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ABSTRACT

PURPOSE The US Preventive Services Task Force recommends screening for
depression in the general adult population. Although screening questionnaires for
depression and anxiety exist in primary care settings, electronic health tools such
as computerized adaptive tests based on item response theory can advance screen-
ing practices. This study evaluated the validity of the Computerized Adaptive Test
for Mental Health (CAT-MH) for screening for major depressive disorder (MDD)
and assessing MDD and anxiety severity among adult primary care patients.

METHODS We approached 402 English-speaking adults for participation from a
primary care clinic, of whom 271 adults (71% female, 65% black) participated.
Participants completed modules from the CAT-MH (Computerized Adaptive Diag-
nostic Test for MDD, CAT-Depression Inventory, CAT-Anxiety Inventory); brief
paper questionnaires (9-item Patient Health Questionnaire [PHQ-9], 2-item Patient
Health Questionnaire [PHQ-2], Generalized Anxiety Disorder 7-item Scale [GAD-
7]); and a reference-standard interview, the Structured Clinical Interview for DSM-5
(Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition) Diagnoses.

RESULTS On the basis of the interview, 31 participants met criteria for MDD and
29 met criteria for GAD. The diagnostic accuracy of the Computerized Adaptive
Diagnostic Test for MDD (area under curve [AUC] = 0.85) was similar to that of
the PHQ-9 (AUC = 0.84) and higher than that of the PHQ-2 (AUC = 0.76) for
MDD screening. Using the interview as the reference standard, the accuracy

of the CAT-Anxiety Inventory (AUC = 0.93) was similar to that of the GAD-7
(AUC = 0.97) for assessing anxiety severity. The patient-preferred screening
method was assessment via tablet/computer with audio.

CONCLUSIONS Computerized adaptive testing could be a valid and efficient
patient-centered screening strategy for depression and anxiety screening in pri-
mary care settings.

Ann Fam Med 2019;17:23-30. https://doi.org/10.1370/afm.2316.

INTRODUCTION

ajor depressive disorder (MDD) and generalized anxiety disorder

(GAD) affect nearly 10% of adults' and are largely managed in pri-

mary care settings.?? At least one-half of patients with depression
in primary care are not recognized or adequately treated, however.*” Ade-
quately treating MDD and GAD is imperative, given patients’ adverse health
outcomes and high health care costs when these conditions go untreated.®'?

A crucial first step to improving depression and anxiety outcomes is
adequate screening.'* The most commonly used screening tools in pri-
mary care are paper based and have a limited number of predetermined
questions.””"'® However, nearly 90% of US primary care physicians have
electronic health records (EHRs),"” presenting the opportunity to leverage
electronic tools for screening.

Computerized adaptive tests (CATs) are electronic tools that create per-
sonalized assessments by adaptively varying the questions administered based
on patient responses to previous questions. By design, CATs minimize mea-
surement uncertainty and have greater precision than traditional self-report
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assessments. Several CATs for depression and anxiety
have been developed, > including the Computer-
ized Adaptive Test for Mental Health (CAT-MH). The
CAT-MH comprises a suite of assessments, including
ones for MDD screening,*® MDD severity,3° and anxi-
ety severity.*' It was developed using multidimensional
item response theory and random forests to capture the
multidimensional nature of psychological disorders.?”
The CAT-MH has been validated for adults present-
ing for outpatient psychiatric treatment,**3%*'42 but has
yet to be validated among adult primary care popula-
tions. Because the prevalence of depression and anxiety
may be comparatively lower among the latter, different
questions in the item bank may be more appropri-
ate; thus, validation in this population is warranted.
Also, the use of CATs, based on multidimensional item
response theory, has great potential in primary care to
increase the efficiency of assessing mental and physi-
cal health. We therefore evaluated the validity of the
CAT-MH for MDD screening and for assessing depres-

sion and anxiety severity in adult primary care patients.

