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Abstract

Background: Although the Center for Epidemiologic Studies Depression Scale (CES-D) is an internationally popular
self-rating scale for depression both in community and clinical settings, extant literature concerning its validity has several
shortcomings. The present paper aimed to overcome these problems. Methods: We applied newer assessment technology of
receiver operating characteristics (ROC) analyses and stratum-specific likelihood ratios (SSLRs) and cross-validated the
results in the ‘training’ and ‘testing’ data sets of 591 patients representing various clinical settings all over Japan. Results:
The ROC analyses demonstrated that the CES-D had moderate convergent and discriminant validity to detect major
depressive episodes among first-visit psychiatric patients. Selecting single optimal cutoffs, however, failed to arrive at
consistent results across various settings. The efficacy of the instrument was most conveniently transportable into clinical
practices when converted into SSLRs, which were 0.35 (95%CI: 0.25–0.49) for the score range 0–29, 2.3 (1.8–3.1) for the
score range 30–49, and 11.7 (3.1–44.0) for the scores above 50. In addition, the SSLRs proved to be generalizable not only
across various clinical settings in our sample but also across psychiatric, primary care and community samples in the
published reports. Conclusion: Clinicians and clinical epidemiologists can apply the SSLRs of the CES-D to various settings
to estimate the probability of suffering from a major depressive episode in a convenient and intuitive manner.  1997
Elsevier Science B.V.
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1. Introduction Scale (CES-D) is a 20-item self-report scale which
assesses the frequency/duration of cognitive, affec-

The Center for Epidemiologic Studies Depression tive, behavioral and interpersonal symptoms associ-
ated with depression. It was originally developed to

* measure and detect depressive symptomatology inCorresponding author. Tel.: 181 52 8538271; fax: 181 52
8520837; e-mail: gba02004@niftyserve.or.jp the community population (Radloff, 1977) but has
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often been used in general medical settings (Coyne ‘training’ set alone may be overfitting the sample,
et al., 1994; Parikh et al., 1988; Schulberg et al., reflecting only variations within the sample and not
1985; Turk and Okifuji, 1994; Zich et al., 1990) and variations representative of the underlying popula-
with psychiatric patients (Craig and Van Natta, 1976, tion. It is therefore important to cross-validate the
1979; Faulstich et al., 1986; Hughes et al., 1993; obtained results and to test their transportability
Husaini et al., 1980; Roberts et al., 1990, 1989; (Diamond, 1989; Leon et al., 1996).
Schulberg et al., 1985; Shrout and Yager, 1989; Thirdly, the CES-D has not been subjected to
Weissman and Locke, 1975; Weissman et al., 1977). newer diagnostic technology assessments such as the
A cutoff score of 16/15 has traditionally been used receiver operating characteristics (ROC) analyses
to distinguish individuals considered to be depressed and the stratum-specific likelihood ratios (SSLRs).
from those classified as non-depresssed (Comstock Validity of a screening instrument has traditionally
and Helsing, 1976; Weissman et al., 1977). The been expressed in terms of its sensitivity and spe-
MEDLINE search reveals that the CES-D was used cificity, which are theoretically independent of the
in 120 articles world-wide between the years 1993– base rate of the target disorder in the population
1995, a figure next only to the Beck Depression (Yerushalmy, 1947). For an instrument that may take
Inventory (Beck et al., 1961) as a self-report mea- more than two values, however, sensitivity and
sure of depression. In Japan the CES-D is the only specificity vary depending on the cutoff, and can
self-report depression inventory whose semantic therefore not be considered intrinsic to the instru-
equivalence with the original English version has ment itself.
been ascertained by means of back translation A more appropriate method to evaluate the effica-
(Shima et al., 1985). The standard cutoff was cy of a diagnostic test with an ordinal or continuous
reported to be optimal with the Japanese sample as scale is the ROC analysis (Swets, 1988). The ROC
well (Shima et al., 1985). Despite this international analysis has its origins during World War II, when
popularity, the published data concerning the validity signal detection theory was applied to radar to
of the CES-D to detect depression have several characterize how well a radar operator could receive
shortcomings. a signal against a noisy background. It has since

