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Abstract
Purpose of Review We review recent literature on the adaptive assessment of complex mental health disorders and provide a
detailed comparison of classical test theory and adaptive testing based on multidimensional item response theory.
Recent Findings Adaptive tests for a wide variety of mental health traits (e.g., depression, anxiety, mania, substance misuse,
suicidality) are now available in a cloud-based environment. These tests have been validated in a variety of settings against
lengthy structured clinical interviews with excellent results and even higher reliability than fixed-length tests. Applications
include screening and assessments in emergency departments, psychiatric and primary care clinics, student health clinics,
perinatal medicine clinics, child welfare settings, and the judicial system.
Summary The future of mental health measurement will be based on automated screening and assessments. Adaptive tests will
provide increased precision ofmeasurement and decreased burden ofmeasurement. Integration into the electronic health record is
important and now easily accomplished.

Keywords Mental health measurement . Depression . Suicidality . Multidimensional item response theory . Computerized
adaptive testing . Bifactor model

Introduction

With global access to the internet and the development of
modern server technology, we can now provide national and
even international screening and assessment of complex men-
tal health constructs. Gone are the days when only a chosen
few patients received lengthy face-to-face clinical interviews
administered by skilled clinicians. Gone also are the days
whenwe relied on traditional short-form assessments in which
patients are screened for psychiatric conditions such as major
depressive disorder using as few as 2 questions, or measured

for the severity of depression or anxiety using a fixed set of 10
or fewer questions. We no longer need rely on classical test
theory, in which all patients must be asked the same questions
regardless of their severity of illness, in which all questions are
weighted equally regardless of the severity, and then summed
into a total score. The future of mental health measurement
depends on a new, better strategy: questions are drawn from
exhaustively large “item banks” that have been calibrated
using modern psychometric methods; items are adaptively
selected and administered so that they quickly converge on
illness severity. Moreover, modern item response theory (IRT)
can accommodate multidimensional constructs such as mental
health disorders, unlike traditional educational measurement
where constructs such as mathematical ability are essentially
unidimensional and measured using simple unidimensional
IRT. In this review, we will discuss the development and evo-
lution of new mental health measurement systems for both
screening and severity assessment that (1) preserve the multi-
dimensionality of complex mental health constructs; (2) re-
duce patient burden; (3) completely eliminate clinician bur-
den; and (4) at the same time maximize the precision of mea-
surement. This is nothing less than a fundamental paradigm
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upgrade—from traditional fixed-length mental health tests
with unvarying items but variable precision of measurement,
to adaptive tests that fix the precision of measurement by
allowing the items to vary, both in number and content. No
longer do we need to sacrifice the precision of measurement
for the speed of measurement. Through adaptive testing based
on multidimensional item response theory (MIRT), we can
specify a level of precision, then administer a small, statisti-
cally optimal set of items targeted to each patient’s underlying
level of severity at that particular time.

What Is Measurement?

What exactly is measurement? A traditional definition is
“Measurement is the process of obtaining the magnitude of a
quantity relative to an agreed-upon standard.” This definition
does not work for our purposes here because it presumes that
there is an agreed-upon standard. While there may be in the
physical sciences, there is not in the social and behavioral
sciences, where we attempt to measure latent constructs such
as depression or suicidality.We cannot “spike” a personwith a
known amount of depression and then compare different de-
pression tests to determine which if any adequately reproduce
the patient’s level of severity. Rather, we draw statistical in-
ferences about the magnitude of the latent variable through a
statistically thoughtful examination of its manifestations,
namely the symptoms that a patient has and the severity level
of those symptoms. Some symptoms may be better discrimi-
nators than others in terms of the severity of the underlying
latent variable. Some symptomsmay be informative at the low
end of the scale (e.g., Do you feel sad?) while others may be
more informative at the higher end of the scale (e.g., Do you
feel that others would be better off if you were dead?). The
traditional (yet statistically naïve) approach of simply sum-
ming the individual item scores to derive a measure of the
underlying latent variable as a “total score” assumes that all
items are equally discriminating and that all items are equally
severe. We can do much better.