METHODS

Participants

Participants were adults aged 18 years or older present-
ing to the internal medicine clinic in an urban, aca-
demic medical center. Individuals were eligible if they
spoke English, they could see and hear study directions,

43,44

they screened negative for dementia,**** and their phy-

sician assented to approaching them for recruitment.

Procedure
This study was approved by the medical center's insti-
tutional review board and monitored by a data safety
monitoring board. Patients were approached for par-
ticipation while waiting to meet with their physician.
All participants provided informed consent. Study
activities took place in private clinic rooms with only
the participant and assessor present.

We rotated the order of assessments (ie, interview,
CAT-MH, brief questionnaires) weekly to reduce
bias due to testing order. If a participant expressed
active suicidal or homicidal ideation, plan, or intent,
the assessor notified the patient's physician and study
principal investigator (N.L.). Safety assessments were
conducted, with follow-up as necessary. At the end of
the study, participants received a referral list of mental
health resources and $10 gift card.

Measures

Demographics

Participants reported their age, sex, race, ethnicity,
education, income level, and medical history.

Clinical Interview

Trained assessors (A.K.G. and A.M.) administered the
SCID—Structured Clinical Interview for DSM-5 (Diag-
nostic and Statistical Manual of Mental Disorders, Fifth Edition),
Research Version—a semistructured interview, to assess
for MDD and GAD.* The SCID is generally consid-
ered the reference-standard psychiatric assessment and
has been used in past validation studies.***¢ Interviewers
were not aware of the results of the other assessments.

Computerized Adaptive Test for Mental Health
Participants completed the CAT-MH without assis-
tance using a tablet computer. They could both read
and listen to the questions, and used the tablet touch-
screen to provide responses; headphones were offered
for privacy. The CAT-MH was delivered via a secure,
Health Insurance Portability and Accountability Act
(HIPAA)-compliant server.

The Computerized Adaptive Diagnostic Test for
MDD (CAD-MDD) was administered to screen for
MDD,*® and the CAT-Depression Inventory (CAT-DI)
was administered to assess depression severity among
patients who screened positive for MDD on the for-
mer.>” The CAD-MDD and CAT-DI select questions
from an item bank of 389 possible questions. Questions
are adaptively administered until a precise symptom
severity estimate is achieved. The first question is
selected randomly from the middle of the severity range;
additional items are selected based on their information
content conditional on the current severity score deter-
mined by the items already administered. CAT-DI scores
range from 0 to 100 and are grouped as normal (less
than 50), mild symptoms (50 to 65), moderate symptoms
(66 to 75), and severe symptoms (higher than 75).3°

The CAT-Anxiety Inventory (CAT-ANX) assesses
anxiety severity based on 431 possible questions. Scores
range from 0 to 100 and are grouped as normal (less
than 35), mild symptoms (35 to 50), moderate symptoms
(51 to 65), and severe symptoms (higher than 65).*

The CAT-MH is distributed by Adaptive Testing
Technologies, of which author R.D.G. is a founder. He
contributed to the study design and writing, but was
not responsible for data acquisition or analysis. Informa-
tion regarding use of the CAT-MH is available from the
company (https:/adaptivetestingtechnologies.com/).

Brief Questionnaires
Participants self-administered brief questionnaires using
paper and pen.

The 9-item Patient Health Questionnaire (PHQ-9)
assesses MDD symptoms over the past 2 weeks and
has been validated for screening and severity assess-
ment in primary care.'** Scores range from 0 to 27,
scores of 10 and higher indicate likely MDD.'® Scores
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are grouped as normal or minimal symptoms (0 to 4),
mild symptoms (5 to 9), moderate symptoms (10 to
14), moderately severe symptoms (15 to 19), and severe
symptoms (20 and higher).'s

The 2-item Patient Health Questionnaire (PHQ-
2) contains the first 2 questions of the PHQ-9, which
assess depressed mood and anhedonia over the past
2 weeks."”* The PHQ-2 has been validated in pri-
mary care, with a sensitivity of 0.61 and specificity of
0.92."4 Scores range from 0 to 6, and a score of 3 or
higher is a common cutoff for indicating likely MDD,

