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Development of a Computerized Adaptive Test

for Depression
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Context: Unlike other areas of medicine, psychiatry is
almost entirely dependent on patient report to assess the
presence and severity of disease; therefore, it is particu-
larly crucial that we find both more accurate and effi-
cient means of obtaining that report.

Objective: To develop a computerized adaptive test
(CAT) for depression, called the Computerized Adap-
tive Test—Depression Inventory (CAT-DI), that de-
creases patient and clinician burden and increases mea-
surement precision.

Design: Case-control study.

Setting: A psychiatric clinic and community mental
health center.

Participants: A total of 1614 individuals with and with-
out minor and major depression were recruited for study.

Main Outcome Measures: The focus of this study was
the development of the CAT-DI. The 24-item Hamilton
Rating Scale for Depression, Patient Health Question-
naire 9, and the Center for Epidemiologic Studies Depres-
sion Scale were used to study the convergent validity of
the new measure, and the Structured Clinical Interview

for DSM-IV was used to obtain diagnostic classifications
of minor and major depressive disorder.

Results: A mean of 12 items per study participant was
required to achieve a 0.3 SE in the depression severity
estimate and maintain a correlation of r=0.95 with the
total 389-item test score. Using empirically derived thresh-
olds based on a mixture of normal distributions, we found
a sensitivity of 0.92 and a specificity of 0.88 for the clas-
sification of major depressive disorder in a sample con-
sisting of depressed patients and healthy controls. Cor-
relations on the order of r=0.8 were found with the other
clinician and self-rating scale scores. The CAT-DI pro-
vided excellent discrimination throughout the entire de-
pressive severity continuum (minor and major depres-
sion), whereas the traditional scales did so primarily at
the extremes (eg, major depression).

Conclusions: Traditional measurement fixes the num-
ber of items administered and allows measurement un-
certainty to vary. In contrast, a CAT fixes measurement
uncertainty and allows the number of items to vary. The
result is a significant reduction in the number of items
needed to measure depression and increased precision
of measurement.
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MAGINE A 1000-ITEM MATHEMAT-
ics test with items ranging in dif-
ficulty from basic arithmetic to
advanced calculus. Consider 2 ex-

gin by administering an item of interme-
diate difficulty and, based on the response
scored as correct or incorrect, select the
nextitem atalevel of difficulty either lower
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aminees: a fourth grader and a
graduate student in mathematics. Most
questions will be uninformative for both
examinees (too difficult for the first and
too easy for the second). To decrease ex-
aminee burden, we could create a short test
of 10 items, equally spaced along the math-
ematics difficulty continuum. Although
this test would be quick to administer, it
would provide imprecise estimates of these
2 examinees’ ability because only 1 or 2
items would be appropriate for either ex-
aminee. A better approach would be to be-

or higher. This process would continue un-
til the uncertainty in the estimated abil-
ity is smaller than a predefined thresh-
old. This process is called computerized
adaptive testing (CAT). To use CAT, we
must first calibrate a bank of test items
using an item response theory (IRT) model
that relates properties of the test items (eg,
their difficulty and discrimination) to the
ability (or other trait) of the examinee. The
paradigm shift is that rather than admin-
istering a fixed number of items that pro-
vide limited information for any given ex-
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aminee, we adaptively administer a varying number of
items that are targeted to the examinee’s specific level of
ability or impairment. CAT allows us to adaptively se-
lect a small set of items for each examinee out of a much
larger bank of test items, targeting precision by select-
ing items based on prior ability, trait, or impairment es-
timates.

Although use of CAT and IRT has been widespread in
educational measurement, it has been less widely used
in mental health measurement.'? First, large item banks
are generally unavailable for mental health constructs.
Second, mental health constructs (eg, depression) are in-
herently multidimensional, and CAT has primarily been
restricted to unidimensional constructs, such as math-
ematics achievement. Application of unidimensional mod-
els to multidimensional data can result in biased trait es-
timates (severity or impairment) and underestimates of
uncertainty.” Multidimensional IRT-based CAT has been
previously used in analysis of the 626-item Mood and
Anxiety Spectrum Scales.* To our knowledge, this was
the first study of mental health CAT using a large item
bank and multidimensional IRT.”® CAT required a mean
of 24 items per examinee, yet maintained a correlation
of r=0.93 with the full 626-item score. In this article, we
apply multidimensional CAT to the measurement of de-
pression using the CAT-Depression Inventory (CAT-DI).