Classical Test Theory

Most mental health measurement is based on subjective judg-
ment and classical test theory (CTT). CTT is an application of
the 1809 Gaussian theory of errors [1] to the measurement of
individual differences. Originating in the work of Charles
Spearman in 1907 [2], the classical theory was first applied
to scores from cognitive tests in which item responses were
scored “right” or “wrong.” The test score of a respondent was
the number of right responses. Later the theory was extended
to any multiple-item psychological test in which items can be
meaningfully scored in a consistent direction. Classical test

theory assumes that the test score obtained by counting “right”
responses is an additive linear model consisting of two ran-
dom components—one due to the individual differences in the
population of respondents and the other due to error, defined
as the item-by-respondent interaction. In practice, CTT instru-
ments (e.g., the PHQ-9) are characterized by a simple score
(the sum of the 9-item responses) without regard to measures
of either of the two variance components. The degree of un-
certainty in the resulting test score is unknown, and as noted
previously, the items are treated equally despite the possibility
of large differences in severity. Moreover, changing the num-
ber of items (e.g., eliminating the suicide item) renders the
results of the two different tests non-comparable.

Item Response Theory

In contrast to CTT, IRT takes a model-based approach to mea-
surement. Its origins date back to the pioneering work of
Lawley and Lord in the 1940s and 1950s [3•,4•]. In IRT, the
observed responses (e.g., symptom severity ratings) arise from
underlying variation in a latent variable of interest (e.g., de-
pression) which is discretized with a threshold (e.g., meets/
does not meet criteria). The corresponding probability of a
specified response to an item (or rating of a symptom) is a
function of the underlying severity of the illness and charac-
teristics of the items, both of which can be estimated statisti-
cally from the response patterns. The item parameters typical-
ly include a parameter that describes the prevalence with
which the specified response occurs (similar to the 50% lethal
dose or LD50 in bioassay) and a second parameter which
describes how well the item discriminates between patients
of low and high levels of severity, similar to a slope in a
regressionmodel or a factor loading in a factor analysis model.
Readers familiar with the concept of probit analysis will see
that IRT is a form of probit analysis where the dosage
metameter is unobserved and the outcome is a vector of dis-
crete responses (one for each symptom item) instead of a
single binary variable (e.g., dead or alive).

Multidimensional Item Response Theory

For complex traits such as depression, anxiety, or suicidality
in which items are sampled from subdomains such as cogni-
tion, mood, and somatization, the assumption that the item
responses are independent conditional on a single latent vari-
able is no longer valid. The net result is that we underestimate
the true uncertainty in the resulting test score, unnecessarily
discard items due to poor item fit, and produce test scores with
greater empirical variability (between subject) than desired
[5••]. Multidimensional item response theory (MIRT) [6] ob-
viates these problems by allowing us to directly incorporate
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this multidimensionality into test score estimation, resulting in
separate estimates of each of the different subdomains. In our
case, however, a more parsimonious solution is the bifactor
restriction [7••,8] in which each item loads on the primary
dimension of interest (e.g., depression) and a single
subdomain from which that item was drawn (e.g., mood dis-
order). This allows us to describe the underlying disorder as a
single-valued index that directly incorporates the conditional
dependencies produced by the sampling of items within
subdomains. Gibbons and coworkers [9••] first applied the
bifactor model to the problem of measuring depression based
on discrete item-response data in 2012.

Computerized Adaptive Testing

CAT makes use of the property of scaled measurement inher-
ent in IRT, such that different subjects can respond to different
items, yet still be similarly measured in terms of the latent
attribute of interest. CAT requires that a large bank of items
(potentially hundreds) be previously calibrated using an IRT
orMIRTmodel (e.g., a bifactor model) so that those items that
are good discriminators of high and low levels of the charac-
teristic of interest can be identified and ordered in terms of
their estimated severity on the latent variable metric of interest
(e.g., depression). After each item is administered, an estimate
of the patient’s severity is made along with its uncertainty.
Based on that severity estimate, the next most informative
item is administered based on a statistical selection criterion.
The process continues until a predefined uncertainty threshold
(e.g., 5 points on a 100-point scale) is met. CAT has been
extended to incorporate the inherent multidimensionality of
mental health constructs [5••, 9••, 10], which is greatly facil-
itated by the bifactor model. To illustrate how this works, let
us use a simple unidimensional example. Imagine that we
wish to use CAT to test students’ mathematical ability, and
we have two examinees: a fourth grader, and a mathematics
graduate student. CATwould begin by administering an alge-
bra item, selected from somewhere midway along the contin-
uum of difficulty. When the 4th grader got it wrong, CAT
would select an easier item, but when the graduate student
got it right would select a more difficult item. How far tomove
and exactly which item to administer next is the statistical key
to the problem, which is more difficult for multidimensional
constructs such as depression, anxiety, or mania than it is for
essentially unidimensional constructs like mathematics.