Firstly, many of the researchers, including the been an important part of a theory of human
original developers (Craig and Van Natta, 1979; detection and recognition behavior. With the publi-
Radloff, 1977) and the Japanese translators (Shima cation of the textbook by Swets and Pickett (1982),
et al., 1985) of the CES-D relied on the case-control it has found rapidly increasing application in clinical
method in which a group of typically diagnosable medicine, especially in radiology and in clinical
depressive disorder patients is compared with a chemistry (Hanley and McNeil, 1982, 1983). It has
group of unquestionably healthy subjects. In such a been introduced into psychiatric research in the later
situation the ability of the CES-D to discriminate 1980s by Mari and Williams (1985), Murphy et al.
between the two groups can be overestimated. The (1987) and Mossman and Somoza (1989). A further
failure to include an appropriately broad spectrum of enhancement to the ROC analyses that is claimed by
the diseased and non-diseased subjects in the study some authors as informative, intuitive and practical
population can give falsely high sensitivity and (Beck, 1986; Dujardin et al., 1994; Peirce and
specificity: this effect is known as spectrum bias Cornell, 1993; Radack et al., 1986; Sackett et al.,
(Ransohoff and Feinstein, 1978). 1991) is the use of multi-level or stratum-specific

Second, all the published papers used their whole likelihood ratios (SSLRs). To the present authors’
data set as the ‘training’ set to arrive at certain knowledge, only three studies have applied the ROC
conclusions but have not attempted to cross-validate and none has estimated the SSLRs for the CES-D.
the obtained results on a ‘testing’ set. (A ‘training’ The Group for Longitudinal Affective Disorders
set refers to a set of data that is originally used to Study (GLADS) has been conducting a multi-center
derive a certain conclusion: a ‘testing’ set is another prospective follow-up study of a broad spectrum of
set of data to which the conclusion derived earlier affective disorders, including subthreshold minor
can be applied and examined as to its transportabili- depression, mixed anxiety-depression and adjustment
ty.) It is possible that the results derived from the disorder with depressed mood under the sponsorship
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of the Ministry of Health and Welfare, Japan the first such patient to show up on a certain day of
(Furukawa et al., 1995). In the first stage of the the week. The selection of these preset rules was left
collaborative study we examined representative sam- to the individual center as time and human resources
ples of patients visiting the participating centers with varied in each hospital.
a self-report test battery including the CES-D. The The CES-D was scored according to the conven-
present paper focuses on the ability of the CES-D to tional four-point method; each item was scored
detect DSM-III-R major depressive episode (major between 0-3 and the possible total score ranged
depressive episode of unipolar depression or of between 0–60. The score was considered missing if
bipolar disorder) as determined by a psychiatrist’s five or more items had been left unmarked. When
semi-structured interview among these untreated, one to four items were missing, the remaining
first-visit psychiatric patients. We will overcome the subtotal score was multiplied by 20/(20 2 number
above-mentioned shortcomings of the published re- of missing items) in order to obtain the total score
ports of the CES-D and aim to find the most corresponding to the normal 0–60 score range.
informative and the most generalizable method to The DSM-III-R diagnoses were made by psychiat-
interpret the CES-D scores by first deriving the rists who were blind to the self-report battery results
optimal cutoffs and SSLRs based on the ROC and who administered the PISA. The PISA lists 33
analyses of the training set and then by examining symptoms corresponding to diagnostic criteria of
their performances in the testing set as well as in schizophrenia, mood disorders, anxiety disorders,
various clinical settings with different base rates and somatoform disorders, dissociative disorders, organic
clinical spectrums. mental disorders and substance use disorders, and the

inter-rater reliability of these psychopathological
variables has been reported to range between kappas

2. Methods of 0.71 and 1.00 (median 5 0.85)(Furukawa et al.,
1995).

2.1. Patients and procedures
2.2. Data analyses

Subjects were 591 patients who constituted repre-
sentative samples of the first-visit patients to 23 In the following we will use the data from the first
psychiatric hospitals and clinics participating in the half of the patients as a training set to derive the
GLADS Project during the study period, who had optimal cutoff and SSLRs based on the ROC analy-
not received any psychotropic medication for the ses. The ROC analyses and SSLRs were calculated
three months preceding their visit, who filled in the by a computer program by Peirce and Cornell (1993)
self-report test battery including the CES-D, and who which used the nonparametric method described by
were given the DSM-III-R diagnoses by psychiatrists Hanley and McNeil (1982). The generalizability of
using a semi-structured interview named the Psychi- these cutoff and SSLR values will then be examined
atric Initial Screening for Affective disorders by applying them to the data from the second half of
(PISA)(Kitamura, 1992). the patients as well as to the data from several