The Generalized Anxiety Disorder 7-item Scale
(GAD-7) assesses GAD symptoms, with good internal
and test-retest reliability for detecting GAD in primary
care.'"® Scores range from 0 to 21; scores of 10 and
higher indicate likely GAD.'® Scores are grouped as
mild symptoms (5 to 9), moderate symptoms (10-14),
and severe symptoms (15 and higher).'®

We used a self-administered paper ques-

We used logistic regression models to compare anx-
iety severity scores with SCID diagnoses and generate
predicted probabilities of GAD for specific CAT-ANX
scores. The Kruskal-Wallis H test and x? test were
used to assess associations between patients' preferred
screening delivery method and demographics.

Analyses were conducted using SPSS version 22
(IBM Corp). Statistical significance was set at a 2-sided
P value <.05.

RESULTS

Participant Characteristics

Figure 1 presents the study flow diagram. Of 402
patients approached, 271 (67%) completed the study
assessments. Table 1 shows their sociodemographic
and clinical characteristics, which reflect those of the
overall clinic population.

tionnaire to assess participant preference
for screening delivery method. Participants

Figure 1. Flow of participants in the study.

were asked, “When answering questions
about your mood, what format did you like
best?" and “What format did you like least?"”
Response options to both questions were
online (CAT-MH; on the tablet/computer),
interview (SCID; with an assessor), and paper
and pencil (questionnaires).

Statistical Analysis
To assess performance of the CAT-MH com-
pared with that of the brief questionnaires,
we needed to recruit 270 participants to
achieve a 90% area under the curve (AUC)
with a 5% margin of error.*®

We performed descriptive analyses, includ-
ing tests of associations between SCID diag-
noses and participant self-reported histories of
MDD and GAD. The diagnostic performance
of the CAT-MH and questionnaires was com-
pared with that of the SCID using receiver
operating characteristic curve analysis.”!

Agreement between the CAT-MH and brief

402 Approached

88 Declined
30 Excluded
23 Positive Mini-Cog
7 Language, perception

\ 4
284 Consented

»| 13 Discontinued study

Y

271 Completed assessments

3 Declined
1 Declined to complete PHQ-9
2 Declined to complete GAD-7

Y

Y Y

questionnaires for MDD and anxiety severity
were compared using Kk statistics.”> As k sta-
tistics require an equal number of categories
between variables, we calculated 2 k values
for MDD severity, by collapsing the fourth
PHQ-9 severity category (moderately severe)
into the third (moderate) or fifth (severe) cate-

270 Completed
MDD assessments

\4

44 Completed conditional
CAT-DI (screened positive
on CAD-MDD)

269 Completed
anxiety assessments

gory. These groupings were selected to merge
clinically similar categories (eg, moderately
severe and severe), not based on an empirical

distribution of the responses.

CAD-MDD = Computerized Adaptive Diagnostic Test for Major Depressive Disorder; CAT-

DI = Computerized Adaptive Test-Depression Inventory; GAD-7 = Generalized Anxiety Disor-
der 7-item Scale; MDD = major depressive disorder; PHQ-2 = 2-item Patient Health Question-
naire; PHQ-9 = 9-item Patient Health Questionnaire.
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On the basis of the SCID, 31 participants met 95% CI, 1.07-1.13) and each 1-category increase in
criteria for MDD and 29 met criteria for GAD. SCID-  severity (normal, mild, moderate, severe) (OR =6.4;
diagnosed MDD was associated with self-reported 95% CI, 3.7-10.9). The CAT-ANX scores correlated
depression (odds ratio [OR] =19.2; 95% CI, 7.8-46.7) with GAD-7 scores (p=0.74; P <.001). There was fair
and anxiety (OR=14.3; 95% ClI, 6.2-33.2). SCID- agreement between severity classifications on the CAT-
diagnosed GAD was associated with self-reported ANX and GAD-7 (k=0.40 = 0.06; P <.001). Figure 2
depression (OR=9.1; 95% CI, 3.9-21.2) and anxiety shows the probability that a patient would meet criteria

(OR=13.6; 95% Cl, 5.7-32.5).