Advantages of IRT Over CTT

There are several limitations of CTT that are overcome using
IRT and MIRT, and many of the advantages of IRT and MIRT
are further improved through combination with CAT. In the

following explanation, we refer to IRT in general to describe
both unidimensional and multidimensional models.

1. CTT provides no estimate of uncertainty in the estimated
score, whereas IRT provides an estimate of both the scale
score (e.g., severity of depression) and the uncertainty in
that estimate. Adding CATallows us to ante hoc specify a
level of acceptable uncertainty, so that all subjects are
measured to the same level of uncertainty regardless of
their level of impairment. This is not true for fixed-length
tests where uncertainty or precision will vary both be-
tween individuals and within individuals repeatedly mea-
sured over time.

2. CTT assumes that the items are a random sample of items
from the population of items and that each item reflects
the same level of severity of the underlying latent variable
(e.g., depression) and each item has the same ability to
discriminate high and low levels of the latent variable
(e.g., depression). All of these assumptions are patently
false. IRT jointly estimates characteristics of the subjects
(i.e., a severity score and a corresponding uncertainty es-
timate) and characteristics of the items (i.e., prevalence of
the item in the population, such as severity level and the
item’s discrimination of high and low levels of the under-
lying construct). CAT adds to this by adaptively selecting
the most informative item for each subject based on an
estimate of her severity level at any stage in the testing
session. Since the person and item characteristics are mea-
sured on the same scale, we can select the most appropri-
ate item for a given individual on a given measurement
occasion. This is in direct contrast to traditional CTT in-
struments used in mental health measurement which must
always administer the same set of items regardless of the
severity level of the patient. Even if we have strong evi-
dence to believe that the patient’s depression is severe
based on prior testing or a suicide attempt, CTT-based
tests are unaltered whereas IRT-based CAT can use this
information to further refine the testing session and tailor
it (in a personalized medicine-like approach) to each
patient.

3. For repeat assessments, CTT-based tests administer the
same items over and over again, leading to response set
bias. In other words, after repeated administration of the
same items in the same order, responses are remembered
and tend to be the same, even when severity might be
changing. This bias is completely eliminated in IRT-
based CATwhere different items are presented in different
testing sessions. Despite the use of different items, test-
retest reliability is actually higher for IRT-based CAT
(CAT-depression inventory (CAT-DI) r = 0.92 versus the
PHQ-9 r = 0.84) [11]. These advantages are highlighted
by recent applications of IRT-based CAT in short-term
assessments (e.g., every 30 min) used to evaluate the
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effects of fast acting drugs like ketamine (study at
Columbia University, Michael Grunebaum and J. John
Mann PIs) or for the positioning of electrodes in deep
brain stimulation for treatment-refractory depression [12].

4. IRTmethods permit the item content of tests to be updated
during use without compromising the long-term compa-
rability of the estimated scores. This allows items to be
added to or deleted from the item bank as we learn more
about the disorder of interest, while still maintaining com-
parability and interpretability between the scale scores
before and after the change in the item bank. This is not
possible with CTT—an added or deleted item renders
scores noncomparable.