Unlike other areas of medicine, psychiatry is almost
entirely dependent on patient report (either self-report
or reports to evaluators) to assess the presence and se-
verity of disease; therefore, it is particularly crucial that
we find more accurate and efficient means of obtaining
that report. We use the assessment of depression as an
example of what CAT might offer toward that goal. The
goal of this report is to describe a new tool for the mea-
surement of depression. With the exception of the pre-
viously cited demonstration study* with the Mood and
Anxiety Spectrum Scales, the statistical foundation of the
new tool has not been used in any other area of instru-
ment development and provides a statistical advance over
other approaches that are based on unidimensional mod-
els and much smaller item banks. Although we will ex-
plore the extent to which these theoretical advantages
translate to gains in measurement precision, reliability,
and validity in a future statistical article, the results of
this study clearly demonstrate the improvement in fit of
the multidimensional bifactor model over traditional uni-
dimensional alternatives.

- EEETEEES

THE BIFACTOR MODEL

The bifactor model’” is a multidimensional IRT model that al-
lows each item to measure the primary dimension (eg, depres-
sion) and a single subdomain (eg, somatization), hence, the term
bifactor. The bifactor model has major computational and in-
terpretational advantages over unrestricted exploratory item fac-
tor analytic models®'® and extends CAT to the measurement
of multidimensional constructs. For example, traditional item
factor analysis® is generally restricted to 5 dimensions, and the
results may be interpreted differently, depending on the rota-
tion of the solution (eg, varimax vs promax rotations). The bi-

factor model has no limitation in terms of the number of di-
mensions that can be included under the restriction that each
item loads on the primary dimension and 1 subdimension. The
solution is also rotationally invariant, leading to more direct
interpretation. Technical details are provided in the eAppen-
dix (http://www.archgenpsychiatry.com).

COMPUTERIZED ADAPTIVE TEST

Within CAT, items are selected during the process of test ad-
ministration for each individual, allowing the test administra-
tor to control measurement precision and to maximize effi-
ciency. CAT includes (1) a precalibrated item bank, (2) an item
selection procedure, (3) a scoring method, and (4) a criterion
for terminating the test. In the current study, we used maxi-
mum item information," appropriately modified for the bifac-
tor model (eAppendix), to select items for CAT administra-
tion and a dual termination criterion of 0.3 for the SE of the
estimated primary dimension score or maximum information
remaining in the bank of less than 1.25. In this way, CAT ter-
minates if at an examinee’s currently estimated specific sever-
ity level (eg, extreme score) there is insufficient information
for any item to achieve the intended level of precision. Relax-
ing the SE termination criterion in the 2 extremes (floor and
ceiling) reduces respondent burden without compromising our
ability to rank patients in terms of severity. Technical details
are provided in the eAppendix.

THE ITEM BANK

The total item bank consisted of 452 depression items. We or-
ganized the items into conceptually meaningful categories using
a hierarchical approach informed by previous empirical (eg, fac-
tor analytic) work. Previous work documents that these con-
structs can be partitioned usefully into subdomains (eg, mood,
cognition, and somatic indicators) and factors, and it is infor-
mative about the best manifest indicators (items) for opera-
tionalizing such factors.'**> Our hierarchy included domains
(eg, depression), subdomains (eg, mood, cognition, and be-
havior), factors (eg, within depressed mood, factors included
increased negative affect and decreased positive affect), and fac-
ets (eg, within increased negative affect, facets included sad-
ness, irritability, moodiness, and others). The total number of
facets was 46 for depression (eTable 1). Example items from
each domain and subdomain are presented in Table 1.

A key step in editing the item bank was qualitative review
of the items done by consensus among the members of the Pitts-
burgh research site (see the article by DeWalt et al'® for a de-
scription of the qualitative procedures used by the Patient-
Reported Outcomes Measurement Information System
[PROMIS] network and adapted here). This process involved
identification of redundant items (so that they are not admin-
istered in the same testing session), items that were too nar-
row (often by virtue of being disease specific), items that were
confusing or vague, and items that were poorly written.

Most items were rated on a 5-point ordinal scale. The items
were selected based on a review of more than 100 existing de-
pression or depression-related rating scales (eTable 2). Items
were modified to refer to the previous 2-week period and to
have consistent response categories.

