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Enhancing Electronic Health Record Measurement
of Depression Severity and Suicide Ideation: A
Distributed Ambulatory Research in Therapeutics
Network (DARTNet) Study
Robert J. Valuck, PhD, RPh, Heather O. Anderson, PhD, Anne M. Libby, PhD,
Elias Brandt, BS, Cathy Bryan, MHA, Richard R. Allen, MS,
Elizabeth W. Staton, MSTC, David R. West, PhD, and Wilson D. Pace, MD
Background: Depression is a leading cause of morbidity worldwide. The majority of treatment for depression occurs in primary care, but effective care remains elusive. Clinical decision making and comparative studies of real-world antidepressant effectiveness are limited by the absence of clinical measures of severity of illness and suicidality.
Methods: The Distributed Ambulatory Research in Therapeutics Network (DARTNet) was engaged to
systematically collect data using the 9-item Patient Health Questionnaire (PHQ-9) at the point of care.
We used electronic health records (EHRs) and the PHQ-9 to capture, describe, and compare data on
both baseline severity of illness and suicidality and response and suicidality after diagnosis for depressed patients in participating DARTNet practices.
Results: EHR data were obtained for 81,028 episodes of depression (61,464 patients) from 14 clinical organizations. Over 9 months, data for 4900 PHQ-9s were collected from 2969 patients in DARTNet
practices (this included 1892 PHQ-9s for 1019 adults and adolescents who had at least one depression
diagnosis). Only 8.3% of episodes identified in our depression cohort had severity of illness information available in the EHR. For these episodes, considerable variation existed in both severity of illness
(32.05% with no depression, 26.89% with minimal, 19.54% with mild, 12.04% with moderate, and
9.47% with severe depression) and suicidality (69.43% with a score of 0, 22.58% with a score of 1,
4.97% with a score of 2, and 3.02% with a score of 3 on item 9 of the PHQ-9). Patients with an EHR diagnosis of depression and a PHQ-9 (n ⴝ 1019) had similar severity but slightly higher suicidality levels
compared with all patients for which PHQ-9 data were available. The PHQ-9 showed higher sensitivity
for identifying depression response and emergent (after diagnosis) severity and suicidality; 25% to 30%
of subjects had some degree of suicidal thought at some point in time according to the PHQ-9.
Conclusions: This study demonstrated the value of adding PHQ-9 data and prescription fulfillment data to
EHRs to improve diagnosis and management of depression in primary care and to enable more robust comparative effectiveness research on antidepressants. (J Am Board Fam Med 2012;25:582–593.)
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Depression is a common, chronic but episodic, and
costly condition for which primary care physicians
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provide the majority of care.1 Depression is severe
or very severe in approximately 60% of patients
and is the leading cause of disability worldwide as
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measured by the number of years lived with a disabling condition.2 In primary care practices, more
than 50% of depressed patients go unrecognized,
and among the half who do receive treatment, it is
adequate in approximately 42%, resulting in only
22% of all patients being adequately treated as
evaluated by medication use and frequency of follow-up.1
Assessing depression severity at the time of
diagnosis is important for determining prognosis
and treatment. Increased severity is associated
with higher health care service utilization, worse
outcomes, and less likelihood of remission.3,4 Patients with severe depression also may take longer to respond to treatment.5 Perhaps most importantly, baseline assessment of severity provides a
starting point for evaluating the effectiveness of treatment, making adjustments to treatment, and recognizing patients who have treatment-resistant depression.6
Assessing suicidality is an important component
of assessing depression severity. Each year 31,000
people in the United States, 60% with histories
of major depression, die by suicide; 650,000 are
treated emergently after a suicide attempt.7 Depression increases the risk for suicide by 10- to
20-fold.8 The lifetime rate of suicide attempts
among those with major depression is 8%. Several
direct, patient-based measures including the 9-ietm
Patient Health Questionnaire (PHQ-9)9 and Quick
Inventory of Depressive Symptomatology10 provide scores of severity and functional impairment
and have been validated for repeated use to measure change over time. Such measures are variably
used in routine primary care practice.11
Comparative effectiveness studies of antidepressants leave several important knowledge gaps, including the need for “real-world” studies that can
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assess differences in antidepressant effectiveness on
a large scale, with the ability to increase our understanding of baseline severity of illness and effects
on rare events such as suicidality.12 Furthermore,
little published evidence exists that describes
baseline severity of depression and suicide ideation in real-world, primary care practice settings
or provides guidance for researchers and clinicians regarding the best ways to measure these
phenomena on a large scale. To address these
gaps, we examined depression diagnosis, severity,
and treatment patterns in primary care using the
Distributed Ambulatory Research in Therapeutics Network (DARTNet).13,14 DARTNet is research network that links data from electronic
health records (EHRs) from 25 organizations representing more than 1700 clinicians and more than 3
million patients. Using data from EHRs and direct
measurement methods, this article reports the baseline severity of illness and suicidality, as well as subsequent response and suicidality (after diagnosis), for
depressed patients in participating DARTNet practices.