5. Perhaps the most important difference between CTT and
IRT-based CAT is the ability of the latter to simultaneously
reduce test burden and increase precision of measurement.
The CAT-DI [9••] using an average of 12 adaptively admin-
istered items was able to reproduce the entire 389 item bank
scores almost exactly (r= 0.95). Traditional CTT-based tests
sacrifice the precision of measurement for the speed of mea-
surement, but no such sacrifice is madewith CAT, so long as
items are drawn from large item banks. The distinct advan-
tage of the CAT-DI is that it is based on multidimensional
IRTso that themajority of items in the original item bank are
maintained in the final item bank. As an example, the CAT-
DI was based on an original item bank of 452 items, of
which 389 of those itemswere retained in the final item bank
based on strong loadings on the primary depressive severity
dimension. Similar approaches to IRT-based CAT based on
unidimensional IRT also began with large item banks (300
items) but fewer than 30 items remained after calibration due
to the demonstrably false assumption of unidimensionality
(e.g., NIH–PROMIS [13]). The majority of items adminis-
tered via IRT-based CATare targeted to that patient’s level of
severity and as a consequence precision of measurement is
dramatically increased. Having an estimate of precision for
any given test score enables this measurement process to
continue until the desired level of precision is obtained.
And remember that the desired level of precision changes
according to the purpose: desired precision might be quite
different for an RCT of a novel new antidepressant medica-
tion where we might want higher precision (less uncertainty
but longer adaptive tests) than for a national psychiatric ep-
idemiologic survey where we can accept lower precision but
need more rapid assessments.

6. Some CTT measures of depression such as the HAM-D
[14] have the additional problem of items with variable
numbers of response categories. The HAM-D, for exam-
ple, has items with 5-category responses, and items with
binary responses. It is unlikely that Dr. Max Hamilton
intended to count 5-category items as being 2.5 times
more important than binary items, yet this is exactly the
consequence of having items with different response

formats. This is not a problem for IRT where differences
in numbers of categories are absorbed in the calibration.

Table 1 displays examples of CTT (PHQ-9) and MIRT-
based CAT (CAT-MH) for the screening (CAD-MDD) and
measurement (CAT-DI) of depression at intake and two
follow-up interviews. The table illustrates the reduction of
items for adaptive screening (4 for CAD-MDD versus 9 for
PHQ-9) and the reduction in items for CAT based on repeat
assessments (13 items for week 1 versus 9 items for week 2),
and the added information regarding uncertainty in the sever-
ity score for the CAT-DI. The CAT-DI also provides the esti-
mated probability of an MDD diagnosis and the percentile
among SCID diagnosed cases of MDD with that score.
Finally, Table 1 illustrates how the CAT-MH adapts to the
changing severity level of the patient and changes both the
number and specific questions asked, required to achieve the
same level of precision.

Diagnosis Versus Severity Measurement

It is important to note that diagnosis and scaled measurement
(i.e., severity) of dimensional constructs are quite different
things. The simple thresholding of a continuous measure to
produce a diagnosis is inherently inefficient. Unlike measure-
ment which should be based on IRT, diagnostic screening
based on the mapping of a set of symptoms onto a “gold
standard” diagnosis represents a statistical prediction problem
that can be solved using machine learning techniques. For
diagnosis, we want to assess symptoms with a severity level
at the point at which the diagnosis shifts from negative to
positive. A computerized adaptive diagnostic screener for ma-
jor depressive disorder (CAD-MDD) has been developed [15]
and shown to have sensitivity of 0.95 and specificity of 0.87
against an hour-long SCIDDSM-5 diagnostic interview, when
using an average of only 4 symptom items (max = 6), admin-
istered in less than a minute.

While patient self-reports of symptoms can be validly and
reliably assessed using IRT-based CAT, clinicians use a very
different observational paradigm based on clinical experience
gleaned over years of repeated clinical exposure.
Nevertheless, data indicate that the use of IRT-based measure-
ment from patient self-reports is generally in close agreement
with clinician ratings. For example, the correlation between
the CAT-DI and the clinician rated HAM-D was found to be
r = 0.75 in a general psychiatric patient sample [9••]. In addi-
tion, the CAD-MDD which is based on a machine learning
algorithm [16] is indeed quite different from the process by
which a clinician arrives at a diagnosis, yet produces diagno-
ses with excellent agreement with clinical experience in a tiny
fraction (less than one-hundredth) of the time. The advantage
of these new adaptive tools is that they focus clinical attention
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Table 1 Example baseline screening and weeks 1 and 2 assessments for PHQ-9 versus CAT-MH

PHQ-9 Baseline Week 1 Week 2

Responses Responses Uncertainty Responses Uncertainty

Little interest or pleasure in doing things 2 3 ? 2 ?

Feeling down depressed or hopeless 2 2 ? 1 ?

Trouble falling/staying sleep, Sleeping too much 3 2 ? 1 ?

Feeling tired or having little energy 3 3 ? 2 ?

Poor appetite or overeating 3 3 ? 3 ?

