies, less skilled interpreters in your own clinical setting may not do as well.

Table 6-6 Comparison of the Results of a Diagnostic Test 
(Serum Ferritin) With the Results of the Reference
Standard (Bone Marrow Aspiration), Assuming Only
Values ≤100 mcg/L Are Positive (Truly Abnormal)

Bone Marrow Aspiration

Iron-Deficiency Anemia Iron-Deficiency Anemia
Ferritin Results (mcg/L) Present Absent

≤ 100 77 (a) 42 (b)
> 100 8 (c) 108 (d)
Total 85 150

Sensitivity = a 77
a+c 

=
85 

= 90.6%

Specificity = d 108
b+d 

=
150  

= 72.0%

Likelihood ratio of a positive test (LR+) = a/(a+c)  = 0.906 = 3.24b/(b+d) 0.28

Likelihood ratio of a negative test (LR–) = c/(a+c)  = 0.094 = 0.13d/(b+d) 0.72
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Using the Guide

The authors of the iron-deficiency anemia study8 explained that the blood test was
determined using a radioimmunoassay and provided a reference that could address its
reproducibility. A laboratory would do well to conduct its own quality control program
and run consistency checks on a periodic basis.

Are the Results Applicable to the Patients in My Clinical Setting?

Test properties may change with a different mix of disease severity or with a different
distribution of competing conditions. When patients with the target disorder all have
severe disease, likelihood ratios will move away from a value of 1.0 (sensitivity
increases). If patients are all mildly affected, likelihood ratios move toward a value of
1.0 (sensitivity decreases). If patients without the target disorder have competing
conditions that mimic the test results seen in patients who have the target disorder, the
likelihood ratios will move closer to 1.0 and the test will appear less useful (specificity
decreases). In a different clinical setting in which fewer of the disease-free patients have
these competing conditions, the likelihood ratios will move away from 1.0 and the test
will appear more useful (specificity increases).

The phenomenon of differing test properties in different subpopulations has been
demonstrated most strikingly for exercise electrocardiography in the diagnosis of coro-
nary artery disease. For instance, the more severe the coronary artery disease is, the
larger are the likelihood ratios of abnormal exercise electrocardiography for angio-
graphic narrowing of the coronary arteries.23 Another example comes from the diagnosis
of venous thromboembolism, in which compression ultrasound for proximal vein
thrombosis has proved more accurate in symptomatic outpatients than in asymptomatic
postoperative patients.24

Sometimes, a test fails in just the patients one hopes it will best serve. The likelihood
ratio of a negative dipstick test for the rapid diagnosis of urinary tract infection is
approximately 0.2 in patients with clear symptoms and thus a high probability of urinary
tract infection, but is more than 0.5 in those with low probability,25 a finding rendering
the test of little help in ruling out infection in the latter situation.

If you practice in a setting similar to that of the investigation and if the patient in
your setting meets all the study inclusion criteria and does not violate any of the exclu-
sion criteria, you can be confident that the results are applicable. If not, judgment is
required. As with health care interventions, you should ask whether there are com-
pelling reasons why the results should not be applied to patients in your clinical setting,
either because of the severity of disease or because the mix of competing conditions is
so different that generalization is unwarranted. The issue of generalizability may be
resolved if you can find a systematic review that pools the results of numerous studies.26

For example, Gorelick and Shaw14 conducted a systematic review of rapid diagnostic
tests such as dipstick and Gram stain tests of unspun urine for diagnosing urinary tract
infection in children.
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Will the Results Change My Management Strategy?

It is useful, when making management decisions, to link them explicitly to the probability
of the target disorder. As we have described, for any target disorder there are probabilities
below which a clinician would dismiss a diagnosis and order no further tests—the test
threshold. Similarly, there are probabilities above which a clinician would consider the
diagnosis confirmed and would stop testing and initiate treatment—the treatment
threshold. When the probability of the target disorder lies between the test and treatment
thresholds, further testing is mandated.27

Once we decide on our test and treatment thresholds, posttest probabilities have
direct treatment implications. Let us suppose that we are willing to treat patients with a
probability of iron-deficiency anemia of 90% or higher (knowing that we will be treating
10% of them unnecessarily). Furthermore, let us suppose that we are willing to dismiss
the diagnosis of iron-deficiency anemia in patients with a posttest probability of 10% or
less. You may wish to apply different numbers here; the treatment and test thresholds
are a matter of judgment, and they differ for different conditions depending on the risks
of treatment (if it is risky, you want to be more certain of your diagnosis) and the danger
of the disease if left untreated (if the danger of missing the disease is high, such as in
pulmonary embolism, you want your posttest probability to be very low before aban-
doning the diagnostic search).