The 23 hospitals and clinics included psychiatric clinical settings representative of differing base rates
departments of 11 university hospitals, 7 general and clinical spectrums.
hospitals, 3 mental hospitals and an outpatient clinic,
and a psychosomatic department of a university
hospital from all over Japan. Each hospital and clinic 3. Results
examined a representative subset of its first-visit
patients, selected according to the predetermined 3.1. Training set and ROC analyses
rules; in certain centers, a representative subsample
meant all the first-visit patients examined by the There were 747 patients who made their first visit
psychiatrist(s) participating in the GLADS Project; in to the 23 participating centers during the study
others, it meant all the first-visit patients on a certain period, who had not received any psychotropic
day of the week; in still some others, it meant only medication for the preceding three months and who
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were assigned definitive axes I and/or II diagnoses
according to the DSM-III-R by use of the PISA. Of
these 747, 156 (20.7%) could not or did not com-
plete the CES-D; in contrast to the 591 patients for
whom the CES-D scores were available, these pa-
tients overrepresented organic mental disorders,
schizophrenia and psychotic disorders not else-
where classified, and were significantly older
(mean6S.D. 5 44.9619.4 vs. 36.9616.0; t 5 5.29,
df 5 745, p , 0.001) but there was no significant

2difference in sex (x 5 0.93, df 5 1, p 5 0.33).
The basic demographic characteristics and the

diagnostic classification of the 591 patients are
presented in Table 1. The CES-D had internal

Fig. 1. ROC curve for the CES-D to detect DSM-III-R major
consistency reliability with Cronbach’s alpha coeffi- depressive episode
cient of 0.82. Splitting the total sample into the
training set and the testing set according to the date
of the patients’ visit did not result in any significant correctly identifies two subjects as normal or abnor-
difference between the two sets in terms of age mal when one is randomly chosen from the normal

2(t 5 0.27, df 5 589, p 5 0.79), sex (x 5 0.28, df 5 group and the other is randomly chosen from the
21, p 5 0.59) or diagnoses (x 5 19.28, df 5 13, p 5 abnormal group. For a test that yields no information

0.11). the AUC is an area under the diagonal, i.e. 0.50. The
By plotting the sensitivity along the vertical axis AUC in the training set was 0.79 (95% CI: 0.74–

and the (1 2 specificity) along the horizontal axis 0.85).
corresponding to all the possible cutoffs of the CES- In order to evaluate the influence of covariates on
D, we obtain the ROC curve for the training set as the operating characteristics of the CES-D, the ROC
shown in Fig. 1. The area under the ROC curve analyses were conducted separately for sex and age
(AUC) is equal to the probability that the test groups. For males (n 5 131), the AUC was 0.82

Table 1
Demographic and diagnostic characteristics of the 591 subjects

Characteristic

Age (mean6S.D.) 36.9616.0
Sex (%) Female5323 (54.7%)

Diagnostic classification (DSM-III-R)
Disorders usually first evident in infancy, childhood, or adolescence 20 (3.4%)
Organic mental disorders 16 (2.7%)
Psychoactive substance use disorders 17 (2.9%)
Schizophrenia 30 (5.1%)
Delusional disorder 12 (2.0%)
Psychotic disorders not elsewhere classified 19 (3.2%)
Mood disorders 230 (38.9%)
Anxiety disorders 77 (13.0%)
Somatoform disorders 38 (6.4%)
Dissociative disorders 10 (1.7%)
Sleep disorders 29 (4.9%)
Adjustment disorders 40 (6.8%)
Personality disorders 10 (1.7%)
V codes 30 (5.1%)
Others 13 (2.2%)
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(95% CI: 0.74–0.89), and for females (n 5 165), it where w is the weight given to sensitivity, Pr(T1)
was 0.79 (95%CI: 0.72–0.86); there was no statisti- 5 the probability of having a positive test, Pr(T-) 5

cally significant sex difference ( p 5 0.98). Nor was the probability of having a negative test, Pr(D1) 5