The CAT-DI has a mandatory suicide screening question,
which is presented at the end of the CAT session if not previ-
ously administered. If positively endorsed, a suicide alert re-
port is generated and the test administrator notified. In the fi-
nal version of the CAT-DI, an option will be available to have
4 suicide items administered to achieve an even more com-
plete evaluation of suicide risk.
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Table 1. Example Items From Each Domain and Subdomain

Domain or Subdomain

Example ltem
(In the Past 2 Weeks)

Mood-negative affect

Mood-—positive affect

Cognition—information
deficits

Cognition—information
unproductive

Cognition—impaired
view

Cognition—social
cognition

Cognition-hopelessness

Cognition-helplessness

Cognition-guilt

Behavior-low activity

Behavior-low energy

Behavior-interpersonal

Behavior-agitation

Somatic—sleep

problems
Somatic—eating changes

Somatic-gastrointestinal

Somatic—increased pain

Somatic—-general
somatic

Somatic—diurnal
variation

Suicidal ideation

Were you serious, introverted, or gloomy?

How much did any feelings of depression
bother you?

How much were you able to relax and enjoy
yourself?

| was able to reach down deep into myself
for comfort.

Did you drift in and out of conversations?

| had difficulty concentrating.

Did you find that silly or unreasonable
thoughts kept recurring in your mind?

Did you see the future as very bleak?

You felt constantly afraid of doing
something wrong.

How much have you felt inferior to others?

Have you felt lonely?

You felt as if others were causing all of
your problems.

To what extent did you feel your life was
meaningful?

| felt a sense of purpose in my life.

Did you feel defeated?

| felt like | was at the end of my rope.

| felt | should be punished.

| was concerned about being forgiven for
my sins.

Did you have difficulty starting to do
anything?

| felt emotionally drained from my work.

Did you have a lot of trouble getting out of
bed in the morning?

| felt that everything | did was an effort.

How much have you felt like being alone?

How much have you felt withdrawn from
others?

| felt restless as if | had to always be on the
move.

Did you find it difficult to sit still or to lie
down, or you needed to pace the room
or be in motion?

How satisfied were you with your sleep?

My sleep was restless.

| did not feel like eating; my appetite was
poor.

| found food unappealing.

Did you repeatedly have distressing
physical symptoms, for instance, you
had nausea or other stomach or bowel
problems?

Did you repeatedly have distressing
physical symptoms, for instance, you
were constipated?

Were you more sensitive or less sensitive
than usual to heat, cold or pain?

Did you repeatedly have distressing
physical symptoms, for instance,
frequent headaches?

Did you feel as if your body were diseased
or somehow transformed?

Did your mood become depressed when
you had a medical problem such as the
flu or a cold?

Morning was when | felt the best.

Has there been any time of day when you
felt slower and less energetic?

Did you think that life was not worth living?

Did you think about taking your own life?

PARTICIPANT SAMPLE

Study participants were male and female treatment-seeking out-
patients between 18 and 80 years of age. Patients were re-
cruited from 2 facilities, the Western Psychiatric Institute and
Clinic (WPIC) at the University of Pittsburgh and a commu-
nity clinic at DuBois Regional Medical Center (DuBois RMC).
DuBois RMC is one of the leading health centers in western
Pennsylvania. The Center for Behavioral Health Services at Du-
Bois RMC provides comprehensive inpatient and outpatient psy-
chiatric care. Participants were screened at both the WPIC and
Dubois RMC for eligibility. If they had been in psychiatric treat-
ment within the past 2 years, they were considered a psychi-
atric participant. If they had not had psychiatric treatment within
the past 2 years, they were considered a nonpsychiatric con-
trol. Psychiatric diagnoses were confirmed by medical records
and their treating physician or clinician. Patients with and with-
out a lifetime diagnosis of major depressive disorder (MDD)
were included. For psychiatric participants, exclusion criteria
included the following: history of schizophrenia, schizoaffec-
tive disorder, or psychosis; organic neuropsychiatric syn-
dromes (eg, Alzheimer disease or other forms of dementia, Par-
kinson disease, and so on); drug or alcohol dependence within
the past 3 months (however, patients with episodic abuse re-
lated to mood episodes were not excluded); inpatient treat-
ment status; and individuals who were unable or unwilling to
provide informed consent. For nonpsychiatric controls, exclu-
sion criteria included the following: any psychiatric diagnosis
within the past 12 months; treatment for a psychiatric prob-
lem within the past 12 months; positive responses to tele-
phone screen questions; history of schizophrenia, schizoaffec-
tive disorder, or psychosis; and individuals who were unable
or unwilling to provide informed consent.