In the 73-year-old otherwise healthy man taking nonsteroidal anti-inflammatory
agents, a serum ferritin level of 18 mcg/L or less would result in a posttest probability of
99% and would dictate treatment of iron deficiency and further investigation to deter-
mine its cause. A serum ferritin level greater than 18 and up to 45 mcg/L (88% posttest
probability) would dictate further testing to determine whether the man has iron-
deficiency anemia (perhaps a bone marrow aspiration or biopsy), as would a serum
ferritin level higher than 100 mcg/L (posttest probability 23%). In the 73-year-old man
with active rheumatoid arthritis, a serum ferritin level of 18 mcg/L or less would dictate
treatment (91% posttest probability of iron-deficiency anemia), and an intermediate
result of between 18 and 45 mcg/L (44% posttest probability) would require definitive
diagnosis with bone marrow aspiration. A test result of more than 100 mcg/L 

Using the Guide

The participants in the iron-deficiency anemia study8 were a representative sample of
men and women who were older than 65 years of age and were seen in one of two
teaching hospitals. The study excluded groups such as institutionalized patients, those
with recent blood transfusions or documented acute blood loss, and those who were
too ill, dying, or severely demented. Such patients are likely to have had a different
spectrum of competing conditions. The results of the study are readily applicable to
most clinical practices in North America.

The patient before you, in whom the differential diagnosis includes iron-deficiency
anemia, multiple myeloma, and a primary bone marrow problem such as myelodys-
plastic disorder, meets study eligibility criteria. Thus, you can be confident that the
results will apply in his case.
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(posttest probability of 3%) would allow the clinician to exclude a diagnosis of iron-
deficiency anemia.

If most patients have test results with likelihood ratios near 1, the test will not be very
useful. Thus, the usefulness of a diagnostic test is strongly influenced by the proportion of
patients suspected of having the target disorder whose test results have very high or very
low likelihood ratios. In the patients suspected of having iron-deficiency anemia, a review
of Table 6-2 allows us to determine the proportion of patients with extreme results (either
18 mcg/L or less, with a likelihood ratio of 42.5, or greater than 100 mcg/L, with a likeli-
hood ratio of 0.13). The proportion can be calculated as (47 + 2 + 8 + 108)/235 = 165/235
= 70%. Thus, 70% of patients have extreme results, substantiating the test’s usefulness.

A final comment has to do with the use of sequential tests. We have shown how each
item of a history or each finding on physical examination represents a diagnostic test.
We generate pretest probabilities that we modify with each new finding. In general, we
can also use laboratory tests or imaging procedures in the same way. However, if two tests
are very closely related, application of the second test may provide little or no additional
information, and the sequential application of likelihood ratios will yield misleading
results. For example, once one has the results of the most powerful laboratory test for
iron-deficiency anemia, serum ferritin, additional tests such as serum iron or transferrin
saturation add no further useful information.28 Clinical prediction rules deal with the lack
of independence of a series of tests that can be applied to a diagnostic dilemma and provide
clinicians with a way of combining their results (see Chapter 22, Clinical Prediction Rules).
For instance, the clinician in the scenario described earlier in this chapter could have used
a rule that incorporated aspects of the history and physical examination to classify patients
as having a high, medium, or low probability of iron-deficiency anemia.

Will Patients Be Better off as a Result of the Test?

The ultimate criterion for the usefulness of a diagnostic test is whether the benefits for
patients are greater than the associated risks.29 How can we establish the benefits and risks
of applying a diagnostic test? The answer lies in thinking of a diagnostic test as a thera-
peutic maneuver (see Chapter 4, Health Care Interventions). Establishing whether a test
does more good than harm will involve (1) randomizing patients to diagnostic strategies
that include or do not include the test under investigation and (2) following patients in
both groups forward in time to determine the frequency of important patient outcomes.

Using the Guide

Given the extreme likelihood ratios of serum ferritin in elderly people with fatigue, serum
ferritin levels are very likely to change management. For patients with a serum ferritin level
of 18 mcg/L or less, investigation of the cause of the iron-deficiency anemia with
colonoscopy and/or upper gastrointestinal endoscopy would be warranted for all but those
with very low pretest probabilities. For other test results, the best course of action (bone
marrow aspiration or biopsy, or investigation for blood loss) will differ depending on the
posttest likelihood, which is determined by both the pretest likelihood and the test result.
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When is demonstrating accuracy sufficient to mandate the use of a test, and when does
one require a randomized controlled trial? The value of an accurate test will be undisputed
when the target disorder is dangerous if not diagnosed, the test has acceptable risks, and
effective treatment exists. This is the case for the serum ferritin test that we have considered
in this chapter. Depending on the pretest probability and the patient’s relative aversion to
bone marrow aspiration and biopsy or invasive tests to look for causes of iron deficiency,
the appropriate interpretation of serum ferritin results will provide a clear course of action.

Clinical Resolution

At his clinic visit, you explain to the patient that his hemoglobin value is 10.0 g/dL,
which is lower than normal. You explain that you would like to do another blood test to
help you determine whether he has iron-deficiency anemia. The patient is keen to learn
more about why his hemoglobin is lower than it should be and agrees to have a serum
ferritin test.

The next week, when the patient returns to the clinic, you inform him that his
serum ferritin level is 15 mcg/L, a result with a likelihood ratio greater than 40, plac-
ing this patient’s posttest probability of iron deficiency anemia well above 90%. You
explain that the next step is to find out what is causing the iron deficiency. You have
consulted with the family physician in the clinic, and she recommends an upper gas-
trointestinal endoscopy and colonoscopy. You tell the patient that an upper gastroin-
testinal endoscopy involves inserting a small, flexible device with a camera through the
mouth and down the esophagus into the stomach and duodenum to identify possible
sources of blood loss, and a colonoscopy is a similar procedure in which the device is
inserted through the anus into the colon. The patient is worried but at the same time
eager to find out what is causing him to feel so tired and agrees to the procedures.
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