Feeling bad about yourself or that you are a failure or
have let your family down

3 3 ? 2 ?

Trouble concentrating on things such as reading the
newspaper or watching television

2 2 ? 2 ?

Moving or speaking slowly that other people could
have noticed. Or the opposite—being so fidgety
or restless that you have beenmoving around a lot
more than usual

3 3 ? 2 ?

Thoughts that you would be better off dead or of
hurting yourself

3 2 ? 2 ?

MDD screen Positive

Confidence ?

Total score 23 17

Uncertainty ? ?

0 = not at all, 1 = several days, 2 =more
than half the days, 3 = nearly every day

CAT-MH (CAD-MDD baseline, CAT-DI Weeks 1
and 2)

Baseline Week 1 Week 2

Responses Responses Uncertainty Responses Uncertainty

Baseline

How much did any feelings of depression bother
you?

Often

How much have you felt nothing was interesting or
fun?

Extremely

I felt sad Quite a bit

How much of the time have you felt downhearted
and blue?

Most of the time

MDD Screen Positive

Confidence 99.30%

Week 1

I felt depressed Most of the time 10.4

Have you felt that life was not worth living? Extremely 9.3

How often did you feel hopeless? Often 7.8

How much of the time have you felt downhearted
and blue?

Most of the time 7.1

Has feeling depressed interfered with what you
usually do?

Most of the time 6.2

Have you found yourself wishing you were dead and
away from it all?

Much more than usual 6.2

How much of the time have you felt so down in the
dumps that nothing could cheer you up?

All of the time 6.0

I had difficulty sleeping Quite a bit 5.8

How much have you felt discouraged? Extremely 5.6

I felt like I was at the end of my rope Most of the time 5.3

Have you been feeling sluggish? Quite a bit 5.2 <

Curr Psychiatry Rep (2019) 21: 67 Page 5 of 9 67



on those in greatest need while sparing the clinician time spent
screening large numbers of patients, the majority of which are
not in need of their care.

What Can We Test?

MIRT-based CATs are now available for the dimensional mea-
surement in adults of depression, anxiety, mania/hypomania,
PTSD, substance abuse, psychosis, and suicidality, in English
and Spanish. In perinatal patients, we can measure depression,
anxiety, and mania/hypomania. For youth (ages 7–17), we
have instruments to measure depression, anxiety, mania/hypo-
mania, ADHD, conduct disorder, oppositional defiant disor-
der, and suicidality rated by both the child and parent [5••, 9••,
10, 17, 18•,19•, 20, 21].

Example Applications

There are numerous applications of this new technology.

& Large-scale screening and monitoring of depression and
anxiety in integrated primary care and behavioral
health-care settings is a natural application of this work

and is already in practice in a number of major
institutions.

& Insurers can now monitor the progress of patients through
treatment without the patient needing to be in the clinic for
testing.

& High frequency monitoring, even hourly (or less) in re-
sponse to fast acting new pharmacologic treatments (e.g.,
ketamine and deep brain stimulation) are possible because
the same items are not repeatedly administered to the same
patient. The ability to monitor patients daily for changes in
depressive severity is now feasible.

& Patients seeking treatment can be screened by telephone
so that waiting lists can be prioritized based on need rather
than waiting time.

& Large-scale screening of adolescents in schools for depres-
sion and suicide risk is now possible as a first step in preven-
tion efforts using these tests, and now tests are available for
lower school students and their parents as well.

& In pharmaceutical studies, adaptive testing provides a
method for easily identifying the most severely ill patients
for enrollment as well as providing outcome measures
with increased precision for identifying pharmacologic
treatment effects. A recent study at Columbia University
has shown that the adaptive depression and suicidality
tests outperformed clinician ratings of depression and

Table 1 (continued)

How much have you been disappointed in yourself? Quite a bit 5.1

How much were you distressed by trouble concentrating? Quite a bit 4.8

Severity Score 82.9 4.8

Category Severe

Probability of MDD 99.80%

Percentile among patients with positive SCID DSM-5 MDD 90.4th

Week 2

Have you been in low or very low spirits? Some of the time 10.2

I had difficulty sleeping Somewhat 8.7

Has feeling depressed interfered with what you usually do? Some of the time 8.2

To what degree has fatigue caused you distress? Somewhat 6.9

How often did you feel sad? Some of the time 6.6

How much were you distressed by blaming yourself for things? Moderately 6.2

How much have you felt withdrawn from others? Moderately 5.7

How much have you been disappointed in yourself? Moderately 5.3

I had difficulty concentrating Moderately 5.0

Severity Score 56.3 5.0

Category Mild

Probability of MDD 90.20%

Percentile among patients with positive SCID
DSM-5 MDD

26.4th
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suicidality in a randomized clinical trial of ketamine ver-
sus midazolam.