there any difference between the age groups; the the probability of having the disease, Pr(D-) 5 the
AUC was 0.75 (95%CI: 0.66–0.85) for those under probability of not having the disease, k(1,0) 5

age 30 (n 5 125), 0.84 (95%CI: 0.78–0.91) for those (Sensitivity - Pr(T1)) /Pr(T-), and k(0,0) 5 (Spe-
between 30 and 60 (n 5 136), and 0.78 (95%CI: cificity - Pr(T-)) /Pr(T1). When w51, the equation
0.62–0.95) for those above age 60 (n 5 35). In the becomes k(1,0) which is a quality index for sen-
following, we will therefore analyze both sexes and sitivity, and when w50, the equation becomes
all age groups together. k(0,0), a quality index for specificity. When w50.5,

Some authors suggest that the CES-D is not a sensitivity and specificity are equally weighted.
specific measure of depression but a general index Values for k(w,0) when w50.2, 0.5 and 0.8 are
for ‘demoralization’ (Breslau, 1985; Roberts et al., plotted against the whole range of the CES-D scores
1989). In order to test this hypothesis, we examined in Fig. 2. As the formula suggests, k(w,0) is depen-
the ability of the CES-D to detect anxiety disorders, dent on the base rate of the target disorder in the
somatoform disorders and adjustment disorders population and we postulated it to be the actual rate
among psychiatric patients. The respective AUCs observed in the training set. The optimal cutoff is
were 0.36 (95%CI: 0.28–0.44), 0.31 (95%CI: 0.22– 26/25 when greater emphasis is placed on sensitivi-
0.39), and 0.58 (95%CI: 0.41–0.74). ty, 31 /30 when equal weight is placed on sensitivity

and specificity, and 34/33 when specificity is
deemed more important.3.2. Optimal cutoffs

For the various cutoff values calculated above and
for the conventional cutoff of 16/15, the sensitivity,Several methods have been proposed in the litera-
specificity, and agreement with the PISA diagnosisture to obtain the optimal cutoff from the ROC
of major depressive episode expressed in Cohen’scurve. Intuitively and as some authors have actually
kappa are listed in Table 2.done (e.g. Roberts et al. (1991), Garrison et al.

(1991), van Kammen et al. (1995), and Somervell et
al. (1993), the cutoff point closest to the left upper
corner of the ROC curve would appear to offer the
optimal pair of sensitivity and specificity. Two
factors, however, must be taken into account when
selecting the optimal cutoff value: the base rate and
the risk-benefit ratio between false positives and
false negatives. The above-mentioned intuitive meth-
od is independent of these two important factors and
hence can be misleading.

Kraemer (1992) developed the quality index,
denoted k(w,0), which is a form of weighted kappa
and measures the agreement between a test and a
criterion standard. The choice of an optimal thres-
hold score for a test is determined by the score with
the greatest chance-corrected agreement with the
criterion standard, i.e., the largest value for

k(w,0) 5

w[Pr(D 1 )Pr(T 2 )k(1,0)] 1 (1 2 w)[Pr(D 2 )Pr(T 1 )k(0,0)]
]]]]]]]]]]]]]]

w[Pr(D 1 )Pr(T 2 )] 1 (1 2 w)[Pr(D 2 )Pr(T 1 )]
Fig. 2. Quality indices (weighted kappas) for the various cutoff

(1) scores of the CES-D
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Table 2
Sensitivity, specificity and kappa for various cutoffs

Method Optimal cutoff Sensitivity(95% CI) Specificity(95% CI) Kappa(95% CI)

When specificity is more important 34/33 0.65 (0.55–0.73) 0.78 (0.72–0.83) 0.43 (0.33–0.54)
(Kraemer, 1992)

When sensitivity and specificity 31/30 0.74 (0.64–0.81) 0.74 (0.67–0.80) 0.46 (0.36–0.56)
are equally weighted
(Kraemer, 1992)

When sensitivity is more important 26/25 0.90 (0.82–0.94) 0.62 (0.54–0.68) 0.45 (0.36–0.54)
(Kraemer, 1992)

Traditional cutoff 16/15 0.95 (0.89–0.98) 0.29 (0.23–0.36) 0.20 (0.13–0.26)
(Radloff, 1977)

3.3. Stratum-specific likelihood ratios odds
]]]Probability 5 , andodds 1 1

The ‘optimal’ cutoff values thus vary depending
on the risk-benefit ratio and the base rate of the probability