We report on the analysis of data from 798 individuals used
to calibrate the IRT model (WPIC) and 816 individuals who
received the live CAT-DI (414 WPIC and 402 DuBois RMC study
participants). For simulated adaptive testing, 308 participants
(of the 798) took all of the 389 items in the bank after 63 items
were deleted from the original set of items, permitting com-
putation of the correlation between results of CAT and total
test score; these participants were also part of the calibration
sample. The other 490 calibration participants took a sub-
sample of 252 items based on a balanced incomplete block de-
sign that maximized the pairings of all items."”

To study the validity of the CAT-DI, using the calibration
and simulated CAT phases described, 292 consecutive psychi-
atric participants received a full clinician-based diagnostic in-
terview via the Structured Clinical Interview for DSM-IV (SCID)'®
and the live CAT-DI. Participants received increased compen-
sation ($50 rather than $25) to complete this phase of the study.
Demographic characteristics and SCID-based diagnostic preva-
lence rates are presented in Table 2. The CAT-DI was also ad-
ministered to 100 nonpsychiatric controls. Nonpsychiatric con-
trols were defined as having no psychiatric treatment within
the past 2 years. Controls were recruited via flyers, print me-
dia, and Audix messages through the University of Pittsburgh
Medical Center.

To examine convergent validity, data were also obtained for
the Patient Health Questionnaire 9 (PHQ-9),'° 24-item Ham-
ilton Rating Scale for Depression (HAM-D),* and the Center
for Epidemiologic Studies Depression Scale (CES-D).*! The
HAM-D was administered by a trained clinician, and the PHQ-9
and CES-D were self-reports. Major depression, minor depres-
sion (DSM-IV appendix B), and dysthymia were defined ac-
cording to DSM-IV criteria. The screening information was avail-
able to the clinician.
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Table 2. Demographic Characteristics and Diagnostic
Prevalence Rates
Characteristic Study Participants, %
Sex
Male 30.0
Female 70.0
Age, y
18-29 21.2
30-39 174
40-49 23.0
50-59 26.7
=60 12.0
Educational level
Some high school or <12th grade 5.1
High school diploma or GED 21.9
Some college 39.8
College graduate 20.2
Graduate or professional degree 13.0
Annual income, $
<24 999 54.1
25000-49 999 25.9
50000-74 999 9.2
75000-99 999 3.9
>100000 3.9
Not reported 3.0
Prevalence rates
Major depression 46.7
Minor depression 5.1
No depression 451
Dysthymia 3.1

Abbreviation: GED, graduate educational development.

STATISTICAL ANALYSIS

Calibration was performed using the bifactor model and a uni-
dimensional alternative, both based on graded IRT models.® A
likelihood ratio x* statistic was used to determine whether the
bifactor model improved fit over the simpler unidimensional
alternative. The CAT-DI scores were based on expected a pos-
teriori estimates.”> The CAT-DI scores were then used in a lo-
gistic regression to predict a physician-based DSM diagnosis
of MDD so that the CAT-DI scores could be related to the prob-
ability of meeting DSM-IV criteria for MDD.

The empirical distribution of the CAT-DI scores was re-
solved into a mixture of 2 normal distributions® and compared
withmodels with 1 and 3 component distributions using the Bayes-
ian information criterion (BIC) to determine the best-fitting model.
Sensitivity and specificity of the CAT-DI in predicting SCID di-
agnostic group classification (MDD and MDD plus minor de-
pression) were determined for 3 thresholds based on the esti-
mated mixture distribution (ie, posterior probability of being in
the elevated component distribution of 0.50, 0.80, and 0.95).

BN  RESULTS R

CALIBRATION

Results of the calibration study revealed that the bifactor
model with 5 subdomains (mood, cognition, behavior, so-
matic, and suicide) significantly improved fit over a uni-
dimensional IRT model (x3g = 6825, P < .001). A total of
389 items were retained in the model based on having a
primary factor loading of 0.3 or greater (96% >0.4 and
79% >0.5).
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Figure 1. Observed and estimated frequency distributions of the Computerized
Adaptive Test-Depression Inventory (CAT-DI) depression scale scores.