& Large-scale molecular genetic studies (e.g., genome-wide
association studies) can use rapid adaptive testing to pro-
videmental health phenotypes needed to better understand
the genetic basis for psychiatric disorders and make ad-
vances in personalized medicine.

& CAT is also uniquely suited to detect falsification of re-
sponses that may be made to either give the impression of
an illness (e.g., in a jail) or to mask the presence of an
illness (e.g., in the military or among athletes). As an ex-
ample, MIRT-based CAT is in use in the Cook County
Bond Court to identify potential inmates who are in need
of mental health treatment.

& Large-scale University student screening and monitoring
programs can now be implemented and students that are in
need of treatment can be immediately identified and treated
with internet-based cognitive behavior therapy, or more in-
tensive treatment, depending on their severity scores. The
entire entering class at UCLA (6000 students) has recently
been screened and assessed for depression, anxiety, and
suicidality in this way. Those with mild to moderate severity
are immediately enrolled in internet-based cognitive behav-
ior therapy (iCBT) and peer support counseling.

& Finally, CAT has been used for state-wide assessment of
mental health disorders in the state of Tennessee child
welfare system where over 300 case-workers have been
trained in its use.

Integration With the Electronic Health Record

As of 2015, 87% of ambulatory care practices used an electronic
health record (EHR) [22]. Simultaneously, use of the internet and
web-enabled digital devices has grown enormously; currently
88% of US adults use the internet and 77% use smartphones
[23, 24]. The simultaneous expansion of health information tech-
nology (IT) and internet use provides a unique opportunity for
health-care systems to use novel methods to integrate patient
reported outcomes (PROs) into clinical care.

A new strategy for integrating PROs into clinical care is by
using patient portals. Patient portals are secure websites which
give patients access to their health information via a web con-
nection [25] and allow for secure messaging between pro-
viders and patients. Patient portals which are linked to an
EHR, also known as tethered, allow for seamless data flow
from the health-care system to patients. Patients who use por-
tals have fewer no-show appointments [26] and higher levels
of satisfaction and engagement [27–29] with only slightly
increased physician workloads [30]. Studies have demonstrat-
ed that patient portals increase communication between pa-
tients and providers [30]; however, to date, tethered patient

portals have not been used proactively by health-care systems
to systematically collect patient PRO data. Using patient por-
tals to collect PROs proactively could be highly efficient and
actionable, especially when data are triaged and pushed to
clinical teams as necessary. Portal-based outreach by the
health-care system could improve population health manage-
ment, increase patient engagement, improve clinical workflow
by off-loading work, and improve quality of care.

To date, very limited research exists in this domain, and no
randomized controlled trials have examined whether patient por-
tals can be used to provide population-level PRO measurement.
In order to motivate health-care systems to invest in the health IT
infrastructure to integrate PROs via portals, it is essential to con-
duct a randomized controlled trial (RCT) to understand whether
portals can extend clinical care to new populations, and in es-
sence, evaluate the return on investment. To assess whether pa-
tient portals increase the capture of PROs, it is essential to test a
PRO, like depression symptomatology, that is clinically impor-
tant, highly prevalent, measurable, treatable, and has a long-
standing history of being under assessed and managed. For de-
cades, MDD has had validated brief questionnaires, and more
recently computerized adaptive tests, which could be used to
diagnose and assess the severity of MDD. However, these tests
are not used routinely in clinical practice, resulting in only half of
patients being diagnosed, and only half of patients with MDD
being adequately treated in primary care.