]]]]]Odds 5 (3)target disorder in the population at hand. In other 1 2 probability
words, precisely because we need to adjust the cutoff
according to the purpose and circumstances of the Thus the posterior (post-test) probability is greater
use of a test, we need the ROC curve plotting all the than the prior (pre-test) probability, if the likelihood
possible cutoffs in order to evaluate the performance ratio is greater than 1.0; the former is equal to the
of the test per se. Selecting out a single cutoff means, latter, if the likelihood ratio is 1.0; and the former is
in terms of the ROC analysis, to draw a line from the smaller than the latter, if the likelihood ratio is
point (0,0) to the cutoff and another from the cutoff smaller than 1.0.
to the point (1,1), and the AUC is then almost Peirce and Cornell (1993) have developed a
always bound to be smaller than the original AUC. microcomputer spreadsheet program to arrive at the
Much information is indeed lost when studies of test optimal number of strata of test scores by calculating
performance define sensitivity and specificity in likelihood ratios specific to different strata along
relation to a single cutoff value of a continuous with their 95% confidence intervals. Because with
variable (Sox, 1986). too many strata the likelihood ratios become unstable

A way to avoid these pitfalls has recently been and degenerate, the following rules of thumb are
recommended by several authors (Beck, 1986; Peirce recommended: (1) to provide sufficient abnormal
and Cornell, 1993; Radack et al., 1986; Sackett et al., and normal cases in each stratum to allow the SSLRs
1991). It is the use of the multi-level or stratum- to be monotonically related, and (2) to collapse those
specific likelihood ratios (SSLRs). A likelihood ratio strata where the SSLRs are close to one another and
is a ratio of two probabilities, the probability of a their 95% CI easily overlap.
given test result when the disease is present, divided The recommended SSLRs thus obtained from the
by the probability of the same test result when the training set were 0.35 (95%CI: 0.25–0.49) for the
disease is absent. The likelihood ratio corresponds to score range 0–29, 2.3 (1.8–3.1) for the score range
the slope of the tangent of the ROC curve. 30–49, and 11.7 (3.1–44.0) for the scores above 50.

The likelihood ratio is used in Bayesian revision For a given pre-test probability and an SSLR, one
of odds where: can estimate the post-test probability using Fagan’s

nomogram (Fagan, 1975) or applying the formulae
Prior odds 3 Likelihood ratio 5 Posterior odds (2) Eq. (2) and Eq. (3). For example, given the base rate

of 36% for a major depressive episode in the training
set, those with CES-D score above 50 have a post-Conversions of odds to probability and probability to
test probability of 87% for the target disorder,odds are performed using the formulae:
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Table 3
SSLRs in the testing set and five representative clinical settings

CES-D 0–29 30–49 50–60 Hosmer-Lemeshow
score range statistic

pre-test SSLR (95%CI) post-test SSLR (95%CI) post-test SSLR (95%CI) post-test
probability probability probability probability

Training set 35.8% 0.35 (0.25–0.49) 16.3% 2.3 (1.8–3.1) 56.2% 11.7 (3.1–44.0) 86.7%
(n5296)

Testing set 27.1% 0.66 (0.50–0.87) 19.7% 1.43 (1.09–1.89) 34.7% 5.38 (1.50–19.22) 66.7% 18.16, df53, P50.0004
(n5295)

A (n551) 19.6% 0 0% 2.05 (1.39–3.03) 33.3% ` 100% 2.43, df53, P50.49
B (n555) 43.6% 0.54 (0.30–1.00) 29.5% 1.18 (0.65–2.16) 47.7% ` 100% 4.31, df53, P50.23
C (n561) 42.6% 0.48 (0.22–1.00) 26.3% 1.12 (0.72–1.76) 45.4% ` 100% 5.48, df53, P50.14
D (n533) 30.3% 0.43 (0.18–1.06) 15.7% 2.30 (1.14–4.65) 50.0% 0.10, df52, P50.95
E (n533) 15.2% 0 0% 9.33 (3.50–24.90) 62.6% 0 0% 7.85, df53, P50.05
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whereas those with CES-D score below 29 have a cificity values were, overall, not statistically sig-
post-test probability of 16%. Those with the CES-D nificantly different from those in the training set. The
score between 30 and 49 have a post-test probability kappas ranged between 0.08 and 0.72 (median5