SIMULATED CAT

Results of simulated CAT revealed that for an SE of 0.3,
amean of 12.31 items per participant (range, 7-22) were
required. The correlation between the 12-item mean
length CAT and the total 389-item score was 1 = 0.95.
For an SE of 0.4 (less precise), a mean of 5.94 items were
required (range, 4-16), but a strong correlation with the
389-item total score (r = 0.92) was maintained. The me-
dian length of time required to complete the 12-item
(mean) CAT was 2.29 minutes (interquartile range, 1.72-
2.97 minutes) compared with 51.66 minutes for the 389-
item test. Faster times should be achievable using the fi-
nal platform (a touch screen device) instead of the
Windows-based mouse interface currently used.

Mean precision was 0.31, and CAT was terminated for
insufficient item information in 15.0% of the cases. In
all but 2 cases, the estimated CAT-DI score was less than
-2.0, indicating no evidence of depression (too few symp-
toms to precisely measure). In the other 2 cases, the scores
were greater than +2.5, indicating extreme severity (too
many symptoms to precisely measure).

EMPIRICAL DISTRIBUTION
OF THE CAT-DI SCORES

Figure 1 reveals that our sample can be resolved into 2
discrete distributions of depressive severity, with the lower
component representing the absence of clinical depres-
sion and the higher component representing severity lev-
els associated with clinical depression. The BIC indi-
cated best fit (ie, smallest value) for a mixture of 2 normal
distributions (BIC = 2406) relative to a single normal dis-
tribution (BIC = 2439) or a mixture of 3 normal distri-
butions (BIC = 2414). The means of the 2 distributions
are well separated. A total of 40.8% of the sample is in
the elevated component distribution that has a mean of
0.17 vs the lower component distribution that has a mean
of ~1.61. The pooled estimate of the SD is 0.73, making
the 2 component distributions approximately 2.5 SDs
apart. Threshold scores of -0.61, -0.19, and 0.28 have a
.50, .80, and .95 probability of being in the elevated com-
ponent distribution, respectively.
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Figure 2. Distributions of the Computerized Adaptive Test-Depression Inventory (CAT-DI) scores for patients who met diagnostic criteria for minor depression
(including dysthymia) and major depression disorder (MDD) vs those who did not meet the criteria. A, CAT-DI depression scale score. B, Patient Health
Questionnaire 9 (PHQ-9) score. C, 24-Item Hamilton Rating Scale for Depression (HAM-D) score. D, Center for Epidemiologic Studies Depression Scale (CES-D)
score. Error bars indicate SE; horizontal lines, 10th, 50, and 90th percentile points, respectively.

RELATIONSHIP TO DIAGNOSIS OF MINOR
AND MAJOR DEPRESSION

Figure 2A displays the distributions of the CAT-DI scores
for patients who met the diagnostic criteria for minor de-
pression (including dysthymia) and MDD vs those who
did not meet the criteria. There is a clear linear progres-
sion between the CAT-DI depression severity scores and
the SCID diagnostic categories of none, minor depres-
sion (including dysthymia), and MDD. The distribu-
tions were also reasonably symmetric within each diag-
nostic group. Means (SDs) and sample sizes were -0.93
(0.75) (n = 117) for no depression, -0.02 (0.58) (n = 29)
for minor depression, and 0.47 (0.693) (n = 146) for MDD.
Statistically significant differences between no depres-
sion and minor depression (t;44 = 6.121, P < .001), no
depression and MDD (t; = 15.736, P < .001), and mi-
nor depression and MDD (t;73 = 3.558, P < .001) were
found, with corresponding effect sizes of 1.271, 1.952,
and 0.724 SDs, respectively.

COMPARISON WITH OTHER
DEPRESSION SCALES

Convergent validity of the CAT-DI was assessed by com-
paring results of the CAT-DI with the PHQ-9, HAM-D, and
CES-Dresults. Correlations were r = 0.81 with the PHQ-9,

r=0.75 with the HAM-D, and r = 0.84 with the CES-D.
In general, the distribution of scores among the diagnos-
tic categories showed greater overlap (ie, less diagnostic
specificity particularly for no depression vs minor depres-
sion), greater variability, and greater skewness for these
other scales relative to the CAT-DI (Figure 2, B-D).