Methods
Patients and Data Collection
We obtained data from 14 DARTNet practices
that agreed to participate in this particular study.
Among DARTNet practices, these practices were
diverse in terms of both geography (located in 9
states from the East coast to the South to West
coasts) and practice size (solo practitioner to 12clinician practice).
We used 3 different approaches to collect data
for this study: existing data within each participating
DARTNet organization’s EHRs were supplemented
by prescription fulﬁllment data and PHQ-9 data to
create progressively more data-enriched subsets of
patients. First, we collected an array of demographic
and clinical variables from DARTNet EHRs. The
data were then standardized as previously described.15
Variables collected included patient age, sex, diagnoses, history of present illness, family history, social
history, laboratory tests and results, and medications
ordered. Overall, we extracted all records for up to 4
years (2006 to 2010, as available per individual practice) for all patients with at least one depressionrelated diagnosis or at least one total PHQ-9 score.
From these eligible patients, a retrospective, open
cohort of “new” adolescent (ages 13 to 18 years) and

EHR Measurement of Depression and Suicide

583

adult (age ⱖ19 years) depression episodes (referred to
as the depressed cohort) was created using the following
criteria: (1) at least one diagnostic code (International
Classiﬁcation of Diseases, Ninth Revision, Clinical Modiﬁcation [ICD-9-CM]) of 296.2, 296.3, 300.4, or 311;
(2) at least 90 days without an antidepressant prescription before the index diagnosis date; and (3) at least
120 days without depression diagnoses. These criteria
are based on the Healthplan Employer Data Information System (HEDIS) criteria for deﬁning and
measuring new episodes of depression, which are used
by the National Committee for Quality Assurance16,17 and have been used in prior work.18,19
Second, we obtained prescription fulﬁllment
data (ie, records of paid pharmacy claims) for patients who had such data available (for this study,
approximately 55% of patients were in DARTNet
practices that had access to fulﬁllment data). Prescription fulﬁllment data are important because
they indicate that a patient ﬁlled a prescription,
which is not always the case for medications ordered and noted in the EHR. Prescription fulﬁllment data also include the quantity of and days
supplied for each prescription and thus represent
the best available source of information for drug
exposure.
Third, we worked with the participating DARTNet
practices to create PHQ-9 data collection processes. We electronically prompted practice staff to
administer a PHQ-9 at speciﬁc intervals for speciﬁc
patients based on depression diagnoses, other diagnoses used for depression in a given practice, and
length of time since last PHQ-9. The PHQ-9 data
were collected a number of ways, ranging from
printed forms given to the patient in the waiting
room or completed by nurses, to online systems
used by nurses or clinicians. All practice sites received training on the interpretation and use of
PHQ-9 scores to diagnose and monitor depression.
Total PHQ-9 scores and item 9 (suicidality) scores
were abstracted from the HER, standardized, then
added to other clinical data from steps 1 and 2,
above. PHQ-9 data collection for this study occurred for a period of 3 to 4 months in most of the
participating organizations. Some participating organizations were already collecting PHQ-9 data, so
we also collected their existing data. Figure 1 provides a conceptual depiction of the DARTNet population, with the subsets of patients for whom data
from various sources was extracted or collected for
this study.
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Figure 1. Conceptual diagram of the DARTNet
population, data sources, and study cohorts. EHR,
electronic health record; PHQ-9, 9-item Patient Health
Questionnaire.
Paents in
DARTNet
Organizaons
(EHR Data)

Depression Cohort
PHQ-9
Data

(EHR + Fulﬁllment + PHQ-9 Data)

Measures
For each episode of depression, we identiﬁed patients’ age at time of index diagnosis, sex, episode
length (according to HEDIS criteria), primary diagnosis code used for the episode, severity of illness
(among patients whose depression was coded with
ICD-9-CM code 296.2 or 296.3, which allows for
severity coding), episode start type (new vs recurrent), and episode end type (among patients whose
depression was coded with ICD-9-CM code 296.2
or 296.3, which allows for coding of partial or full
remission). We reviewed PHQ-9 data from all patients in DARTNet participating practices, patients
in the depression cohort, and patients in the depression cohort for whom prescription fulﬁllment
data also were available.
Statistical Analysis
Descriptive statistics (N, percent, mean, median,
range) were used to characterize all measures.
Spearman’s rank-order correlation (2-tailed ␣ level
of 0.05) was used to test the strength and direction,
if any, of the relationship between baseline severity
of illness and baseline suicidality levels according to
the speciﬁed PHQ-9 score ranges. All data management and analyses were performed using SAS
version 9.2 (SAS, Inc., Cary, NC). The study protocol and data management and analysis plan were
approved by the Colorado Multiple Institution Review Board (Aurora, CO) and the American Academy of Family Physicians Institutional Review
Board (Leawood, KS), on behalf of individual
DARTNet practices.