of 56%, one that only allows an indeterminate 0.34), and only one-tenth of the obtained values were
interpretation and calls for further examination. If the greater than 0.6 and showed satisfactory agreement
same test is applied to a population where the base between the results of the CES-D and the clinical
rate is 20%, those with CES-D score above 50, diagnosis of a major depressive episode based on a
between 49-30 and below 30 will have post-test semi-structured interview.
probabilities of 75%, 37% and 8%, respectively. In a Table 3 shows the SSLRs for the testing set and
population with a base rate of 10%, the post-test the five clinical settings. The goodness-of-fit between
probabilities would be 57%, 20% and 4%. the numbers predicted by the training set SSLRs and

those actually observed in each stratum was ex-
3.4. Cross-validation of the findings amined with Hosmer-Lemeshow statistic (Lemeshow

and Hosmer, 1982). This test answers the question of
We would next like to cross-validate the above whether the observed and predicted rate of a major

findings by applying them to the data from the depressive disorder in all intervals jointly agree
testing set as well as to those from five clinical within the error range expected by chance alone. The
settings representing different base rates and clinical SSLRs obtained from the training set resulted in
spectrums. These were A university hospital psychi- significantly poor goodness-of-fit when applied to the
atric department with a base rate for major depres- testing set and to the E university hospital psycho-
sive episode of 20%, B general hospital psychiatric somatic department, but resulted in satisfactory fit in
department with that of 44%, C psychiatric outpati- the other settings. Table 3 also shows that, despite
ent clinic with that of 43%, D mental hospital with similar SSLRs, post-test probability of having a
that of 30% and E university hospital psychosomatic major depressive disorder varies greatly from setting
department with that of 15%. The various optimal to setting, depending on the pre-test probability of
cutoffs recommended according to Kraemer’s quality having the disorder.
indices and the tradition were applied to the data
from the testing set and the five clinical settings, and
the positive predictive values, negative predictive 4. Discussion
values, sensitivity, specificity and kappa values were
calculated (the detailed results are available from the Approximately one in five of the first-visit patients
first author upon request). to the psychiatric hospitals and clinics in the present

The positive and negative predictive values are study could not or did not complete the CES-D. This
theoretically dependent on the base rate. As ex- already low rejection rate should be interpreted with
pected, some of the observed positive and negative the understanding that the CES-D constituted part of
predictive values significantly differed between the the twelve-page-long self-rating test battery includ-
training set and that from C psychiatric outpatient ing two other questionnaires. Thus the CES-D ap-
clinic or from E university hospital psychosomatic pears to be well accepted by psychiatric patients in
department where the base rates widely differed. The Japan as well. Swets (1988) suggested that AUCs of
positive and negative predictive values observed in 0.5 to 0.7 indicate low test accuracy, 0.7 to 0.9
the testing set also tended to be different from those moderate accuracy, and .0.9 high accuracy. With
in the training set as there was 9 point difference in the AUC of 0.79 or between 0.75–0.84 depending on
the base rate between these two sets, although both age and sex in our sample, the CES-D can be said to
the training and the testing sets were taken from the have moderate accuracy in detecting major depres-
same hospitals. sive episode among first-visit patients in psychiatric

In contrast, although sensitivity, specificity and settings. As a matter of fact, the figure compares well
kappa values are theoretically dependent on the with such routinely used tests in general medicine as
clinical spectrum, the obtained sensitivity and spe- the mean red cell volume to screen for iron-de-
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ficiency anemia (AUC50.76) and the fasting blood the optimal cutoff to screen for major depression
glucose to detect diabetes mellitus (AUC50.83) among American high school students; Cho et al.
(Erdreich and Lee, 1981), or with short-term predic- (1993) selected out 17/16 for Cuban Americans and
tion of violence (AUC50.78)(Mossman, 1994). 26 /25 for Puerto Ricans in the community with both

