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Decisions on diagnosis in family practice: Use of

sensitivity, specificity, predictive values and
likelihood ratios

Noel L. ESPALLARDO

Case scenario

A 51-year-old male presented for treatment with a
high-grade fever which had persisted for 7 days and
was associated with abdominal discomfort. He self-
medicated with paracetamol, which temporarily
relieved the fever, but it recurred a few hours later. He
also noted vague abdominal pain associated with a soft
bowel movement. There was no cough or any sign of
respiratory infection. On physical examination the
patient had normal vital signs with a temperature of
39°C. Typhoid fever was considered as a diagnosis
because there had been reports of a recent outbreak. In
order to make a correct diagnosis and give appropriate
treatment the physician must choose between a Widal
test or a dot-blot enzyme-linked immunosorbent assay
(ELISA) test.

Clinical dilemma

Although the Widal test was introduced over 100 years
ago it continues to be plagued with controversies
involving the quality of the antigens used and the
interpretation of the result, particularly in endemic
areas." A recently developed monoclonal antibody
test, the dot-blot ELISA was compared with the Widal
test and was found to be accurate using blood culture
as the reference standard.” Between these two available
tests, which should a family physician request? The
answer to this question depends on several factors:

e accuracy

e availability

e difficulty in performance

e and cost of the test.
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Another important consideration in making a diag-
nostic decision is to weigh up how much additional
information the test will add to what is already
known.

Measures and application of
diagnostic accuracies

The accuracy of tests is reported in terms of their sen-
sitivity, specificity, predictive values and likelihood
ratios. However, in primary care settings (which may
have a low disease prevalence) some doctors grossly
overestimate the disease probability from a screening
test, when the patient has a positive result.® They also
seem to confuse the sensitivity of the test with its
positive predictive value, that is, if the test is very
sensitive; a positive result means the presence of the
disease.* The correct definitions for sensitivity and pre-
dictive values are known to most doctors but only a
few know how to apply it correctly to their patients.®
These terms and their use need to be clarified in family
practice.

Sensitivity and specificity

Sensitivity is the proportion of patients who were pos-
itive for the test among all patients with the disease.
Specificity is the proportion of patients who were neg-
ative for the test among all the patients without the
disease.® The definition and practical value of these
measures are shown in Table 1.

Generally the sensitivity and specificity depend on
the cut-off values and may have some trade-off. A
more sensitive test may be less specific and a more
specific test may be less sensitive, so the decision on
what test to request is often not easy. The answer
depends on the purpose of doing the test. A family
physician often has to decide to rule out the possibil-
ity of a treatable disease because the outcome is dan-
gerous, that is, early detection of cervical cancer so
that surgical intervention can be done immediately.
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Table 1 Application of the different measures of diagnostic tests

Measures Definition Practical value
Sensitivity Property of test to detect patients with Ruling out disease for

the disease screening
Specificity Property of the test to exclude patient Ruling in a disease for giving

Positive predictive value

Negative predictive value

Likelihood ratio of positive result

with the disease

Probability that the patient has the
disease if test is positive

Probability that the patient does not
have the disease if the test is
negative

Likelihood of the test to be positive

difficult treatment
Patient education
Starting treatment
Patient education
Discontinue or no treatment

Medical decision making for

among patients with disease than
among patients without the disease
Likelihood of the test to be negative
among patients with disease than
among patients without the disease

Likelihood ratio of negative result

requesting further tests or
treatment

Medical decision making for
requesting further tests or
treatment

Table 2 How disease prevalence affects the predictive values

High prevalence

Low prevalence

Disease No disease Total Disease No disease Total
Positive 27 14 41 Positive 9 18 27
Negative 3 56 59 Negative 1 72 73
Total 30 70 100 Total 10 90 100

Thus, if the purpose is for ‘ruling-out’ a disease (mak-
ing sure the patient does not have cervical neo-
plasm), a more sensitive test will be the right choice.
In this case, a physician may request a regular Pap
smear, which is more sensitive but not specific to cer-
vical neoplasm. In some situations a physician has to
decide to only recommend treatment for those who
really have the disease because the effect of treatment
for a non-diseased patient can harm the patient
physically, emotionally or financially. Therefore,
when recommending hysterectomy for patients with
possible cervical neoplasm, a physician must be
guided by a more specific test like a cervical biopsy.
So if the purpose is for ‘ruling-in’ a disease, a more
specific test will be the right choice because a very
specific test is rarely positive in the absence of the
disease.

