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BACKGROUND: A population health approach to depres-
sion screening using patient portals may be a promising
strategy to proactively engage and identify patients with
depression.
OBJECTIVE: To determine whether a population health
approach to depression screening is more effective than
screening during clinic appointments alone for identifying
patients with depression.
DESIGN: A pragmatic clinical trial at an adult outpatient
internal medicine clinic at an urban, academic, tertiary
care center.
PATIENTS: Eligible patients (n = 2713) were adults due
for depression screening with active portal accounts.
Patients with documented depression or bipolar disorder
and those who had been screened in the year prior to the
study were excluded.
INTERVENTION: Patients were randomly assigned to
usual (n = 1372) or population healthcare (n = 1341).
For usual care, patients were screened by medical
assistants during clinic appointments. Population
healthcare patients were sent letters through the portal
inviting them to fill out an online screener regardless of
whether they had a scheduled appointment. The same
screening tool, the Computerized Adaptive Test for
Mental Health (CAT-MH™), was used for clinic- and
portal-based screening.
MAINMEASURES: The primary outcomewas the depres-
sion screening rate.
KEY RESULTS: The depression screening rate in the
population healthcare arm was higher than that in the
usual care arm (43% (n = 578) vs. 33% (n = 459), p <
0.0001). The rate of positive screens was also higher in
the population healthcare arm compared to that in the
usual care (10% (n = 58) vs. 4% (n = 17), p < 0.001).
CONCLUSION: Findings suggest depression screening via
a portal as part of a population health approach can
increase screening and case identification, compared to
usual care.
TRIAL REGISTRATION: ClinicalTrials.gov Identifier:
NCT03832283
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INTRODUCTION

Major depressive disorder (MDD) is prevalent, and case iden-
tification is crucial to initiate treatment. However, depression
goes undetected in about half of symptomatic patients when
systematic screening is not in place.1–4 In the USA, there is
variability in reported screening rates. Rates from electronic
record data (EHR) report less than 5% of patients are screened
during routine primary care appointments5,6; however,
population-based surveys report about 50% of patients are
screened.7

Current strategies for depression screening rely on patients
attending appointments. For example, depression screening
and remission quality measures require symptom measure-
ment to be performed at appointments.8 However, reliance
on appointments for assessing symptomsmay be flawed.Most
importantly, patients with depression are less likely to attend
appointments9–12 and, therefore, may never be screened. Fur-
thermore, the number of clinical tasks addressed during pri-
mary care appointments is high, so it could be challenging to
perform screening with high fidelity.13–15

A population health strategy to conduct depression screen-
ing in patients regardless of whether or not they have sched-
uled appointments could increase screening rates and case
identification. A few studies have used patient portals to
administer pre-visit screening,16–18 but none have evaluated
screening patients as a population health strategy, i.e., without
regard to scheduled appointments. Our study was designed to
determine if a population health approach to depression
screening using a patient portal (in addition to screening
during appointments) increased depression case identification
and treatment engagement compared to screening during
appointments alone.

Prior Presentations: Portions of this work were presented at the
AcademyHealth 2020 Virtual Annual Meeting (July 28, 2020–August 6,
2020) and at the Midwest Society of General Internal Medicine Virtual
Annual Meeting (October 22–23, 2020).
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METHODS

Study Design

The Patient Outcomes Reporting for Timely Assessment of
Life with Depression (PORTAL-Depression) study
(ClinicalTrials.gov NCT03832283) is a 30-month quality im-
provement project which integrated a computerized adaptive
test (CAT) into the EHR to facilitate the administration of
depression assessments. The study consisted of two
components: (1) implementation phase and (2) conducting
two pragmatic trials for depression screening and measure-
ment. Implementation efforts and measurement trial results
were reported separately.19–22 In the screening trial, patients
due for screening were randomized with 1:1 blinded allocation
to screening during routine appointments (usual care, UC) or
to UC plus screening via portal (population health, PH) by a
statistician. Randomization was stratified by primary care
provider (PCP) type (attending vs. resident). A 12-month trial
was planned, but due to the COVID-19 pandemic and tempo-
rary halt of appointments, we ended the trial at 10 months.
Since depression screening is a standard component of routine
care, the University of Chicago Biological Sciences Division,
Institutional Review Board declined to review, and an institu-
tional quality improvement determination was obtained under
common rule (45 CFR part 46). PCPs were allowed to opt out
before randomization. The Extension Consort for a Pragmatic
Trial reporting checklist is found in Appendix 1.23

