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INTRODUCTION

The dexamethasone suppression test (DST) is the most extensively studied
biological test in psychiatry. Despite this, its role in the diagnostic assessment of
psychiatric patients remains controversial. Shortcomings of the test include
limited sensitivity (45%) and limited specificity (75-80%) (1). The DST has many
proposed uses, including the differentiation of endogenous from non-endoge-
nous depressions, helping to decide when maintenance medications may be
withdrawn, and as a diagnostic test for major depression. This paper is con-
cerned with the latter use only, that is, the ability of the DST to function as a
useful diagnostic test for major depression.

The significance of the low sensitivity and specificity of the DST have been
discussed extensively in the psychiatric literature (2,3). When the DST is used as
a diagnostic test for major depression its sensitivity represents the likelihood of a
positive test given that the tested patient has a major depression. Specificity
represents the likelihood of a negative test given that the tested patient does not
have a major depression. Notably, both sensitivity and specificity represent
probabilities conditional on the presence or absence of disease. However, in the
usual clinical situation, the diagnosis is unknown at the time the diagnostic test is
ordered. Indeed, if the diagnosis is known then the test should not be per-
formed. Thus neither sensitivity nor specificity is directly relevant to the inter-
pretation of the results of diagnostic tests in a clinical setting. Another parame-
ter, the positive predictive value (+PV), is of more clinical relevance.

The usual formula for +PV is:

true positives

+PV = o o
true positive + false positives

This formula is difficult to apply in practice because the ‘true’ disease status must
be known to identify true and false positives. However, the +PV can be
estimated using another formula (which is actually an application of Bayes’
theorem):

Se (Pr)
~ Se(Pr) + (1 —Sp) (1 — Pr)
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Where:

Se = sensitivity
Sp = specificity
Pr = pre-test probability

The +PV of the DST represents the probability that a patient has major
depression, given that the DST is nonsuppressing. Thus, unlike sensitivity and
specificity, + PV quite closely reflects the process of clinical judgement faced by
the clinician in interpreting the results of a diagnostic test such as the DST. The
+ PV is affected by sensitivity, specificity and by the pre-test probability. Pre-test
probability refers to the likelihood that a patient has the condition being tested
for before the diagnostic test is performed. The usefulness of any diagnostic test
relates to its ability to change this probability. In an absolute sense, the probabil-
ity that the relevant illness is present is not changed by the diagnostic test.
However, a clinician’s best judgement about the correct diagnosis can be
changed by a test result. For example, if a clinician believes that the probability
of major depression in a given patient is say, 50% (pre-test probability) and a
positive DST increases that probability to 90% (in other words has a positive
predictive value of 90%) then the test has obviously been very useful as a
diagnostic test for that patient.

The pre-test probability of major depression in a given patient is influenced
by the clinical symptomatology exhibited by that patient. This parameter is
difficult to quantify. However, the pre-test probability is also influenced by a
number of demographic variables which are easy to quantify such as age, sex,
etc. The pre-test probability of depression in any subgroup of patients identified
by such a variable (eg. females aged 40-60 years) is equivalent to the point
prevalence of major depression in that particular subgroup of patients. Thus,
prevalence rates of major depression in subgroups of patients in a clinical setting
allow for the estimation of pre-test probability and subsequently, the use of this
parameter in clinical decision making.

The relationship between predictive value, sensitivity, specificity and pre-
test probability is of critical importance in the interpretation of diagnostic test
results. For example, the DST is generally regarded as a relatively specific test if
certain exclusion criteria are adhered to in choosing candidates for the test. By
definition, a specific test is very likely to be negative if a patient does not have the
condition being tested for, in this case, depression. Clinicians, therefore, may
assume that a positive DST is fairly strongly indicative of depression. However,
this is not necessarily the case; in fact, for statistical reasons (which will be
discussed below) a positive DST may be very significant in some cases and
virtually insignificant in others.