To the present authors’ knowledge, there have sensitivity and specificity around 0.90; Zich et al.
been only three studies which applied the ROC (1990) recommended 27/26 with sensitivity of 1.00
analyses and calculated the AUC values for the and specificity of 0.81 for primary care clinic
CES-D to detect depressive disorder as ascertained patients; Schulberg et al. (1985) also recommended
by a semi-structured interview. Among community 27/26 among newly admitted outpatients at primary
adolescents, the CES-D has been reported to have medical care centers. Several researchers, however,
AUCs between 0.61–0.77 (Garrison et al., 1991) or recommended lower cutoffs: Garrison et al. (1991)
between 0.83–0.87 (Roberts et al., 1991) when found the cutoff of 12/11 to produce the best overall
calibrated against DSM-III-R major depression. screening characteristics among community adoles-
Among nursing home residents, the reported AUC cent boys; based on calculations of Kraemer’s qual-
was 0.85 (Gerety et al., 1994). Thus, the ability of ity indices, Gerety et al. (1994) recommended 13/12
the CES-D to detect major depression in psychiatric as the optimal cutoff for the case finding of depres-
settings appears to be comparable to that in com- sion in the nursing home. None of these studies,
munity settings. Moreover, in the present sample, the however, have paid adequate attention to the prob-
AUCs of the CES-D to detect anxiety disorders or lems of the base rate, the risk-benefit ratio between
somatoform disorders or adjustment disorders, the false positives and false negatives, and the spectrum
three most common forms of psychiatric disorders bias. When these factors are taken into account, our
which could be confused with depression, did not analyses suggest that there are many ‘optimal’
exceed the chance level. It can therefore be con- cutoffs for the CES-D.
cluded that the CES-D has moderately good con- As theoretically predicted, the positive and nega-
vergent and divergent validity for detecting major tive predictive values for each recommended cutoff
depressive episodes among first-visit psychiatric often differed significantly from those of the training
patients. set when the base rate was different. Our analyses

What is astonishing, however, is the fact that the thus demonstrated, as have been argued by Zarin and
optimal cutoffs suggested by the ROC analyses or Earls (1993) and elsewhere, that applying a fixed
otherwise in the literature have been wildly varying, ‘optimal’ cutoff to a population with a substantially
even when we restrict our literature search to well different prior probability of the target disorder
designed studies where more than two cutoff scores results in the ‘selected’ population which are consti-
of the CES-D are examined against some stan- tutionally different. Failure to recognize the fact that
dardized psychiatric interview diagnoses. The con- the performance of any diagnostic or prognostic test
ventional cutoff of 16/15, originally adopted as the is affected by the base rate in different clinical
lower bound of the upper quintile of scores for the settings has been reported to lead to poor decision
general population (Comstock and Helsing, 1976) making or premature dismissal of valid rules in the
and termed ‘arbitrary’ by the developer of the area of general medicine such as coronary artery
instrument herself (Radloff, 1977), was however disease (Sox et al., 1990) and streptococcal
found optimal in some community (Katz et al., 1995; pharyngitis (Poses et al., 1986). The fixed threshold
Myers and Weissman, 1980) and primary care approach cannot accommodate the wide variations
(Parikh et al., 1988) settings as well as among actually present in clinical practices (Ruttimann,
psychiatric populations (Weissman et al., 1977). 1994). The same of course held for psychiatry.
Several studies recommended higher cutoffs: based On the contrary, the values for sensitivity and
on the ROC analyses, Somervell et al. (1993) found specificity remained largely constant across various
the cutoff of 28/27 to maximize both sensitivity and clinical settings. This of course is no guarantee that
specificity among American Indian village popula- the obtained sensitivity and specificity would apply
tion; according to Roberts et al. (1991), 24 /23 was to samples from primary care settings or from
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Table 4
Comparison of SSLRs in the present study and the literature

aES-D score range 0–19 0–29 30–60

pre-test SSLR (95%CI) post-test SSLR (95%CI) post-test SSLR (95%CI) post-test
probability probability probability probability

Our study (n5591) 31.5% 0.22 (0.11–0.43) 9.2% 0.43 (0.28–0.67) 16.5% 3.09 (2.39–4.00) 58.7%
Community mental health center 27.5% 0.21 (0.08–0.53) 7.4% 0.64 (0.34–1.20) 19.5% 1.52 (1.28–1.80) 36.6%

(Schulberg et al., 1985) (n5269)
Primary medical care center 9.2% 0.14 (0.04–0.47) 1.4% 0.71 (0.33–1.53) 6.7% 3.30 (2.41–4.50) 25.1%