Results
EHR and PHQ-9 data were obtained from 14 participating DARTNet organizations for 117,878 pa-
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tients with either a depression-related diagnosis or
at least one total PHQ-9 score. A total of 2969
patients had at least one PHQ-9 total score recorded and 2469 had at least one item-9 (suicidality) score recorded. From the 117,878 eligible patients, the criteria described above were used to
identify a cohort of 81,028 adolescent and adult
depression episodes, representing 61,464 unduplicated patients. From this cohort, 1019 patients had
at least one PHQ-9 total score recorded and 908
had at least one item-9 score recorded. Fulﬁllment
data obtained to enhance the EHR data were provided by 3 organizations for a total of 67,391 patients, of which 37,416 matched to a patient in the
depression cohort. A match across all 3 data sources
(EHR, PHQ-9, and fulﬁllment) identiﬁed 259 patients with data from each source.
Table 1 illustrates demographic and clinical
characteristics of the depression episodes identiﬁed
for study. Using only EHR data, patients (n ⫽
61,464) had an average of 1.3 episodes (median, 1.0
episode; range, 1–11 episodes) of depression, a
mean age of 57.51 years, and approximately 70%
were women. Relatively few (2.04%) of the episodes identiﬁed were in adolescents, but older
adults (aged ⱖ60 years in this analysis) were well
represented (43.41%). Median episode length was
436 days (approximately 14 months) using the National Committee for Quality Assurance/HEDIS
criteria for deﬁning episode length. Nearly 80% of
episodes were coded using either ICD-9-CM code
311 (65.78%) or 300.4 (13.97%); only 20% were
coded as major depressive disorder using ICD9-CM codes 296.2 or 296.3. Among the 16,412
episodes diagnosed with a major depressive disorder code, 59% had either unspeciﬁed or missing
severity information. Of the 41% (n ⫽ 6,741) with
severity of illness indicated, 17.88% were coded as
mild, 18.54% as moderate, and 4.65% as severe depression. Overall, only 8.3% of all episodes identiﬁed
using EHR data had severity of illness information
available. Finally, most episodes (75%) were index
episodes (vs recurrent), meaning the ﬁrst episode seen
in the available data. Indications of partial or full
remission (ie, the end of an episode according to
ICD-9-CM coding) were used in less than 0.2% of
episodes, so the characterization of episode ends and
overall length is tenuous at best using this data element. Results were generally similar for patients with
both EHR and prescription fulﬁllment data as well as
those with EHR plus fulﬁllment plus PHQ-9 data
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available; exceptions (eg, mean age being higher in
the EHR plus fulﬁllment group) because the practices for which fulﬁllment data were available have
more older adults in their patient populations.
Table 2 describes utilization patterns during antidepressant exposure for episodes for which patients ordered or ﬁlled an antidepressant prescription within 30 days of index depression diagnosis.
Slightly more than 21% of episodes had EHRdetected orders for antidepressants, but only 2% to
8% of episodes had antidepressant prescriptions
ﬁlled. This low rate could be because of incomplete
or delayed fulﬁllment data being fed back to practices; we relied on the data available at the time the
study. Among those episodes with an antidepressant order or ﬁll, selective serotonin reuptake inhibitors were the most commonly used (73% to
75%), followed by selective noradrenergic reuptake
inhibitors (11% to 17%), bupropion (5% to 9%),
and various other agents (⬍5% each). Mean time to
ﬁrst prescription ﬁll was approximately 7 days (median, 2.0 days), according to fulﬁllment data; thus,
most antidepressant prescriptions seem to be ﬁlled
within a week of being ordered, if they are ﬁlled at
all. According to fulﬁllment data, typical persistence with therapy was about 90 days, corresponding with guideline-recommended time windows for
initial management of acute depressive episodes.
Adherence with antidepressant prescriptions was
high, with mean and median medication possession
ratio values of 1.0, indicating that patients had
medication available on essentially all days for
which they remained on therapy. Concomitant psychotropic medication use was fairly common, with
anxiolytics used in 13% to 29% of episodes and
antipsychotics used in 7% to 17% of episodes for
which patients received antidepressants. Stimulants
and narcotic analgesics were used less frequently
(⬍5% of episodes for which patients received an
antidepressant).
Table 3 describes PHQ-9 data collected for this
study for all patients in participating DARTNet practices over a period of 6 to 9 months. Nearly 5000
PHQ-9 instruments (4900 instruments in 2969 patients)
were
administered
and
entered
into patients’ EHRs, representing the capability of
DARTNet to collect direct, patient-reported outcomes on a large scale. An average of 1.2 PHQ-9s
were collected per patient (median, 1.0), although the
relatively brief data collection period likely limited the
number of response (follow-up) measurements that
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Table 1. Overview of Demographic and Clinical Characteristics of Depression Episodes