Setting and Patients

The PORTAL-Depression screening trial was conducted at an
adult internal medicine clinic. At the time of the trial
(May 2019), the practice was staffed by 35 internal medicine
and medicine-pediatrics attending physicians, 97 internal
medicine and 16 internal medicine-pediatric resident
physicians, 5 registered nurses, 6 licensed practical nurses, 9
medical assistants (MA), and 1 medical social worker (SW).
The clinic had an integrated behavioral medicine clinic, mod-
eled after the Primary Care Behavioral Health Model,24 which
included 2 health psychologists and 3.5 psychology trainees.
The clinic had resources to assist in management including
referral and clinical decision support resources.25–29

Prior to the intervention, the clinic had three Epic health
maintenance topics with corresponding best practice
advisories (BPA) to remind the healthcare team to assess
depression symptoms: annual screening for patients with no
history of depression or Patient Health Questionnaire
(PHQ)-9 scores ≥ 10, annual surveillance for patients with
a history of depression or a PHQ-9 ≥ 10, and monthly
monitoring for patients who had a PHQ-9 ≥ 10 until they
reached a score less than 5. Patients with diagnoses of
bipolar, personality disorder, cognitive impairment, or de-
velopmental delay were excluded from the health mainte-
nance topics. Depression screening was performed using
the PHQ-2, which reflexed to the PHQ-9 if PHQ-2 scores

were 3 or higher.28,30 MAs completed screening during visit
triage for about 55% of patients. Three months prior to the
trial (February 2019), the clinic switched from the PHQ-2 to
the adaptive depression assessments in the Computerized
Adaptive Test for Mental Health (CAT-MH™),31 because
we had demonstrated it was more sensitive than the PHQ-2
for our population.30 The machine-learning-based diagnos-
tic test (CAD-MDD) reflexes into a dimensional severity
assessment tool (CAT-DI) in patients that screen positive
for depression.30,32–34

For the trial, eligible patients were adults (≥ 18 years old)
who were attributed to the clinic, defined by having an ap-
pointment within the past 26 months (age 18–64) or 14
months (age ≥ 65). Eligible patients had to have an active
portal account and be due for annual screening (not surveil-
lance or monitoring). Patients whose PCPs had opted out of
the study (n = 3) or were hospital employees (due to institu-
tional policy) were excluded.

Intervention
Population Health (PH) Arm (Appendix Figure 1,
Appendix 1). Patients received email notifications to
log in to their portal account and complete an online
depression screener. Invitations were sent regardless of wheth-
er patients had a scheduled appointment. Invitations were sent
every 4 to 8 weeks until screening was complete or a maxi-
mum of six invitations had been sent. Invitations were sent on
different days and times of the week. Results completed via
the portal were stored in the medical record. Positive results
were automatically sent to the PCP’s electronic inbasket. In
case PCPs missed positive results, a physician (NL) reviewed
cases of patients who had moderate-to-severe portal-based
screening results. If patients did not have an appointment
discussing their mental health in the last 30 days or in the next
30 days, results were forwarded to the clinic social worker,
copying the PCP. The social worker reached out to patients to
assess for safety and provide care linkage. Patients could also
be screened during appointments.