Predictive values

Measures that give the probability that the patient has,

or does not have the disease are the predictive values

(Table 1):

e A positive predictive value is the proportion of
patients with the disease among all patients who
were positive for the test.
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* A negative predictive value is the proportion of
patients who do not have the disease among those
patients who were negative for the test.

It gives us the probability of the presence or
absence of the disease if the test is positive or nega-
tive, respectively.

The predictive values are affected by the prevalence
of the disease. A test with 90% sensitivity and 80%
specificity in a population that has 30% prevalence of
the disease (Table 2) will have a positive predictive
value of 66% and a negative predictive value 95%. If
the same test is applied to an area where the preva-
lence of a disease is 10%, the positive predictive value
becomes 33% and the negative predictive value
becomes 99%. Thus a diagnostic test that was vali-
dated in high prevalence area, for example a hospital
setting, will have different predictive values when
applied to a family practice setting. The probability of
the disease may be wrong if we use the predictive val-
ues of the test obtained from hospital-based validity
studies for our patients in family practice.

Likelihood ratios

Likelihood ratios are alternative ways of describing the
usefulness of a diagnostic test. They summarize the



same information as sensitivity and specificity and
can also be used to calculate the probability of dis-
ease.” The likelihood ratio of a positive test result will
tell us how likely the test will be positive in a patient
with the disease compared with a patient without the
disease. The likelihood ratio of a negative test result
will tell us how likely the test will be negative in a
patient with the disease compared with a patient
without the disease. The main advantage of the likeli-
hood ratio is that it can be computed even if the result
is interpreted in different ways instead of just positive
or negative.

Bayesian decision making

The probability of a diagnosis can be calculated using
the likelihood ratio when the Bayesian concept is
applied (Table 3). The likelihood ratios used to com-
pute the probabilities were from the study of Nguyen
et al.? Going back to our case scenario, the physician
decided he will not treat the patient for typhoid fever
if the probability is 5% or lower and he will start
treating if the probability is 60% or higher (decision
threshold).

In applying the Bayesian concept, the first step is to
establish the probability of a disease before the test. An
accurate estimate of the pretest probability of the dis-
ease can come from:

e personal experience

e prevalence statistics

e practice databases, and

¢ medical published reports.®

The probability of typhoid fever in our case is
approximately 35%, the latest reported prevalence rate
in the area where the patient lives. If the physician
requested the Widal test the probabilities of the disease
will only be 41% and 12% if the test result is positive
or negative, respectively. Based on the threshold ini-
tially set, the physician will still request another test.
However, if the physician requested the typhi-dot test,
the probabilities will be 63% and 5% if the result of the
test will be positive or negative, respectively. These val-
ues are enough to decide on treatment based on the
initially set decision threshold.

Conclusion

Reporting test accuracy in terms of sensitivity, speci-
ficity, predictive values and likelihood ratios has been
done for many years now, however, only a minority of
family physicians could correctly apply it. The diffi-
culty in carrying out the required calculations when
using the Bayesian model probably explains there
under use in general practice.” Rather than blaming
doctors for this lack of aptitude, authors of diagnostic
test data should reconsider the way they communicate
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their research data.® This can be done by giving exam-
ples on how to apply their computed likelihood ratio
to the population with known pretest probabilities
and showing the post-test probabilities based on the
test result.

The use of simple presentation of likelihood ratios is
not without problems. Some general practitioners

tend to use likelihood ratios directly with pretest prob-
abilities instead of first converting them to pretest
odds, resulting in an overestimation of disease proba-
bilities.'® The problem however, is inadequate knowl-
edge of family physicians in applying the Bayesian
concept rather than inherent problems with likeli-
hood ratios.
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