Screening for MDD

for GAD based on the SCID given various CAT-ANX

scores, as predicted by logistic regression analysis.

The CAD-MDD identified 42 participants as screen- Preferred Screening Delivery Method
ing positive for likely MDD, whereas the PHQ-9 iden-  Participants preferred using the tablet computer most
tified 37 participants. The CAD-MDD administered often (53%), followed by the interview (33%), and,

4.2 (SD 0.5) questions on average (range,
4 to 6), and the median time to comple-
tion was 42 seconds (interquartile range
[IQR] =34 to 60).

With the SCID as the reference, accu-
racy of the CAD-MDD (AUC =0.85) was
similar to that of the PHQ-9 (AUC =0.84)
and higher than that of the PHQ-2
(AUC =0.76) (Table 2). Agreement for
MDD screening between the CAD-MDD
and PHQ-9 (k =0.66 = 0.07; P <.001)
was higher than agreement between the
CAD-MDD and PHQ-2 (k=0.45 + 0.08;
P <.001).

Assessing Depression Severity

The CAT-DI administered 7.6 (SD 1.9)
questions on average (range, 5 to 15),

and the median time to completion was

71 seconds (IQR =52 to 93). CAT-DI
scores strongly correlated with PHQ-9
scores (r=0.76; P <.001). The CAT-DI and
PHQ-9 severity levels had fair agreement,
regardless of whether participants classified
as having moderately severe symptoms by
the PHQ-9 were grouped with those hav-
ing moderate symptoms (k =0.26 + 0.09;

P =.001) or with those having severe symp-
toms (k=0.22 = 0.09; P=.008).

Assessing Anxiety Severity

The CAT-ANX administered 11.8 (SD 4.1)
questions on average (range, 5 to 22), and
the median time to completion was 94 sec-
onds (IQR =67 to 150). Compared with the
SCID, the CAT-ANX and the GAD-7 per-
formed similarly well (AUC=0.93 and 0.97,
respectively) (Table 2). Participants’ odds
of SCID-diagnosed GAD increased with
each 1-unit increase in CAT-ANX score
(measured on a 100-point scale) (OR=1.10;

Table 1. Participant Sociodemographic and Clinical
Characteristics

Participants  Participants
Total With MDD? With GAD?

Characteristic (N=271) (n=31) (n=29)
Age, mean (SD), y 57 (17) 53 (12) 46 (14)
Female, No. (%) 191 (71) 26 (84) 24 (83)
Ethnicity, No. (%)
Hispanic 11 4) 0 0
Non-Hispanic 254 (94) 31 (100) 29 (100)
Prefer not to answer 6 (2) 0 0
Race, No. (%)
Black 176 (65) 27 (87) 19 (66)
White 73 (27) 3 (10) 10 (34)
Other 8 (3) 0 0
Prefer not to answer 13 (5) 1(3) 0
Level of education, No. (%)
College degree or higher 136 (50) 7 (22) 11 (39)
Some college or junior college 83 (31) 12 (39) 8 (27)
High school graduate/GED 34 (12) 8 (26) 8 (27)
Some high school 18 (7) 4 (13) 2(7)
(grades 9-12) or less
Household income, No. (%)
>$100,001 44 (16) 1(4) 3 (10)
$50,001-$100,000 84 (31) 6 (20) 10 (35)
$25,001-$50,000 60 (22) 10 (33) 6 (21)
<$25,000 43 (16) 10 (33) 7 (24)
Prefer not to answer 40 (15) 3 (10) 3 (10)
Self-reported medical diagnoses,
No. (%)
Depression 54 (20) 23 (74) 17 (59)
Anxiety 39 (14) 18 (58) 16 (55)
Diabetes 62 (23) 8 (26) 7(12)
Heart disease 42 (15) 5 (16) 4 (14)
Kidney disease 18 (7) 3 (10) 0
Liver disease 14 (5) 2 (6) 1(3)
Stroke 14 (5) 5 (16) 4 (14)
Chronic pain 43 (16) 11 (35) 9 (31)
Non-skin cancer 11 (4) 0 0

DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; GAD = generalized anxi-
ety disorder; GED = general equivalency diploma; MDD = major depressive disorder.

