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Prediction of Primary Care Depression Outcomes at
Six Months: Validation of DOC-6 ©
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Daniel W. Cozine, BCE, Elizabeth W. Cozine, MD, and David J. Katzelnick, MD

Background: The goal of this study was to develop and validate an assessment tool for adult primary
care patients diagnosed with depression to determine predictive probability of clinical outcomes at 6
months.

Methods: We retrospectively reviewed 3096 adult patients enrolled in collaborative care management
(CCM) for depression. Patients enrolled on or before December 31, 2013, served as the training set
(n � 2525), whereas those enrolled after that date served as the preliminary validation set (n � 571).

Results: Six variables (2 demographic and 4 clinical) were statistically significant in determining
clinical outcomes. Using the validation data set, the remission classifier produced the receiver operating
characteristics (ROC) curve with a c-statistic or area under the curve (AUC) of 0.62 with predicted prob-
abilities than ranged from 14.5% to 79.1%, with a median of 50.6%. The persistent depressive symp-
toms (PDS) classifier produced an ROC curve with a c-statistic or AUC of 0.67 and predicted probabili-
ties that ranged from 5.5% to 73.1%, with a median of 23.5%.

Conclusions: We were able to identify readily available variables and then validated these in the pre-
diction of depression remission and PDS at 6 months. The DOC-6 tool may be used to predict which
patients may be at risk for worse outcomes. (J Am Board Fam Med 2017;30:281–287.)
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Depressive symptomatology is common among pa-
tients seeking primary care. The implementation of
collaborative care models (CCMs) has contributed
to addressing and improving clinical outcomes for
depressive disorders in primary care settings.1–3

CCMs provide additional resources that otherwise

would not be available, such as care managers and
psychiatric oversight to adapt treatment recom-
mendations. Despite improved outcomes for de-
pression, we previously demonstrated in our CCM
population that the predicted probability of persis-
tent depressive symptoms (PDSs) 6 months after
implementing the CCM ranged from 6.6% to
42.1%.4 The predictive factors involved were clin-
ical diagnosis (first episode vs recurrent major de-
pression), depression severity, anxiety severity, and
the result of the Mood Disorder Questionnaire
(MDQ5) screen. Furthermore, prior studies at our
institution associated a higher baseline severity of
depressive symptoms (as measured on the 9-item Pa-
tient Health Questionnaire [PHQ-9]6) and anxiety (as
measured by the 7-item Generalized Anxiety Disor-
der Questionnaire [GAD-7]7), and a positive MDQ
screen with worse clinical outcomes in a CCM.8–11

In addition to mental health comorbidities serv-
ing as risk factors for poor clinical outcomes of
depressive symptoms in primary care, psychosocial
difficulties are predictive of poor outcomes for the
treatment of depression in primary care.12 More-
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over, psychosocial difficulties are associated with
complications with treatment engagement and nega-
tively affect medical outcomes in primary care.12–18

In Europe, the PREDICT study developed a mul-
tifactor risk score for predicting the development of
depression among primary care patients who were
asymptomatic for depression.19,20 To our knowl-
edge, however, no empirically derived tool is avail-
able to predict depression outcomes among pa-
tients in primary care who have recently been
diagnosed with major depression.

Given the rate of PDSs among patients in pri-
mary care and the risk factors associated with poor
clinical outcomes for the treatment of depression in
primary care, practical and clinical implications ex-
ist for predicting depression outcomes. By estimat-
ing the probability of remission from depressive
symptomatology using readily available informa-
tion based on patients’ demographic and clinical
characteristics, clinicians may be able to optimize
outcomes by adapting treatment recommendations,
specifically for patients identified to be at higher
risk for poor outcomes.

The goal of this study was to develop and vali-
date an assessment tool for adult primary care pa-
tients diagnosed with depression that used their
initial clinical and demographic characteristics by
modeling the probabilities of remission and PDSs
at 6 months. By estimating the relative risk associ-
ated with the clinical and demographic patient vari-
ables, clinicians may be able to adapt therapies,
specifically for patients at higher risk for PDSs.