Usual Care (UC) Arm (Appendix Figure 1, Appendix 1). For
UC, the MA would place a clinical order to launch the online
assessment on the desktop computer. The assessment could
read the questions aloud and patients could either take hold of
the mouse or tell the MA their responses. Once screening was
complete, results were saved in the medical record; if results
were positive, PCPs received results as a critical non-
interruptive BPA and an inbasket message. A paper PHQ-2/
9 questionnaire was available for patients who were triaged in
non-private areas.

Outcomes

The primary outcome was the proportion of patients
screened for depression, defined by either a completed
CAD-MDD or responses to both PHQ-2 questions.
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Secondary outcomes included screening results, care pro-
cesses, healthcare utilization, and safety outcomes. The
percentage of positive screens (positive CAD-MDD or
PHQ-2 ≥ 3 (or PHQ-9 ≥ 10, if available)) and patients with
moderate-to-severe depression symptoms (CAT-DI ≥ 50 or
PHQ-9 ≥ 10) were calculated by arm. For the PH arm,
process measures included patient engagement with email
notifications and assessments. For the UC arm, process
measures were the percentage of patients with a visit who
were screened. Healthcare utilization outcomes included
the percentage with primary care visits, referrals to psychi-
atry or psychology services, telephone encounters, portal
messages, emergency department (ER) visits, and
hospitalizations during the study. The safety outcome was
the percentage of patients in the PH arm with moderate-to-
severe symptoms who received follow-up by the PCP team
within 3 business days.

Analysis

An intention-to-treat approach was used. Quantitative
outcomes were summarized using descriptive statistics.
With more than 1300 patients per arm, the study had at least
80% power to detect a difference of 10% in the proportion
of screening between arms. For primary and secondary
analyses, a chi-square test or Fisher’s exact test and logistic
regression were used to compare screening rates and other
binary or categorical outcomes. For continuous outcomes, a
two-sample t test or Wilcoxon rank-sum test and linear
regression were utilized for comparisons. We conducted
subpopulation analyses by age group, sex, race/ethnicity,
and PCP type. A two-sided significance level of 0.05 was
used and unadjusted results are reported. Analyses were
performed in R 4.0.2.

RESULTS

A total of 2713 patients were eligible (PH: n = 1341; UC: n =
1372). The number of patients differed by arm due to a 4-
month delay between randomizing the list of eligible patients
and trial launch, during which time patients became ineligible
(e.g., death, new diagnosis of depression or bipolar, received
screening) (Fig. 1). Six percent (58/1037) of the patients
completed the PHQ (PH: n = 31; UC: n = 27; p = 0.63). Mean
age was 55 (SD = 17), 58% (n = 1571) were female, and 47%
(n = 1274) were African-American (Table 1). There was no
difference in time since the most recent portal login at trial
onset (PH: mean, 43 days (SD = 16); UC: 42 days (SD = 17), p
= 0.29). At baseline, nearly all patients had been screened for
depression at least once previously. There were no statistically
significant differences between arms.

Primary Outcome
Screening Rate. Overall, 38% (n = 1037) of patients were
screened. More patients were screened in PH than in UC (43%
(n = 578) vs. 33% (n = 459), p < 0.0001) (Table 2).

Subpopulation Analyses. Most patient groups were more
likely to be screened in PH than in UC (Table 3). There were
no statistically significant differences between arms for
patients aged 65 and older, African-American patients, Asian
patients, and patients with public insurance.

Secondary Outcomes
Screening Results. Overall, 7% (n = 75/1037) of the screened
population met criteria for depression and 6% (n = 59/1037)
had moderate-to-severe symptoms. The PH arm had a higher
rate of positive screens than the UC arm (10% (n = 58) vs. 4%
(n = 17)) (Table 2).Within the PH arm, 58% (n = 333) of the

Figure 1 PORTAL-Depression screening trial patient flow diagram. aPatients become ineligible before the start of the trial due to a 4-month
delay in study launch. bPatients requested to be removed from the trial and not receive the screening invitation.
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patients were screened in clinic and 42% (n = 245) were
screened via the portal. Patients who filled out the screener
via the portal had a higher rate of positive screens than
those who filled out the screener in clinic (16% (n = 40) vs.
4% (n = 17)).