Episodes, n
Subjects, n
Episodes per subject
Mean
Median
Range
Demographic characteristics of episodes
Age at start of episode (years)
Mean
Median
Range
Age group
Adolescent, 13–18 years
Adult, 19–64 years
Older adult, ⱖ65 years
Female sex
Clinical characteristics of episodes
Length of episode (days)
Mean
Median
Primary diagnosis of episode*
296.2x
296.3x
300.4x
311.x
Episode severity†
Unspeciﬁed
Mild
Moderate
Severe without psychosis
Severe with psychosis
Severity missing
Type of episode at start
Index
Recurrent
Episode end type
Full
Partial
Continuation/unknown

EHR

EHR ⫹ Fulﬁllment

EHR ⫹ Fulﬁllment ⫹ PHQ-9

81,028
61,464

46,131
37,416

284
259

1.3
1.0
1–11

1.2
1.0
1–6

1.1
1.0
1–5

57.71
59.00
13–89

63.18
67.00
13–89

52.47
53.00
16–88

1649 (2.04)
44,208 (54.56)
35,171 (43.41)
56,547 (69.79)

472 (1.02)
19,197 (41.61)
26,462 (57.36)
30,818 (66.81)

7 (2.46)
192 (67.61)
85 (29.93)
204 (71.83)

655.53
436.00

701.03
477.00

759.47
626.00

9305 (11.48)
7107 (8.77)
11,319 (13.97)
53,297 (65.78)

5437 (11.79)
5528 (11.98)
6922 (15.01)
28,244 (61.23)

9 (3.17)
7 (2.46)
22 (7.75)
246 (86.62)

7819 (47.64)
2934 (17.88)
3043 (18.54)
539 (3.28)
225 (1.37)
1852 (11.28)

5365 (48.93)
2436 (22.22)
1394 (12.71)
378 (3.45)
200 (1.82)
1192 (10.87)

3 (18.75)
4 (25.00)
5 (31.25)
1 (6.25)
0 (0.00)
3 (18.75)

60,361 (74.49)
20,667 (25.51)

37,222 (80.69)
8909 (19.31)

258 (90.85)
26 (9.15)

70 (0.09)
72 (0.09)
80,886 (99.82)

68 (0.15)
47 (0.10)
46,016 (99.75)

0 (0.00)
0 (0.00)
284 (100.0)

All data provided as n (%) unless otherwise indicated.
*Code from the International Classiﬁcation of Diseases, Ninth Revision (ICD-9).
†
Among ICD-9 codes 296.2 or 296.3; severity levels deﬁned as 0 – 4 (no depression), 5–9 (minimal), 10 –14 (mild), 15–19 (moderate),
and 20 –27 (major).21 Scores from item 9 (suicidality) of the 9-item Patient Health Questionnaire (PHQ-9) were characterized by raw
scores indicating frequency of suicidal thoughts in the past 2 weeks: 0 (none), 1 (several days), 2 (more than half the days), or 3 (nearly
every day).
EHR, electronic health record; PHQ-9, 9-item Patient Health Questionnaire.

could be made for each patient. Overall, the 4900
PHQ-9s collected exhibited a considerable amount of
variation in both severity of illness (32.05% with no
depression, 26.89% with minimal, 19.54% with mild,
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12.04% with moderate, and 9.47% with severe depression) and suicidality (69.43% with a score of 0,
22.58% with a score of 1, 4.97% with a score of 2, and
3.02% with a score of 3 on item 9 of the PHQ-9).
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Table 2. Treatment Utilization Patterns during Antidepressant Exposure for Episodes Receiving an Antidepressant
within 30 Days of Depression Diagnosis