Methods
This study was approved by the Mayo Clinic Insti-
tutional Review Board. Adult patients in this study
were identified from the primary care practices at
the Mayo Clinic in southeastern Minnesota (em-
paneled patients from the Department of Family
Medicine, Division of Primary Care Internal Med-
icine, and Division of Community Pediatrics and
Adolescent Medicine). A CCM for depression care
was implemented at 2 sites in 2008 and expanded to
all 5 clinical sites (�100,000 adult patients) by
March 2010. Our CCM, through assistance from a
specifically trained registered nurse care manager,
with weekly oversight of the patients by a psychia-
trist, included a depression registry, treatment
guidelines, and relapse prevention counseling, and
has been reviewed previously.21,22 All adult patients

diagnosed (by primary or specialty care clinicians)
with major depression or dysthymia and with an
initial PHQ-9 score �10 had the option of enroll-
ing in the program. The only exclusionary criterion
for entry into the CCM was a clinical diagnosis of
bipolar disorder (an abnormal MDQ screen was
acceptable). Patients who were diagnosed with ma-
jor depressive disorder and an initial PHQ-9 score
�10 were treated with usual primary care.

Cohort
We retrospectively reviewed the medical records of
4663 adult patients (aged 18–93 years) enrolled in
the CCM from March 1, 2008, through June 30,
2015. Some patients (1567, or 33.6%) were missing
6-month follow-up PHQ-9 scores and were ex-
cluded from the analysis. Patients with complete
data enrolled on or before December 31, 2013,
served as the training set (n � 2525). Patients
enrolled on or after January 1, 2014 till the end of
the study, served as a validation set (n � 571), for a
study cohort total of 3096 patients.

The dependent variable was the PHQ-9 score at
the 6-month follow-up after enrollment in the
CCM program. Remission was defined as a
6-month PHQ-9 score �5, whereas the presence
of PDSs was defined as a PHQ-9 score �10. In
addition to the initial diagnosis (first episode of
major depression or recurrent major depression or
dysthymia), the independent demographic variables
were age, sex, and marital status (yes or no). Inde-
pendent clinical variables included the results of the
baseline PHQ-9 score, MDQ screen, Alcohol Use
Disorders Identification Test (AUDIT) question-
naire,23 and GAD-7 score.

The PHQ-9 is a 9-item tool that scores each
item from 0 to 3 based on the patient’s assessment
over the prior 2-week period. The minimum score
is 1 and the maximum is 27. The MDQ screen was
scored as “negative” if the total score was �7 points
for first question and if both the second and third
questions had a negative response; it was scored as
“abnormal” if any mix (or all) of the positive criteria
were coded. As noted previously, patients with a
clinical diagnosis of bipolar disorder were excluded
from CCM enrollment, but no one was excluded
based on a positive MDQ screen alone. The AUDIT
has 10 questions that are scored from 0 to 4. An
AUDIT score �8 signifies an increased risk of
hazardous drinking.24 The GAD-7 has a range of
scores from 0 to 21, and anxiety symptomology was
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defined as asymptomatic (score of 0–4), mild (5–9),
moderate (10–14), or severe (�15).

Classifiers
Using the training data set, 2 multivariate logistic
regression classifiers were created: 1 for probability
of remission and the other for the probability of
PDSs. In both models, backward elimination of
factors with a two sided P value of � .05 was used
to arrive at a final simplified model in both cases.
Analysis of variance with P � .05 for statistical
significance was used to test the null hypothesis
that the coefficients of the factors eliminated from
the simplified model were not equal to zero.

Classifier Validation
Both classifiers obtained from the training data set
using the simplified models were run on the vali-
dation data set to produce the predicted probabil-
ities of remission from depression and PDSs. These
predicted probabilities were compared with the ac-
tual 6-month PHQ-9 score to produce receiver
operating characteristic (ROC) curves. The c-sta-
tistic, or area under the curve (AUC), was com-
puted.25 Bootstrapping using 1000 random samples
with replacement of the validation data set was
used to compute the 95% confidence intervals for
the c-statistic in both classifiers. The statistical
software R (version 3.0.2; R Foundation for Sta-
tistical Computing, Vienna, Austria), including
the ROCR26 and Boot27 packages, were used to
analyze the data.

Results
Of the 3096 patients in this study, 2525 (81.6%)
were in the training cohort and the remainder were
in the validation cohort (n � 571 [18.4%]). Remission
rates at 6 months were 52.3% (n � 1321) for the
training group and 49.7% (n � 284) for the validation
group (P � .266). PDS was present in 594 patients
(23.5%) in the training cohort and 152 patients
(26.2%) in the validation cohort (P � .123). Mild
depression severity (PHQ-9 score of 5–9) was pres-
ent in 23.5% versus 26.6%, respectively.