Process Measures. Among patients in the PH arm (n = 1341),
1245 patients were sent an email invitation via the portal;
some patients did not receive letters because they no longer
met inclusion criteria by the time the invitations were sent.
About 89% (n = 1102) of the patients who were emailed
logged into their portal account and 67% (n = 830) logged
into their account and opened the message. If the message was
opened, 30% (n = 248) of the patients started the assessment,
and then nearly all patients (n = 245) completed the
assessment. Among patients who completed screening via
the portal, 55% (n = 135) responded after the first invitation,
30% (n = 73) responded after the second invitation, and 15%
(n = 37) responded after the third invitation. The patients
completed screening a median of 2 days (IQR, 1–4) after
receiving an invitation. The day and time when invitations
were sent did not affect the response rate. In the UC arm, over
half of the patients (57%, n = 778/1372) had a PCP visit, and
over half of these patients (59%, n = 459) were screened.

Healthcare Utilization and Safety. Nearly one-quarter of
patients in the PH arm (24%, n = 297) scheduled a PCP
visit within 2 weeks of receiving a message, regardless if
they completed the screener. Patients in the PH arm had a
higher rate of telephone encounters (48% (n = 638) vs. 44%
(n = 599), p = 0.04) and referrals to psychiatry/psychology
(4% (n = 58) vs. 3% (n = 35), p = 0.01). There were no
differences in the percentage of portal messages, primary
care visits, ER visits, or hospitalizations between arms
(Table 4).
Among patients who had moderate-to-severe depression

screening results via the portal, 94% (29/31) received fol-
low-up, which included any of the following scenarios: (1)
contact by social worker after a positive result; (2) contact by
PCP within 1 month after positive result; and (3) contact by
psychiatrist within 1 month after positive result. A contact
included any telephone encounters, appointment, outreach
via the portal, or psychiatric medication refills.

Subpopulation Analyses. In the PH arm, there were
differences by race in completion vs. non-completion of
screening via the portal (Appendix Table 2 in Appendix 1).
Asians (OR 0.55 (95% Cl 0.29–0.98)) and African-Americans
(OR 0.64; 95% Cl 0.47–0.85) were less likely to complete the
portal-based screener than whites. There were no significant
differences by age, sex, ethnicity, insurance, and PCP type.
However, when completing the portal-based screener,
moderate-to-severe symptoms were more prevalent among
African-Americans (vs. whites) (OR 2.85 (95% Cl 1.25–
6.97)) (Appendix Table 3 in Appendix 1). Additionally,
moderate-to-severe symptoms were more prevalent among
patients with age 18–24 (OR 13.47; 95% Cl 3.13–65.53) and
35–44 years (OR 3.52; 95% Cl 1.02–13.19), compared to
patients 65 years or older among those who completed the
portal-based screener. Patients with attending (vs. resident)

Table 1 PORTAL-Depression Screening Trial Patient Characteristics at Baseline

Characteristics Overall
(n = 2713)

Population health
(n = 1341)

Usual care
(n = 1372)

p value

Age, mean (SD), y 55 (17) 55 (17) 54 (17) 0.21
Female, n (%) 1571 (58) 790 (59) 781 (57) 0.29
Ethnicity, n (%) 0.44
Hispanic 130 (5) 60 (4) 70 (5)
Not Hispanic 2511 (93) 1241 (93) 1270 (93)
Unknown 72 (3) 40 (3) 32 (2)
Race, n (%) 0.92
Asian 207 (8) 101 (8) 106 (8)
African-American 1274 (47) 640 (48) 634 (46)
White 1098 (40) 532 (40) 566 (41)
Other/unknown 134 (5) 68 (5) 66 (5)
Insurance, n (%) 0.76
Medicaid, Medicare, Medicaid-Medicare, Veterans Affairs, Tricare 842 (31) 404 (30) 438 (32)
Private 1854 (68) 928 (69) 926 (67)
Other/unknown 17 (1) 9 (1) 8 (1)
Primary care provider, n (%) 0.41
Attending 1824 (67) 891 (66) 933 (68)
Resident 889 (33) 450 (34) 439 (32)
Most recent patient portal login (days), mean (SD) 43 (17) 43 (16) 42 (17) 0.29
History of depression screening, n (%) 2687 (99) 1327 (99) 1360 (99) 0.80