DIAGNOSTIC SCREENING

With the 100 healthy controls as a comparator, sensitiv-
ity and specificity for predicting MDD using the 50% prob-
ability threshold (CAT-DI score = -0.61) were 0.92 and
0.88, respectively. Results were similar for the combina-
tion of major and minor depression (0.90 sensitivity and
0.88 specificity). Using patients treated for depression in
the past 2 years who did not currently meet DSM-IV cri-
teria for minor depression or MDD as a comparator yielded
sensitivity and specificity of 0.92 and 0.64 for MDD and
0.90 and 0.64 for minor depression and MDD com-
bined, respectively. The lower specificity is due to el-
evated depressive symptoms in patients currently or re-
cently in treatment for depression who did not meet
DSM-IV criteria for MDD and/or minor depression. Using
the 95% probability threshold of +0.28 increased speci-
ficity to 0.98 but decreased sensitivity to 0.63. The in-
creased threshold is rarely (2%) exceeded by patients with-
out MDD, but only 63% of patients with MDD exceeded
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Figure 3. Percentile rank (among patients with a major depressive disorder
diagnosis) and probability (expressed as percentage) of a major depressive
disorder diagnosis. The y-axis refers to both of the curves portrayed on the
graph. CAT-DI indicates Computerized Adaptive Test-Depression Inventory
and Pr(MDD), probability of major depressive disorder.

this threshold. Depending on the application, different
thresholds can be used. A reasonable balance for appli-
cation in clinical (depression) samples is to use an 80%
classification probability threshold (CAT-DI score of
-0.19), which produces sensitivity of 0.82 and specific-
ity of 0.85. As expected, the rate of positive CAT-DI scores
(using the 50% threshold of -0.61) was higher (51.7%)
at the university psychiatric clinic than at the commu-
nity mental health clinic (31.1%).

The CAT-DI scores were strongly related to MDD di-
agnosis (odds ratio = 24.19; 95% CI, 10.51-55.67;
P < .001). A unit increase in the CAT-DI score has an as-
sociated 24-fold increase in the probability of meeting cri-
teria for MDD. This relationship is shown in Figure 3.
Figure 3 also presents the CAT-DI score percentile rank-
ing for patients with DSM-IV-diagnosed MDD. For ex-
ample, a patient with a CAT-DI score of 0.6 has a .50 prob-
ability of meeting criteria for MDD but would be at the
lower seventh percentile of the distribution of the CAT-DI
scores among patients who met criteria for MDD. By con-
trast, a patient with a CAT-DI score of 0.5 would have a
.97 probability of meeting criteria for MDD and would be
at the 50th percentile of patients meeting criteria for MDD.

EXAMPLE CAT ADMINISTRATIONS

Table 3 presents item-by-item results for 2 CAT admin-
istrations: 1 study participant with low severity and 1 with
high severity. The participant with low severity required
11 items to achieve an SE less than 0.3, and the partici-
pant with high severity required 12 items. The first par-
ticipant had a score of -0.892, which corresponds to a prob-
ability of .33 of meeting criteria for MDD and a percentile
of 3.4% among patients with MDD. As such, we would not
consider this to be a patient who is currently depressed.
By contrast, the second participant had a score of 1.028,
which corresponds to a probability of .99 of meeting cri-
teria for MDD and a percentile of 83.9% among patients
with MDD. As such, we would consider this to be a pa-
tient who is highly likely to be currently depressed. If we
had used a less stringent SE termination criterion of 0.4,

Table 3. Results of 2 Computerized Adaptive
Test Administrations

Item Information
(In the Past 2 Weeks) Response Score (SE) Score

Patient 1 (low severity)?

| felt depressed. A little of the time -0.706 (0.615)  4.056

Have you been in low A little of the time -0.761 (0.530)  3.490
or very low spirits?

How much were you A little bit
distressed by
feelings of
worthlessness?

| had difficulty
sleeping.

How much have you A little bit
felt discouraged?

Did fatigue interfere  Occasionally
with your mood?

How often has feeling No more than
depressed usual
interfered with
what you do?

How much were you A little bit
distressed by
feeling everything
was an effort?

Have you had No
problems
accomplishing less
than you would
like with your work
or other regular
daily activities as a
result of emotional
problems (such as
feeling depressed
or anxious)?

How much of the
time have you
been moody or
brooded about
things?

Did you feel isolated A little of the time -0.892 (0.298)  2.207
from others?

Patient 2 (high

severity)®

| felt depressed. Most of the time

Have you felt that life Quite a bit
was not worth
living?

Have you been in low Most of the time
or very low spirits?

-0.679(0.452)  3.361

Alittle bit -0.722 (0.431)  3.283

-0.803(0.403)  2.720
-0.845(0.375)  2.534

-0.812(0.353)  2.393

-0.799 (0.335)  2.401

-0.877 (0.324)  2.319

Alittle of the time -0.905 (0.308)  2.303

0474 (0.621)  4.056
0.810(0551)  3.815

0.900 (0.485)  3.547

| felt gloomy. Quite a bit 0.917 (0.437)  3.320
How much have you Quite a bit 0.951 (0.424)  2.855
felt that nothing

was enjoyable?
How much were you Quite a bit
distressed by
blaming yourself
for things?
How much were you Quite a bit
distressed by
feeling everything
was an effort?