2Based on diagnoses generated from the Structured Clinical Interview for DSM-5 Disorders (SCID).
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Table 2. Performance of the Computerized Adaptive Tests and Brief
Questionnaires Relative to the Reference-Standard Clinical Interview

Measure Test and Value(s)

Screening for MDD CAD-MDD PHQ-9 PHQ-2
Sensitivity 0.77 0.75 0.58
Specificity 0.93 0.94 0.93
Positive predictive value 0.57 0.62 0.52
Negative predictive value 0.97 0.97 0.95

AUC (95% Cl) 0.85 (0.76-0.94p  0.84 (0.75-0.94¢  0.76 (0.65-0.87)

Assessing anxiety severity CAT-ANX GAD-7 -

AUC (95% CI)
OR (95% Cl) for 1-point
increase in score

OR (95% Cl) for 1-category
increase in severity

0.93 (0.90-0.97)°
1.10 (1.07-1.13)2

0.97 (0.96-0.99)° -
1.58 (1.40-1.80)° -

6.37 (3.72-10.91) 11.48 (5.76-22.88) -

AUC = area under the curve; CAD-MDD = Computerized Adaptive Diagnostic Test for Major Depressive
Disorder; CAT-ANX = Computerized Adaptive Test-Anxiety Inventory; GAD-7 = Generalized Anxiety Disorder
7-item Scale; MDD = major depressive disorder; OR = odds ratio; PHQ-2 = 2-item Patient Health Question-
naire; PHQ-9 = 9-item Patient Health Questionnaire.

2P <.001.

rificed. Compared
studies,***? this stu

lastly, paper-and-pencil questionnaires (14%) (Supple-
mental Figure 1A, available at http://www.annfammed.
org/content/17/1/23/suppl/DC1/). The majority of par-
ticipants (64%) rated paper-and-pencil questionnaires
as their least preferred screening method (Supplemen-  clinics. Our results
tal Figure 1B, available at http:/www.annfammed.org/
content/17/1/23/suppl/DC1/).
Screening by tablet was the preferred method

among black individuals com-

higher accuracy than the com-
monly used PHQ-2 for depression
screening.'”*’ Participants preferred
delivery by tablet computer over
interview and paper-based ques-
tionnaires, highlighting the accept-
ability of this screening approach.
The CAD-MDD performance
was comparable to that of the
PHQ-9 for MDD screening and
administered fewer questions on
average (4 vs 9). The CAT-ANX
performance also was comparable
to that of the GAD-7 for assessing
anxiety but required more ques-
tions (12 vs 7). The CAD-MDD
outperformed the PHQ-2 for
screening for MDD and required
only 2 additional questions on
average. As the CAD-MDD
median completion time was 42
seconds, efficiency was not sac-
with past CAD-MDD validation

dy showed lower sensitivity but

higher specificity, which may be due to a lower preva-
lence of MDD in primary care than in psychiatric

also may differ because the clinic

population has a much higher proportion of black
individuals (65%) compared with past CAT-MH study
populations (eg, 10%3® and 5%*?). Future work to tai-

pared with nonblack individuals

(=78, P= 02). There was no Figure 2. Predicted probability of a GA

D diagnosis given CAT-ANX score.