Episodes, n
Episodes receiving an AD within 30 days, n
AD Utilization
AD used to treat episode
SSRI
SNRI
TCA
Buproprion
MAOI
PP
Tetracyclics
Days to ﬁrst AD Rx
Mean
Median
Persistence*
Mean
Median
Adherence†
Mean
Median
Other psychotropic medications prescribed
Anxiolytics
Antipsychotics
Stimulants
Narcotic analgesics

EHR

EHR ⫹ Fulﬁllment

EHR ⫹ Fulﬁllment ⫹ PHQ-9

81,028
17,385 (21.46)

46,131
996 (2.16)

284
23 (8.10)

12,697 (73.03)
2146 (12.34)
393 (2.26)
1581 (9.09)
5 (0.03)
316 (1.82)
247 (1.42)

750 (75.30)
111 (11.14)
29 (2.91)
52 (5.22)
0 (0.00)
16 (1.61)
38 (3.82)

17 (73.91)
4 (17.39)
0 (0.00)
0 (0.00)
0 (0.00)
1 (4.35)
1 (4.35)

1.14
0.00

6.98
2.00

7.61
0.00

37.87
30.00

158.67
91.00

150.04
90.00

1.26
1.00

1.00
1.00

0.95
1.00

290 (29.12)
77 (7.73)
11 (1.10)
40 (4.02)

4 (17.39)
4 (17.39)
0 (0.00)
0 (0.00)

2243 (12.90)
1806 (10.39)
456 (2.62)
311 (1.79)

Data provided as n (%) unless otherwise indicated.
*Persistence: days between ﬁrst and last prescription.
†
Adherence: medication possession ratio.
AD, antidepressant; EHR, electronic health record; MAOI, monoamine oxidase inhibitor; PHQ-9, 9-item Patient Health Questionnaire; PP, phenylpiperazine antidepressant; Rx, prescription; SNRI, serotonin-noradrenergic reuptake inhibitor; SSRI, selective
serotonin reuptake inhibitor; TCA, tricyclic antidepressant.

Patients from the depressed cohort with PHQ-9 data
available (n ⫽ 1019) had similar severity levels but
slightly higher suicidality levels (27.85% with a score
of 1, 5.71% with a score of 2, and 2.73% with a score
of 3 on item 9 of the PHQ-9) than the overall population (n ⫽ 2969) from whom PHQ-9 data were
collected. Importantly, regardless of the existence of a
depression diagnosis or the timing of administration,
25% to 30% of patients had some degree of suicidal
thought at some point in time, according to the
PHQ-9.
Table 4 presents baseline severity of illness and
suicidality information for depression episodes
based on both ICD-9-CM codes and PHQ-9
scores. There were 1440 PHQ-9s collected in the
depression cohort, representing 738 episodes and
670 patients with at least one PHQ-9. One hun-
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dred thirty-ﬁve episodes (18.3%) had a baseline
PHQ-9 available, according to our time window
deﬁnition for a baseline measure. Most baseline
PHQ-9s (73.33%) were administered on the day
of depression diagnosis; 19.26% were administered before diagnosis (mean, 8.9 days before)
and 7.41% during the week after diagnosis. Using ICD-9-CM codes, only 19 episodes (2.5%)
had severity of illness information available; 8
were indicated as mild and 11 were indicated as
moderate. Using PHQ-9 data, 25 episodes
(18.52%) were classiﬁed as having no depression
at baseline, 39 (28.89%) had minimal depression,
31 (22.96%) had mild depression, 23 (17.04%)
had moderate depression, and 17 (12.59%) had
severe depression. In terms of baseline suicidality, none of the 738 episodes in the depression
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Table 3. Nine-Item Patient Health Questionnaire (PHQ-9) Instruments Collected in DARTNet Practices
All DARTNet Patients

Depression Cohort

Depression Cohort ⫹ Fulﬁllment
Data Available

4900
2969

1892
1019

309
259

1.7
1.0
1–32

1.9
1.0
1–32

1.2
1.0
1–5

49.1
49.0
1–89

51.1
51.0
15–89

53.2
54.0
16–89

76 (2.56)
2768 (93.23)
2005 (67.53)

22 (2.16)
997 (97.84)
707 (69.38)

8 (3.09)
251 (96.91)
186 (71.81)

8.9
8.0
0–27

9.1
8.0
0–27

9.2
8.0
0–27

1,448 (32.05)
1,215 (26.89)
883 (19.54)
544 (12.04)
428 (9.47)

544 (30.49)
517 (28.98)
349 (19.56)
202 (11.32)
172 (9.64)

67 (29.13)
63 (27.39)
47 (20.43)
29 (12.61)
24 (10.43)