0.973(0.384) 2640

0996 (0.353)  2.502

(continued)

we would have terminated item administration for both
participants after 6 items and would have obtained sever-
ity scores within 5% of the final values.
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Table 3. Results of 2 Computerized Adaptive Test
Administrations (continued)
Item Information
(In the Past 2 Weeks) Response Score (SE) Score
How often did you  Often 0.961 (0.342) 2.468
have negative
feelings, such as
blue mood,
despair, anxiety, or
depression?
How much difficulty  Quite a bit of 0.994 (0.322) 0.322
have you been difficulty
having in the area
of mood swings or
unstable moods?
| could not get going. Most of the time  1.017 (0.313) 2.400
How much were you Quite a bit 1.029 (0.302) 2.365
distressed by
feelings of guilt?
| was unhappy. Often 1.028 (0.299) 2.341

2For patient 1: score, -0.892; SE, 0.298; probability of major depressive
disorder, .33; and percentile among patients with major depressive
disorder, 3.4%.

b For patient 2: score, 1.028; SE, 0.299; probability of major depressive
disorder, .99; and percentile among patients with major depressive
disorder, 83.9%.

B COMMENT __ Ey

Results of this study reveal that we can extract most of
the information (r = 0.95) from a bank of 389 depres-
sion items using a mean of only 12 items (median of 2
minutes 17 seconds) per study participant. The para-
digm shift is that rather than using a fixed number of items
and allowing measurement uncertainty to vary, we fix
measurement uncertainty to an acceptable level for a given
application and allow the number and specific items ad-
ministered to vary from participant to participant. As an
example, changing our termination threshold from an SE
of 0.30 to 0.40 decreased the mean number of items ad-
ministered from 12 to 6, with only a small correspond-
ing decrease in correlation with the total 389-item score
(r=0.95to r = 0.92). Such efficiency would permit de-
pression screening of large populations necessary for con-
ducting studies of psychiatric epidemiology and deter-
mining phenotypes for large-scale molecular genetic
studies.

The ability to administer the CAT-DI in a few min-
utes via the Internet, without clinician assistance, makes
routine depression screening of patients in primary care
possible because the results of the test can be transmit-
ted directly to the medical record and discussed with the
patient by the physician at the time of their visit. We
note that depressed patients are particularly difficult to
assess with a long scale, and the benefits of CAT admin-
istration are therefore particularly important in this
setting.

From a taxonomic point of view, the distribution of
the CAT-DI scores in this study sample suggests a mix-
ture of 2 component distributions, one pathological and
one not. However, both distributional components ap-
pear to have normal distributions, demonstrating that

there is considerable interindividual variability in pa-
tients with and without clinical depression. The 2 com-
ponent distributions are well separated by approxi-
mately 2.5 SDs, making classification straightforward.

A somewhat unexpected result is the jointly high lev-
els of sensitivity (0.92) and specificity (0.88) for the
CAT-DI for predicting MDD when using general medi-
cal sample controls as the comparison group. A differ-
ent threshold can be used such that even in samples of
patients actively or recently being treated for depres-
sion, the CAT-DI accurately predicts MDD. The use of a
finite mixture distribution model to empirically derive
thresholds for studying sensitivity and specificity for di-
agnostic classification appropriate for the particular sample
evaluated in this study is another unique methodologic
feature of this study.

The CAT-DI exhibits strong correlation (r = 0.75 to
r = 0.84) with other established depression rating scales,
both self-rated and clinician rated. Despite this strong as-
sociation, the CAT-DI appears to be better able to dif-
ferentiate patients with minor depression from patients
who did not meet criteria for minor or major depres-
sion. This is not at all surprising because the CAT-DI is
adaptively selecting items from a large bank of possible
items that are targeted to the specific level of depressive
severity of each patient. By contrast, the fixed-length scales
consist of a relatively small number of items, for which
only a few may be discriminating at any specific level of
depressive severity. As a result, they may do well in the
extremes (eg, MDD) but have less information for inter-
mediate severity levels. This is one of the major advan-
tages of CAT.