(Schulberg et al., 1985) (n5294)
Cuban American general population 13.8% 0.18 (0.06–0.54) 2.8% 12.78 (9.2–17.8) 67.2%

(Cho et al., 1993) (n587)
Puerto Rican general population 18.1% 0.08 (0.03–0.18) 1.7% 4.78 (4.19–5.45) 51.4%

(Cho et al., 1993) (n5364)
a Because these authors provided detailed information only for the scores in the middle range of the CES-D, the strata are cut differently than those selected in our
original analyses.
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general population, but it appears that we have less The SSLRs obtained from our training set ap-
of a problem of spectrum bias as far as the psychiat- peared to be constantly applicable in different clini-
ric hospitals and clinics participating in the present cal settings in our study. The goodness-of-fit statistic
study are concerned. revealed significant difference between the training

A major problem is the less than satisfactory set and the testing set when the SSLRs calculated
agreement between the CES-D results, whatever the from the former were applied to the latter, but this
‘optimal’ cutoff selected, and the diagnosis of a should be interpreted with caution because almost
major depressive episode according to the PISA any goodness-of-fit test would result in rejection of
semi-structured interview. The agreement measured the null hypothesis when the sample size is large.
in Cohen’s kappa ranged between 0.08 and 0.72, Examination of the 95% confidence intervals for the
depending on the cutoff and the clinical setting, with SSLRs suggests that they do mostly overlap. The
more than two thirds of the values below 0.4, which possible exception could be the E university hospital
may be qualified as fair and demanding improvement psychosomatic department. Among the patients visit-
at best (Kraemer, 1981). ing this psychosomatic department, the three most

A way to circumvent these problems and to frequent diagnoses were mood disorders (27%),
reserve as much information as possible contained in anxiety disorder (21%) and V codes (21%) and no
the ROC curve is the use of SSLRs. Merits of the organic or schizophrenic disorders were represented.
use of SSLRs can be enumerated as follows. Firstly, Thus there appear to have been some major differ-
SSLRs retain as much information as possible that is ences in spectrums represented at E University and at
originally contained in the continuous scale test by other sites.
deriving multiple level indices instead of reducing The superior generalizability of SSLRs is further
the test result into a dichotomous value below or highlighted when our results are compared with
above the cutoff. Secondly, SSLRs, like the sensitivi- those from the literature which provided enough
ty and specificity but unlike the positive predictive information to calculate SSLRs for the CES-D Table
value and negative predictive value and unlike the 4). With the possible exception of the score range
single ‘optimal’ cutoff, do not depend on the base 20–60 for the Cuban Americans, the reported SSLRs
rate of the target disorder. In addition, SSLRs are are, to our pleasant surprise, quite overlapping. It is
less subject to, although not totally free from, to remember that these authors had originally rec-
spectrum bias than a single cutoff and its associated ommended widely and wildly different cutoffs as
sensitivity and specificity, because serious and less described above (27/26 in the study by Schulberg et
serious cases will tend to show up in their corre- al. (1985) and 17/16 or 20/19 that by Cho et al.
sponding strata and the change in the mix of the (1993).
more serious vs. less serious patients will have a It is recommended that clinicians and clinical
smaller influence (Dujardin et al., 1994; Feinstein, epidemiologists can use these SSLRs in a convenient
1990; Guyatt et al., 1992). Fourthly, SSLRs can be and intuitive manner to calculate the post-test prob-
conveniently used at bedside to arrive at the post-test ability of suffering from a major depressive episode
probability from the pre-test probability, using from its pre-test probability in various clinical and
Fagan’s nomogram (Fagan, 1975). Taking the base research settings.
rate or prevalence as the pre-test probability, the
post-test probability corresponds to the positive
predictive value. SSLRs are thus clinically intuitive. Acknowledgements
Lastly, SSLRs will come in handy when we perform
several tests in sequence, as we usually do in actual This study has been undertaken on behalf of the
practices, because the post-test probability after one Group for Longitudinal Affective Disorders Study
test will become the pre-test probability of the next (GLADS) and supported by the Research Grants
text. We may thus be able to avoid redundant 3A-6 and 6A-4 for Nervous and Mental Disorders
examinations if we stop the tests when we arrive at from the Ministry of Health and Welfare, Japan. We
the post-test probability of, say, 95%. thank Professor David L. Streiner, Department of
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