0.4
0.0
0–3

0.5
0.0
0–3

0.3
0.0
0–3

2,807 (69.43)
913 (22.58)
201 (4.97)
122 (3.02)

1,027 (63.71)
449 (27.85)
92 (5.71)
44 (2.73)

243 (81.00)
32 (10.67)
18 (6.00)
7 (2.33)

PHQ-9s collected, n
Patients with at least one PHQ-9, n
PHQ-9s collected per patient, n
Mean
Median
Range
Age at time of ﬁrst PHQ-9 (years)
Mean
Median
Range
Age group
Adolescent (13–18 years)
Adult (ⱖ19 years)
Female sex
PHQ-9 total score information
Mean
Median
Range
Score ranges
0–4 (no depression)
5–9 (minimal)
10–14 (mild)
15–19 (moderate)
20–7 (severe)
PHQ-9 item 9 (suicidality) information
Score
Mean
Median
Range
Speciﬁc scores
0 (no thoughts in past 2 weeks)
1 (thoughts on several days)
2 (thoughts on more than half the days)
3 (thoughts nearly every day)
Data provided as n (%) unless otherwise indicated.
PHQ-9, 9-item Patient Health Questionnaire.

cohort had any form of suicidality recorded by
ICD-9-CM coding; however, 28 episodes (3.8%)
had some degree of suicidality according to the
PHQ-9 item 9 score (ⱖ1). Correlation analysis
performed on the 2 baseline PHQ-9 measures
(severity of illness and suicidality) revealed a
strong relationship (Spearman  ⫽ 0.54; P ⬍
.001) between these 2 dimensions of depression.
As baseline depression severity increased, so did
the degree of reported suicidality.
Table 5 presents depression response and
“emergent” (diagnosis after depression) suicidal-
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ity information for depression episodes, based on
both ICD-9-CM codes and PHQ-9 scores.
Among the 738 episodes (670 patients) with at
least one PHQ-9, there were 684 episodes
(92.6%) with at least one “response” (follow-up)
PHQ-9 score recorded more than 7 days after the
depression diagnosis date but before the start of
any subsequent episode(s). Most episodes had a
single response PHQ-9 score recorded, although
the mean (1.8) and range (1–28) of response
PHQ-9s collected per episode indicate that
DARTNet practices successfully collected multi-
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Table 4. Baseline Severity of Illness and Suicidality Measurement Using the 9-Item Patient Health Questionnaire
(PHQ-9) and Electronic Health Record Data among Depressed Patients in DARTNet Practices

PHQ-9s collected, n
Episodes with at least one PHQ-9, n
Patients with at least one PHQ-9, n
Baseline severity of illness measurement
Episodes with a baseline PHQ-9,* n
Days between index depression diagnosis and closest PHQ-9, n
Mean
Median
Range
Baseline PHQ-9s collected
Before index diagnosis date (T⫺120 to T⫺1)
On index diagnosis date
After index diagnosis date (T⫹1 to T⫹7)
Baseline severity of illness levels
ICD-9 severity level
Level 1 (mild)
Level 2 (moderate)
Level 3 (severe without psychosis)
Level 4 (severe with psychosis)
PHQ-9 severity level
0–4 (no depression)
5–9 (minimal)
10–14 (mild)
15–19 (moderate)
20–27 (severe)
Baseline suicidality measurement
ICD-9 suicidality
Ideation
Suicide attempt
None
PHQ-9 item 9 (suicidality) score
Mean
Median
Range
Speciﬁc scores
0 (no thoughts in past 2 weeks)
1 (thoughts on several days)
2 (thoughts on more than half the days)
3 (thoughts nearly every day)

Depression Cohort

Depression Cohort ⫹ Fulﬁllment
Data Available

1440
738
670

192
169
149

135

22

⫺8.9
0.0
⫺116 to 6

⫺5.3
0.0
⫺116 to 5

26 (19.26)
99 (73.33)
10 (7.41)

2 (9.09)
16 (72.73)
4 (18.18)

8 (10.96)
11 (15.07)
0 (0.00)
0 (0.00)

—
—
—
—

25 (18.52)
39 (28.89)
31 (22.96)
23 (17.04)
17 (12.59)

0 (0.00)
5 (22.73)
8 (36.36)
3 (13.64)
6 (27.27)

0 (0.00)
0 (0.00)
135 (100.0)

0 (0.00)
0 (0.00)
22 (100.0)

0.4
0.0
0–3

0.6
0.0
0–3

76 (73.08)
20 (19.23)
6 (5.77)
2 (1.92)

14 (63.64)
4 (18.18)
3 (13.64)
1 (4.55)