Table 2 PORTAL-Depression Screening Results by Study Arm

Population
health
(n = 1341)

Usual
care
(n =
1372)

Screened for depression during trial,
n (%)

578 (43)* 459 (33)*

Negative 520 (90)* 442 (96)*

Positive 58 (10)* 17 (4)*

Moderate to severe symptoms 46 (8) 13 (3)

*p value < 0.001

860 Franco et al.: PORTAL-Depression Study JGIM



PCPs were less likely to have moderate-to-severe symptoms
(OR 0.19 (95% CI 0.08–0.42)) among those who completed
the portal-based screener.

DISCUSSION

Our study showed that a population-level approach to depres-
sion screening using a portal increased screening and identi-

fied more patients with MDD symptoms, compared to screen-
ing patients only at clinic appointments. A portal-based, pop-
ulation health approach increased screening rates overall and
among groups who are typically less engaged in care, includ-
ing younger patients, males, and those who had not attended
an appointment in the last year.
Our population health approach with portal-based depres-

sion screening was an effective strategy to improve screening
rates in primary care. Our results indicate that people with
moderate-to-severe depression may be more willing to engage
with the healthcare system via the portal rather than by attend-
ing clinic visits. Therefore, shifting the time spent on screening
to outside of appointments could save valuable time during
appointments for managing active health issues, as well as
identifying significantly more patients with depression, which
is the key first step to improving depression outcomes.
Allowing for more timely recognition of incident depression
has the potential to accelerate the time to remission.
While findings are promising, the likelihood of their dis-

semination more widely into practice is hampered by key
problems with how the healthcare system is incentivized to
screen andmanage depression. In 2022, quality measures from
health insurers require depression symptoms to bemeasured in

Table 3 Unadjusted Odds Ratio for PORTAL-Depression Screening Completion Versus Usual Clinic-Based Depression Screening Completion
by Patient Characteristics

Patient characteristics Usual care (n = 459/
1372)

Population health (n = 578/
1341)

n (%)* n (%)* OR (95% Cl)†

Age, y
18–24 6/54 (11) 20/55 (36) 4.44 (1.68–

13.43)§

25–34 16/139 (12) 35/150 (23) 2.32 (1.23–4.54)§

35–44 46/187 (25) 76/189 (40) 2.06 (1.32–3.22)‡

45–54 77/265 (29) 105/239 (44) 1.91 (1.32–2.77)‡

55–64 109/283 (39) 143/297 (48) 1.48 (1.06–2.06)‖

65+ 205/444 (46) 199/411 (48) 1.09 (0.84–1.43)
Sex
Female 272/781 (35) 348/790 (44) 1.47 (1.20–1.81)‡

Male 187/591 (32) 230/551 (42) 1.55 (1.21–1.97)‡

Race
Asian 27/106 (25) 38/101 (38) 1.76 (0.97–3.21)
African American 242/634 (38) 276/640 (43) 1.23 (0.98–1.54)
White 174/566 (31) 241/532 (45) 1.86 (1.46–2.39)‡

Other/unknown 16/66 (24) 23/68 (34) 1.59 (0.75–3.44)‡

Insurance
Medicaid, Medicare, Medicaid-Medicare, Veterans Affairs,
Tricare

193/438 (44) 189/404 (47) 1.12 (0.85–1.46)

Private 265/926 (29) 385/928 (41) 1.77 (1.46–2.15)‡

Other/unknown 1/8 (13) 4/9 (44) 4.72 (0.47–
156.53)