Remission Classifier
The odds ratios and 95% confidence intervals for
the factors retained in the final simplified remission
of depressive symptoms classifier are illustrated
in Figure 1. Sex, dysthymia diagnosis, and the
AUDIT score were dropped from the initial model
by backward selection because their P value was �
.05. Comparing the final simplified model with the
initial full model, the null hypothesis that coeffi-
cients of the dropped factors were not equal to zero
was rejected (P � .057). Thus, the simplified model
is not significantly different from the full model.

The remission of depressive symptoms classifier
produced the ROC curve shown in Figure 2 when
run using the validation data. The c-statistic (AUC)
was 0.62, with a 95% confidence interval of 0.57 to
0.66.

Predicted probabilities for remission at 6
months using the validation data ranged from
14.5% to 79.1%, with a median of 50.6% (first
quartile, 41.0%; third quartile, 59.3%).

Figure 1. Odds of a 9-item Patient Health Questionnaire (PHQ-9) score <5 at 6 months after enrollment in
collaborative care management for depression, by variable. MDQ, Mood Disorder Questionnaire; GAD-7: 7-item
Generalized Anxiety Disorder Questionnaire.
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Persistent Depressive Symptoms Classifier
Figure 3 shows the odds ratios and 95% confi-
dence intervals for the factors retained in the
final simplified persistent depressive symptoms
classifier. Sex, dysthymia, and the AUDIT score
were dropped from the initial model by backward
selection because their P value was � .05. Com-
paring the final simplified model with the initial
model, the null hypothesis that coefficients
of the dropped factors were not equal to zero was
rejected (P � .42). Thus, the simplified model
is not significantly different from the full
model.

The persistent depressive symptoms classifier
produced the ROC curve shown in Figure 2 when

run using the validation data. The c-statistic (AUC)
was 0.67, with a 95% confidence interval of 0.61 to
0.72. Predicted probabilities for PDSs on the vali-
dation data ranged from 5.5% to 73.1%, with a
median of 23.5% (first quartile, 15.9%; third quar-
tile, 32.9%).

Depression Outcomes Calculator
To ease the burden of referencing numerous
coefficients and performing logarithmic calcula-
tions in a clinical setting, an online calculator was
designed using the validated model. This tool
was named the Depression Outcomes Calculator-
Six Items (DOC-6) (© 2016 Angstman et al. All
rights reserved) and can be accessed at http://www.

Figure 2. Comparison of the Receiver Operating Characteristics (ROC) curves for Depression Outcome Validation
using DOC-6 tool.

Figure 3. Odds of a 9-item Patient Health Questionnaire (PHQ-9) score >10 at 6 months after enrollment in
collaborative care management for depression, by variable. MDQ, Mood Disorder Questionnaire; GAD-7: 7-item
Generalized Anxiety Disorder Questionnaire.
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mayoclinic.org/doc-6. The online calculator was
built using simple HTML5 form elements and the
Knockout JavaScript framework (http://knockoutjs.
com) to bind data between the data model and form
fields. By prompting the user for each of the variable
inputs through a simple form, the tool automatically
applies the appropriate formulas and renders the out-
put numerically and graphically, rounded to the near-
est percentage. The use of standard web protocols
and full client-side execution allows the maximum
portability of this tool across browsers and devices.
Results are given as the calculated predictive proba-
bility, with placement in the appropriate quartile. The
graphical output is dynamically created upon execu-
tion and is accomplished using HTML styles in order
to achieve instantaneous response times. The overall
scale of the graphic display represents 0.0–1.0/300
pixels, which was chosen to optimize the ability to
view it on mobile devices. The black quartile demar-
cations are a single pixel wide, making them accurate
to the nearest third of a percentage. The yellow result
line is 3 pixels wide, making it equivalent to 1% of the

overall scale; the yellow line is placed on the scale to
illustrate the percentage point.

Discussion
Using baseline characteristics and standardized as-
sessment tools, we developed and preliminarily val-
idated 2 logistic regression classifiers that could
predict the probability of remission and PDSs at 6
months for depressed patients in a CCM, with
moderate success (c-statistics of 0.62 and 0.67). We
created a simple web-based calculation tool, the
DOC-6, which uses these classifiers to deliver eas-
ily visualized probabilities and quartile compari-
sons. This prognostic tool allows care managers
and physicians to triage patients based on a data-
driven and validated risk stratification, alerting
them to those patients who may require closer
monitoring or additional therapeutic services.