Data provided as n (%) unless otherwise indicated.
*Baseline PHQ-9 was deﬁned as the closest total PHQ-9 score within 120 days before and 7 days after the index depression diagnosis
date.
ICD-9, International Classiﬁcation of Diseases, Ninth Revision.

ple response PHQ-9s from many patients both
before and during the study period. Most
(81.58%) response PHQ-9s were collected ⬎90
days after the index depression diagnosis date;
15.74% were collected 7 to 60 days after diagno-
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sis, whereas only 2.78% were collected 61 to 90
days after diagnosis.
In terms of measuring depression response, Table 5 also illustrates the rarity with which ICD9-CM resolution codes are used (0.2% of episodes),
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Table 5. Depression Response and Suicidality Measurement Using 9-Item Patient Health Questionnaire (PHQ-9)
and Electronic Health Records (EHR) Data among Depressed Patients in DARTNet Practices

PHQ-9s collected, n
Episodes with at least one PHQ-9, n
Patients with at least one PHQ-9, n
Depression response measurement
Episodes with a response PHQ-9, n
Response PHQ-9s per episode, n
Mean
Median
Range
Days between index depression diagnosis and closest PHQ-9, n
Mean
Median
Range
Response PHQ-9s collected after depression diagnosis (days)
7–60
61–90
⬎90
Depression response measurement
ICD-9 severity level
Level 5 (partial response)
Level 6 (full/complete response)
PHQ-9 severity level (lowest response)
⬍10 (partial response)
⬍5 (full/complete response)
Days between baseline and lowest response PHQ-9
Mean
Median
Range
Change in PHQ-9 scores (baseline to lowest)
Mean
Median
Range
Ranges of change
⫺5 to ⫺1 point
0–5 points
6–10 points
⬎10 points
ⱖ50%
Baseline ⱖ10 and response ⬍10
Emergent suicidality measurement
ICD-9 suicidality
Ideation
Suicide attempt
None
PHQ-9 item 9 (suicidality)
Mean
Median
Range

Depression Cohort

Depression Cohort ⫹
Fulﬁllment Data Available

1,440
738
670

192
169
149

684

149

1.8
1.0
1–28

1.1
1.0
1–4

796.8
545
8–3327

802.5
630
2–2934

107 (15.64)
19 (2.78)
558 (81.58)

17 (11.41)
1 (0.67)
131 (87.92)

1 (0.10%)
1 (0.10%)

0 (0.00%)
0 (0.00%)

464 (67.84%)
272 (39.77%)

96 (64.43%)
53 (35.57%)

71.1
37.0
10–378

42.0
42.0
29–55

5.1
3.0
⫺3 to 19

3.0
3.0
1–5

8 (9.88%)
42 (51.85%)
14 (17.28%)
17 (20.99%)
45 (55.56%)
29 (35.80%)

0 (0.00%)
2 (100.0%)
0 (0.00%)
0 (0.00%)
0 (0.00%)
2 (100.0%)

2 (0.29%)
1 (0.15%)
681 (99.56%)

1 (0.67%)
1 (0.67%)
147 (98.66%)

0.6
0.0
0–3

0.2
0.0
0–3
Continued
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Table 5. Continued

Speciﬁc scores
0 (no thoughts in past 2 weeks)
1 (thoughts on several days)
2 (thoughts on more than half the days)
3 (thoughts nearly every day)
Emergence vs. resolution of suicidality (for episodes with baseline and
response PHQ-9 item 9)
Episodes
Episodes with baseline suicidality ⫽ 0 and emergent suicidality ⬎0
Episodes with baseline suicidality ⬎0 and emergent suicidality ⫽ 0

Depression Cohort

Depression Cohort ⫹
Fulﬁllment Data Available

317 (53.01%)
212 (35.45%)
48 (8.03%)
21 (3.51%)

124 (84.35%)
14 (9.52%)
5 (3.40%)
4 (2.72%)

10 (16.67)
8 (13.33)

0 (0.00)
0 (0.00)

Data provided as n (%) unless otherwise indicated.
ICD-9, International Classiﬁcation of Diseases, Ninth Revision.