Moderate

association between preferred Normal Mild
screening method and age, sex, 100 i
education, income, self-reported i
depression or anxiety, or SCID- I ————— e ——
diagnosed depression or anxiety. E

60 :

DISCUSSION

40

To improve depression and
anxiety detection and manage-

Probability of diagnosis, %

ment in primary care, efficient 20

and accurate screening tools

are essential. We evaluated 0
CATs among adult primary

100

care patients and demonstrated
that the CAT-MH is a valid
instrument for screening for
MDD and assessing depression
and anxiety severity compared
with reference-standard inter-

views. Also, the CAT-MH had

CAT-ANX score

CAT-ANX = Computerized Adaptive Test-Anxiety Inventory; GAD = Generalized Anxiety Disorder; SCID = Struc
tured Clinical Interview for DSM-5 (Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition) Disorders,
Research Version.

Note: Figure shows the probability of a GAD diagnosis on the SCID for given cutoff scores on the CAT-ANX, as
predicted using logistic regression modeling. For example, a patient with moderate anxiety on the CAT-ANX (a
score of 50) has a 45% probability of receiving a GAD diagnosis via the SCID.
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lor the item bank questions, the algorithm, or both for
primary care patients may improve the accuracy and
efficiency of the CAT-MH.

CATs using multidimensional item-response theory
and cloud-based assessments offer potential advan-
tages over traditional written assessments for use in
medicine. [deally, the growing integration of EHRs in
primary care'® could enable implementation of CATs
in clinical practice.???32°°3-3¢ Patients' test responses
could be added to EHRs in real time and to searchable
forms to automate development of disease-specific
population registries. The online format can incor-
porate modules for additional mental health concerns
(eg, suicidality’”) and can be modified in real time.
Using cloud-based assessments may enhance pos-
sibilities for patients to self-administer these tools,
including outside of the clinic.”® Because clinicians can
immediately access patients' responses, physicians can
monitor symptom changes without necessarily requir-
ing in-person visits. Further, as the same questions
on the CAT-MH are not repeatedly administered,
patients can be routinely assessed in or out of the
clinic without producing response bias due to repeated
administration of the same questions using traditional
instruments.** The CAT-MH was developed using
multidimensional item response theory, which permits
measurement of complex traits such as depression and
anxiety, and allows for much larger item banks than
CATs based on unidimensional item response theory.
These features offer advantages over other electronic
tools that have been tested in primary care, such
as the PsyScan e-tool,*® Patient-Reported Outcome
Measure Information System (PROMIS) symptom
measures (for which CATs are available),**°%¢" and the
Adaptive Pediatric Symptom Checklist.®?

The potential impact of health-related technologies
for improving mental health assessment may be tem-
pered by their limited integration in EHRs, however, as
EHRs in many health care systems are not yet capable
of integrating stand-alone programs. Also, in general,
the impact of screening tools on mental health out-
comes is limited because clinician assessment is neces-
sary for diagnosis.

Limitations of this study should be noted. Our sam-
ple was disproportionately female, black, and well edu-
cated (with one-half having a college degree or higher).
Replication in other populations and non-US samples
is warranted and would allow for detailed analyses of
severity scores. We recruited a small number of partici-
pants in accordance with our sample size calculation,
which precludes analyzing findings among subpopula-
tions. Lastly, we compared the CAT-MH with paper
questionnaires, rather than with electronic question-
naires, because the former are commonly used in clini-

cal practice. Participant preferences may have been
influenced by delivery mode differences, however.

In conclusion, CATs could be a valid, highly effi-
cient, and patient-centered approach for depression
and anxiety screening and assessment in primary care
patients. In this first validation study in primary care,
the CAT-MH had similar diagnostic accuracy and
correlated well with the PHQ-9 and GAD-7, and was

delivered in a way that patients preferred.

To read or post commentaries in response to this article, see it
online at http://lwww.AnnFamMed.org/content/17/1/23.

Key words: screening; depression; anxiety; mental health; symptom
assessment; surveys and questionnaires; health informatics; electronic
health records; vulnerable populations; primary care; practice-based
research
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