As discussed previously, the usefulness of any diagnostic test relates to its
ability to alter the pre-test probability. The statistical method designed to
quantify this alteration in probability is the post-test probability difference. This
statistic represents the difference between the pre- and post-test probability
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which is produced by a positive test. The post-test probability difference is
perhaps the best estimate of the contribution (in terms of probability) of a
diagnostic test to clinical judgement.

Another issue related to the interpretation of diagnostic tests is the negative
predictive value (—PV). This parameter quantifies the probability that an
individual with a negative test actually does not have the disease in question.
Because the DST is an insensitive test, its negative predictive value is always very
small and negative test results can never play a major role in diagnostic decision
making. The negative predictive value of the DST will therefore not be dis-
cussed.

Problems related to the interpretation of diagnostic data, such as those
discussed above, have received attention in the medical literature (4), including
the psychiatric literature (5). On some occasions, these principles have been
applied formally to complex clinical problems (6,7). However, neither empiri-
cally derived estimates of +PV nor of post-test probability difference are
generally available in the psychiatric literature. In fact, because the + PV varies
depending on the pre-test probability of depression, the +PV of the DST is
likely to be different in different groups and in different clinical settings. Using
Bayes’ theorem and estimates of sensitivity, specificity, and pre-test probability
of depression, one can calculate +PV and post-test probability difference.
Because pre-test probability can be easily estimated from chart reviews or
existing records, this method provides a practical way of making these parame-
ters available to clinicians in a particular setting who may use the DST. In fact,
the use of Bayes’ Theorem should enable any clinician with a basic knowledge of
the patient population in his or her clinical setting to estimate the predictive
value of the DST in a few seconds using only basic algebra. This, in turn, should
result in more sophisticated and accurate interpretation of DST results.

ESTIMATION OF PREDICTIVE VALUE OF THE DST:

As stated previously, Bayes’ theorem can be written as:

Se (Pr)
~ Se (Pr) + (1 — Sp)(1 — Pr)

+PV

Where:

Se = sensitivity
Sp = specificity
Pr = pre-test probability

For any particular subgroup of psychiatric patients in a particular setting
the pre-test probability of depression can be estimated as the prevalence of
major depression in that subgroup. The necessary information can be easily
gathered by examining existing records of samples of patients in that facility. In
some cases it may be possible to gather the necessary information from adminis-
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trative statistical records or medical records data bases. For example, if 40% of
females admitted to a particular unit have major depression, then the pre-test
probability of major depression for females, as a group, is 40%. Existing
estimates of sensitivity and specificity from the current literature can be used in
the formula. The post-test probability difference is calculated by subtracting the
pre-test probability from the +PV.

As an example of this method, we have recently estimated the +PV and
post-test probability difference of the DST in various subgroups of patients
admitted to the Calgary General Hospital. Within this paper, the example serves
two purposes; it generates estimates of +PV and post-test probability difference
for the DST (such estimates are generally not available in the psychiatric
literature), and it also illustrates the method whereby such estimates can be
generated for different psychiatric settings using Bayes’ Theorem.

METHODS

The medical records of all patients discharged from the psychiatric inpa-
tient units at the Calgary General Hospital over a three month period were
reviewed. This sample consisted of 243 patients. Information regarding the
presence or absence of a number of variables relevant to depression was
gathered. The variables included age, sex, marital status, employment status,
past psychiatric history, family history, and the presence or absence of suicidal
ideation. The patients in the sample were divided according to these variables
into sub-groups and the proportion of patients in each group receiving a clinical
diagnosis of major depression was recorded. The prevalence of depression in
each subgroup was taken as the pre-test probability of depression in that
subgroup. Bayes’ theorem was then used to estimate the +PV for the DST in
each group. Previously published estimates of sensitivity and specificity (1) were
used in the calculations. Post-test probability difference was calculated by sub-
tracting the pre-test probability from the +PV.