Recently, anAHRQ-funded study (Dr. Neda Laiteerapong PI)
is under way to test this hypothesis. To date, a MIRT-based CAT
for the measurement of depression [9••] and a machine learning
computerized adaptive diagnostic screener for MDD [15] have
been fully integrated into the Epic EHR at the University of
Chicago, and clinical workflows designed around their integra-
tion. The system enables depression screening and measurement
in the clinic using computers and remote screening and assess-
ment via the patient portal, with results immediately displayed in
the patient’s medical record. This randomized controlled study
will evaluate whether portal invitations to complete depression
screening increase the rate of screening compared with screening
for depression during routine clinic visits and whether evaluation
of depression symptoms via the portal increases major depres-
sion remission rates compared with usual care.

Implications for Clinical Practice

So, how can this new technology be used to improve clinical
practice? To begin, both diagnostic screeners and dimensional
severity measures for depression, anxiety and mania can be
administered either in the clinic or in a patient’s home prior to
their primary care visit. Results of these tests can then be
integrated into the electronic health record so that the primary
care doctor can be alerted to the possibility of a psychiatric
issue for discussion, observation, treatment, or referral, as
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indicated. For all clinicians, the dimensional scores can be
administered either at clinic visits or remotely at any interval
of time (e.g., weekly) so that the effectiveness of treatment can
be monitored and mental health care adjusted sensitively and
frequently. Similarly, mental health screening can be initiated
in the emergency department where rates of undiagnosed and
untreated depression are likely to be high. These patients have
been shown to be high users of physical health services in-
cluding ED and inpatient services, so their identification may
lead to decreased health care costs and improved outcomes if
successfully referred and treated [31•]. In other high-risk pop-
ulations such as perinatal clinics, repeated assessments during
the course of pregnancy and post-partum can lead to early
detection of the onset of perinatal depression and subsequent
better outcomes. Finally, these tests can form the basis for a
stepped care approach whereby less severely ill patients can
be treated with inexpensive yet efficacious mobile psychother-
apy apps (e.g., iCBT), reserving psychotherapy and/or phar-
macotherapy for those with moderate to severe depression. In
our recent ED study [31•], 22% of patients screened positive
for depression but only 7% were in the moderate to severe
range. The majority of these screen-positive subjects (15%)
could likely be treated using far less expensive and less clini-
cian-intensive interventions. Remarkably, those with MDD
(adaptively assessed using the CAD-MDD) had a 61% in-
creased rate of ED visits and a 49% increased rate of hospi-
talizations. Across the range of the CAT-DI depressive sever-
ity scale there was a 250% increase in both ED visits and
hospitalizations. These depression assessments, so useful at
focusing the visit, were completed in the ED in an average
of 2 min.

With new US Preventive Services Task Force recommen-
dations for widespread screening for depression in primary
care, perinatal care and across the age span [32•], the advan-
tages of scaled measurement become all the more relevant.

In the world of primary care, innovation around practice
redesign is at a fever pitch: integration of behavioral health
into primary care, advanced self-management strategies for
chronic diseases, incorporation of community resources into
personal health plans, and dealing with the social determinants
of health are all changes that will benefit from this technology.
One of the key advancements is in the area of patient engage-
ment—self-management in dealing with the common mental,
emotional, and behavioral problems in primary care. IRT-
based CAT offers us an unprecedented platform for shared
patient participation in the management of mental health dis-
orders, substance misuse and suicidality by virtue of its ease
and accuracy of use by patients at times other than clinic visits,
and protection against testing bias; offering massive improve-
ments in the care of these conditions in primary care. We
simply cannot use traditional CTT-based instruments in this
way. It is inevitable that we will adopt these new methods of
measurement in primary care.

Conclusions

Just as model-based measurement replaced classical test theory
in educational measurement, the same transition is inevitable in
measurement in the social and behavioral sciences in general,
and in mental health in particular. While the heavy lift from
unidimensional to multidimensional constructs leads to statistical
complexity in estimation and development, this statistical hurdle
has been cleared, and the practical use of these measures is no
more complex than their more limited CTTcounterparts. Clinical
workflow and seamless integration with the electronic health
record is now feasible for routine implementation in our health-
care systems. The application of MIRT-based CAT in mental
health is not limited to clinical care, but goes beyond to screening
and assessments in our schools, child welfare systems, and crim-
inal justice system. Indeed, there are applications that we have
not yet considered.Mental health is fundamental to the quality of
our lives and to the world’s public health; and we are now in
possession of tools that make the assessment of mental health
much, much easier, and more accurate.
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