As applied in this study, CAT does not solve all mea-
surement problems. For example, if we were interested
simply in diagnostic classification, we would be better
off adaptively selecting items that maximized measure-
ment precision in the region between healthy and de-
pressed. Furthermore, although the CAT-DI may be ex-
tremely helpful in many settings, it is not able to assess
functional impairment or assess the immediacy of treat-
ment necessity.

There are numerous areas for further study. As pre-
viously demonstrated,* CAT can be applied to a wide va-
riety of areas in mental health measurement, with simi-
lar reductions in patient and clinician burden. As a part
of the current research program, we have also devel-
oped CAT instruments for anxiety and bipolar disorder,
which we will soon report. Application to the assess-
ment of depression in children is also viable; however,
different item banks would be required and methods for
dealing with developmental shifts must also be incorpo-
rated. The measurement of depression in different popu-
lations (eg, Hispanics) can also be accommodated by trans-
lating the CAT-DIitem bank into different languages (eg,
Spanish) and then testing for differential item function-
ing between our current sample and a culturally differ-
ent sample. It is likely that items that may provide ex-
cellent discrimination of high and low depressive severity
in one culture or race may not perform as well in an-
other. Identifying the most informative items for a given
population may provide further benefits over tradi-
tional measurement.
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These same opportunities for future research repre-
sent the limitations of the current study. It is unclear how
the CAT-DI will function in other cultures. It is un-
likely that the CAT-DI is currently suitable for children
and adolescents, and further study is also required in el-
derly populations. In this article, we focus exclusively on
the primary depressive dimension; however, there may
be interest in the subdomains as well. The results of this
study must be cross-validated. The number of patients
with minor depression in our study is small.

Our estimates of sensitivity and specificity are spe-
cific to the population sampled and may be different in
other populations, for example, screening depression in
an inpatient or outpatient general medical population.
The estimated parameters of the mixture distribution (ie,
differences in means, SDs, and the proportion in the el-
evated component distribution) are also sample depen-
dent, and we would expect them to vary, for example, if
we looked at a primary care setting where the incidence
of depression was lower. Our estimates are based on the
combination of an outpatient mental health clinic and a
community mental health center in which we would ex-
pect a relatively high incidence of patients in the el-
evated component distribution (ie, high depressive se-
verity). The inclusion of healthy controls, however, allows
us to better characterize the lower component distribu-
tion. Evaluation of this mixture distribution in other popu-
lations (eg, primary care) is important for testing the gen-
eralizability of the cut points we have derived for
classifying patients as depressed and for assessing sen-
sitivity and specificity. In addition, further statistical re-
search is under way for directly estimating the mixture
distribution as a part of the bifactor model and using it
to obtain expected a posteriori estimates of the scores.

The National Institutes of Health—funded PROMIS ini-
tiative has also studied patient-reported outcomes using
CAT and IRT, including depression.**** The primary dif-
ferences between PROMIS and the CAT-DI for the mea-
surement of depression are (1) the PROMIS item bank
consists of 28 items, whereas the CAT-DI bank consists
of 389 items; (2) PROMIS has relied on unidimensional
IRT models, whereas the CAT-DI incorporates multidi-
mensionality produced by the sampling of items from dis-
tinct subdomains of depression; and (3) the CAT-DI has
been developed for measuring the severity of depres-
sion and screening for depression, whereas PROMIS has
focused on measurement of depressive severity. The theo-
retical advantage of the large item bank and multidimen-
sional approach to calibration is that the CAT-DI is highly
discriminating across the entire depressive severity con-
tinuum, and the adaptively administered items are rep-
resentative of several different underlying domains of de-
pressive symptoms. Forcing unidimensionality results in
small item banks that may limit generalizability. Fur-
ther study of this important issue is under way.

The CAT-DI may also have special relevance for lon-
gitudinal studies, where the score on the previous mea-
surement occasion can be used as the starting value for
the next CAT, leading to even fewer items adminis-
tered. It would also be of interest to compare the CAT-DI
with the HAM-D in terms of identifying treatment ef-
fects in randomized clinical trials. Increased precision may

be obtained by decreasing the termination SE. This con-
jecture will be tested in a future study.

The CAT-DI depression scale currently exists as a re-
search instrument; however, the Windows-based and web-
based versions of the program will be completed at the
end of 2012 (see www.healthstats.org for details). The
programs will be made available in both standalone and
cloud computing environments and will be fully sup-
ported. Further work continues on establishing the va-
lidity of the CAT-DI anxiety and bipolar scales.
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