even among those episodes for which resolution
codes are available. Using the lowest total PHQ-9
score after diagnosis as an indicator of response,
68% of episodes achieved total PHQ-9 scores ⬍10,
and 40% achieved total scores ⬍5 (2 commonly
used thresholds for treatment success).
Using the change between baseline and lowest
total PHQ-9 score as an alternative method of
measuring response, we applied several speciﬁcations for classifying changes in depression severity
after diagnosis: In terms of raw total score change,
only 9.88% of episodes showed clinical worsening,
51.85% showed an improvement of 0 to 5 points,
17.28% showed an improvement of 6 to 10 points,
and 20.99% showed an improvement of more than
10 points; more than half (55.56%) of episodes
showed at least a 50% reduction from baseline to
lowest PHQ-9 total score, and 35.80% of episodes
had a baseline total score ⱖ10 and a lowest total
score ⬍10.
In terms of “emergent” suicidality (ie, changes in
suicidality between the baseline and response/follow-up periods), Table 5 again illustrates the rarity
with which suicide-related behaviors can be detected via ICD9-CM codes: Only 2 instances of
suicidal ideation and 1 suicide attempt were detected, a rate of approximately 0.44% among the
episodes studied. Using item 9 of the PHQ-9 to
measure “emergent” suicidality, 281 instances of
suicidal ideation were detected, in addition to 317
cases where “no suicidal thoughts” were afﬁrmatively reported (which differs from failure to detect
such thoughts via medical record coding). Finally,
we compared baseline and “emergent” suicidality
scores from item 9 of the PHQ-9 and observed 10
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instances (1.4% of episodes) where suicidality was
denied at baseline but emerged after diagnosis and
8 instances (1.1% of episodes) where suicidality was
reported at baseline but resolved after diagnosis.
These 2 indicators hold promise, as sample sizes
continue to increase, for detecting and determining
the natural course of suicidality among depressed
patients and ultimately how it may be inﬂuenced by
different forms of treatment.

Discussion
This study of patients cared for in geographically
diverse primary care sites across the United States
found that depressed patients exhibited substantial
variation in baseline severity of illness and suicidality. These ﬁndings are consistent with those of
other research in both clinical trial populations20
and epidemiologic surveys.21 Twenty-ﬁve to 30%
of patients in our study expressed some degree of
suicidal ideation according to the PHQ-9, and suicidality was correlated with severity. Practices were
able to implement severity monitoring in a variety
of ways and were prompted through their EHR to
collect the data at clinically useful intervals. Combining severity assessments with data on prescription ﬁll rates provides an opportunity to identify
prescription drug adherence and severity or suicidality changes in relation to treatment changes.
Clinically, our study has several important implications. First, we showed the viability of integrating EHR, prescription fulﬁllment, and PHQ-9
data to provide clinicians with an enriched medical
record, which may enable them to provide higher
quality care for depression. Knowledge of baseline
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severity of illness and suicidality provides a starting
point for evaluating the effectiveness of treatment,
the need to adjust treatment, and ultimately recognizing patients who have treatment-resistant depression. Better decisions at these key points in the
treatment of depression have been shown to improve patient outcomes.4,5 Integration of prescription fulﬁllment data are important because it enables clinicians to differentiate between therapeutic
failure (ie, a drug not working as well as expected)
and poor outcomes that may be due to adherence
issues (ie, not ﬁlling antidepressant prescriptions
regularly or at all) and thus incorporate these factors into their patients’ treatment plans. Many
DARTNet practices continued to use the PHQ-9
and fulﬁllment data after the study has been completed, despite the implementation challenges that
had to be overcome to make the additional data
collection a part of routine care (data on ﬁle). Importantly, the study demonstrates that measurement-based care for depression is both possible and
potentially useful in primary care settings.
This study has a number of limitations. First,
DARTNet practices are not fully representative of
primary care practices in the United States,14 and
the sites participating in this study are only a subset
of the research network, thus limiting the generalizability of the results. Second, these ﬁndings do
not apply to those clinic patients who are not identiﬁed as depressed, a well-described group that may
represent as much as 50% of those in primary care
settings who are depressed.20,22 Third, the PHQ-9
has been validated in primary care settings but is
still an imperfect tool for measuring depression
severity and response, particularly near the lower
end of the score range.9 Fourth, data were available
from all 3 of our measurement sources (EHR,
PHQ-9, and fulﬁllment data) for only a small number of subjects. This limited our ability to validate
and compare the individual measures or determine
the extent to which any one measure may be superior to another. Finally, the data presented are
hypothesis generating in nature. Although a number of trends seemed apparent in the results, these
must be conﬁrmed in larger, subsequent analyses of
the DARTNet population.

Conclusions
This study provides further evidence of the relative
frequency and severity of depression and suicidality

592 JABFM September–October 2012

Vol. 25 No. 5

in primary care settings, and it demonstrates the
capability of DARTNet to use existing EHR data
and supplement it with both prescription fulﬁllment data and PHQ-9 data collected at the point of
care to enhance clinical care for depression and
enable more robust comparative effectiveness research.
The authors thank Elizabeth Staton, MS, for assistance with the
preparation and editing of the manuscript for submission for
publication.
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