Figures 4 and 5 demonstrate the probable pre-
dictive output of the model for 2 patient scenarios.
The first is a 20-year-old married patient with an

Figure 4. Predictive probability of 6-month outcomes for a 20-year-old married patient with an uncomplicated
(asymptomatic for anxiety symptoms and a negative Mood Disorder Questionnaire screen) first episode of
depression, with an initial 9-item Patient Health Questionnaire score of 10.

Figure 5. Predictive probability of 6-month outcomes for a 67-year-old unmarried patient with a complicated
(symptomatic for anxiety symptoms with a 7-item Generalized Anxiety Disorder Questionnaire score of 18 and a
partially positive Mood Disorder Questionnaire screen) recurrent episode of depression and an initial 9-item
Patient Health Questionnaire score of 26.
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uncomplicated (asymptomatic for anxiety symp-
toms and a negative MDQ screen) first episode of
depression, with an initial PHQ-9 score of 10 (Fig-
ure 4). The DOC-6 output demonstrates a 72%
predicted probability of remission at 6 months
(fourth quartile), with only a 9% probability of
PDSs (first quartile). To contrast this example, Fig-
ure 5 illustrates the DOC-6 output for a 67-year-
old unmarried patient with a complicated (symp-
tomatic for anxiety symptoms, with a GAD-7 score
of 18 and a partially positive MDQ screen) recur-
rent episode of depression and an initial PHQ-9
score of 26, with a 20% predicted probability of
remission (first quartile) at 6 months and a 62%
chance of PDSs (fourth quartile) at 6 months.

The DOC-6 is practical tool that uses results
from standardized, widely available assessment
tools (the PHQ-9, GAD-7, and MDQ). In our
practice, all the relevant information was obtained
from the patient by the care manager. Obtaining
the data and inputting it into the tool would not
require clinician activity. Thus, few barriers exist to
implementation within primary care. We have
demonstrated that other comorbid psychiatric con-
ditions, such as posttraumatic stress disorder, can
have a negative effect on depression outcomes in a
CCM.28 It is not always possible to make time
available for a structured interview or even a full
psychiatric history, especially in a busy primary
care practice with limited psychiatric resources. In-
put for the DOC-6 can be obtained during a clin-
ical visit or a phone call, or via other electronic
methods. While the result does not predict the
individual patient’s exact outcome (as this is af-
fected by other factors, especially current treatment
availability), it will potentially allow the clinician
the opportunity to more effectively stratify risk and
triage those patients who may need more clinical or
therapeutic support. Future research may wish to
evaluate whether the use of the DOC-6 contributes
to increased clinical outcomes and cost-effective-
ness among the primary care patient population.

This study has several limitations. The patients
were diagnosed with major depression or dysthy-
mia by their primary care provider and reviewed by
a consulting psychiatrist. A structured diagnostic
interview such as the Structured Clinical Interview
for DSM-5 was not used, but this is consistent with
routine clinical care, making the results more gen-
eralizable. The DOC-6 was validated at a large
academic institution using a cohort of community

primary care patients. While we have no reason to
believe that our primary care patient population
varies significantly from other primary care set-
tings across the United States, cross-validation in
other geographic locations and within minority
populations will contribute to the validity of the
DOC-6. The patients included in this study were
all in a care coordination program. Thus, the
algorithm may not generalize exactly to de-
pressed patients who are not receiving coordi-
nated care, as CCM patients receive more inten-
sive care than those in usual care. Predictive
classification performance of the model was mod-
erate (AUC � 0.62– 0.67), but is similar to other
complex clinical classification scenarios, such as
predicting 30-day readmissions.29,30 Inclusion of
variables such as biomarkers or depression sub-
types in future research may help refine the
model, improving the predictive performance.

Conclusions
Using primary care patient data in a CCM for
depression treatment, we were able to identify 6
readily available variables (2 demographic and 4
clinical), then validated them for the prediction of
6-month remission and PDSs. The DOC-6 tool
may be used to predict which patients may be at
risk for worse outcomes.

To see this article online, please go to: http://jabfm.org/content/
30/3/281.full.
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