RESULTS

The results of the chart review are presented in two stacked bar graphs,
table #1 and table #2. In each graph, the bottom portions of the bars represent
the pre-test probability of depression in the variously defined clinical groups.
The upper portions represent the amount the DST adds to the estimated
probability of major depression (the post test probability difference). The total
height of each bar represents the positive predictive value of the test.

Within different clinical groups, the pre-test probability of depression varies
markedly. In this chart review, the prevalence of major depression varied from
3% (in males aged 20-40) to 59% (individuals with a past history of depression).
It can be seen that the post-test probability of depression is larger for clinical
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Predictive Value of the DST

Pre & Post-Test Probability by Age & Sex

80
70
60

40

. 11
30 T 1?

[
16
I

20 19 '

0N e I3

g

I 77
A NPEN S e AL

//

ALLPATIENTS  ALLMALES  ALLFEMALES MALES2040Y MALES 40-60Y FEMALES 20-40Y FEMALES 40-80Y

CLINICAL GROUP IDENTIFIED BY AGE & SEX

V] PRe-TEST [1I] POST-TEST

TABLE 2.

Predictive Value of the DST

For Different Clinical Groups

:_ [l]

80 il

= i // i
T %/// -
B %

CLINICAL GROUP

V] PRe-TEST [1] POST-TEST

43



44 JEFFERSON JOURNAL OF PSYCHIATRY

groups with a higher pre-test probability of depression. In reality, the post-test
probability difference is maximal when the pre-test probability is 50%. The
post-test probability, consequently, tends to be larger in groups with high
pre-test probability.

Generally, the test generated higher predictive values in 40-60 year olds
than in 20-40 year olds. The test generated higher predictive values in patients
belonging to clinical groups which are at high risk for depression; females,
individuals with a past history of depression, and individuals with a family history
of depression.

DISCUSSION

In several situations, namely in patients with a family history of depression
and in patients with a past history of depression the DST generated reasonably
high +PV (61% and 74% respectively) and post-test probability differences (15%
and 17% respectively). This suggests that the DST might be of some diagnostic
value in these situations. Of course the DST will not be useful for all patients
with a family history of depression or a past history of depression. Many such
patients will be diagnosable on clinical grounds alone; laboratory tests are not
helpful in this group. However, it is reasonable to assume that some patients in
these subgroups will present enough diagnostic uncertainty that a diagnostic test
could be helpful. In the other subgroups of patients which were identified, the
predictive value and post-test probability difference of the test was so low that it
is unlikely that the DST could be of any benefit to these patients.

These estimates of + PV apply only to one clinical population at one point in
time. The usefulness of the DST, as measured by +PV and post-test probability
difference, might vary with time at a particular institution and certainly would
be expected to vary between institutions. However, Bayes’ Theorem can be
applied with minimal expense and effort to aid in the interpretation of the DST.

The strategy described in this paper involves the collection of data relevant
to the application of Bayes’ theorem in an institution, and the subsequent use of
the theorem to enhance the utility of the test in that institution. It should be
mentioned that Bayes’ theorem could be applied to other sorts of data. For
example, prevalence estimates from community based epidemiologic studies
could be used to provide estimates of pre-test probability. Such an application
would lead to estimates of post-test probability and post-test probability differ-
ence which were meaningful at the community level, and thus have a more
intuitively meaningful interpretation. However, to the extent that selective
factors leading to admission at a particular hospital define the nature of the
population at that institution, such estimates may not be applicable clinically.

In summary, relative to the interpretation of some other diagnostic tests,
the interpretation of the DST is difficult. The concepts of sensitivity and
specificity may not provide clear guidance for clinical decision making when the
results of the test become available. Concepts such as positive predictive value
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and post-test probability difference can be very helpful in capturing the true
implications of DST results. Bayes’ theorem provides a method of estimating
these parameters. The method involves gathering some data relevant to the
clinical population in which the test is to be interpreted and some simple
algebraic calculations.
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