Primary care provider type
Resident 119/439 (27) 171/450 (38) 1.65 (1.24–2.19)‡

Attending 340/933 (36) 407/891 (46) 1.47 (1.22–1.77)‡

# of appointments in the prior year
None 86/447 (19) 121/414 (29) 1.73 (1.26–2.38)‡

≥1 373/925 (40) 457/927 (49) 1.44 (1.20–1.73)‡

*Row percentages indicating the number of patients screened in the population health arm over the total number of population healthcare arm patients
that were eligible to undergo screening
†The usual-care arm is the reference group
‡p value < 0.001
§p value < 0.01
‖p value < 0.05

Table 4 PORTAL-Depression Trial Healthcare Utilization During
10-Month Follow-Up by Study Arm

Population health
(n = 1341)
n (%)

Usual care
(n = 1372)
n (%)

Telephone encounter 638 (48)‡ 599 (44)‡

Referrals to psychiatry/
psychology

58 (4)† 35 (3)†

Portal message* 1092 (81) 1110 (81)
Primary care visit 816 (61) 815 (59)
Emergency department visit 162 (12) 180 (13)
Hospitalizations 90 (7) 111 (8)

*Patient portal messages did not include the screening invitations
†p value = 0.01
‡p value < 0.05
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patients during appointments or 14 days before
appointments.35–37 Because of these parameters, healthcare
systems are incentivized to only measure depression
symptoms in patients with scheduled appointments. Potential
improvements to current quality measures would allow PCPs
with established patient panels to receive credit for all negative
screens, and for positive screens that had appropriate follow-
up and care plan documented, regardless of appointments. For
patient-centered care, it would be important that appropriate
follow-up for positive screens could be done using a strategy
appropriate for that patient (e.g., phone calls, video visits,
portal communications).
Another important factor hindering dissemination is the

healthcare system’s limited capacity to address patients with
incident depression, and debate on depression screening’s
utility in improving mental health outcomes.38 In the USA,
there is a mental healthcare shortage.39–42 This shortage is
exacerbated by greater barriers to reimbursement compared
to other specialties.39–42 As a result, PCPs are the de facto
source of mental healthcare, caring for 75% of mental health
problems.43–46 However, several studies have found PCPs do
not feel equipped to manage mental health problems.46–50

Even among our clinic of engaged PCPs,26 some clinicians
reported that responding to positive portal-based results was
burdensome. Promising solutions exist, including the
evidence-based Collaborative Care Model, which provides
care management and consultative psychiatric services to
PCPs.51–53 Patient-centered care leveraging integrated behav-
ioral health models would expand the health system’s capacity
to address patients identified with depression and expand
primary care’s ability to manage mental health problems.
Further, prior problems with low screen detection may have
been related to the screening mode and not the utility of
screening itself. Our study suggests that inviting patients
who have depression symptoms to report their symptoms via
a portal may indeed increase case identification, which is
important to improving depression outcomes.
We found screening rates were improved with the PH

approach compared to UC for most demographic groups.
One important consideration for our findings was that re-
sponse rates to the portal-based screening varied by race.
Interestingly, among African-Americans who had lower re-
sponse rates to the portal-based screening, there were higher
rates of moderate-to-severe depression. Similarly, patients
aged 18–24 years had high rates of moderate-to-severe de-
pression, and this population is often less engaged with the
healthcare system. Overall, these results suggest that patients
with incident depression may be more responsive to popula-
tion health, portal-based screening compared to visit-based
screening. Increasing response rates by additional tailoring or
outreach paired with a population health strategy could be an
important adjunct to usual in-clinic screening.
There were several limitations. This was a single-center

study conducted at an urban academic teaching clinic with a
large African-American population. At baseline, about 60% of

the patients (aged ≥ 18 years old) were enrolled in the portal,
which was significantly more than the 25% reported by
healthcare organizations prior to the COVID-19 pandemic,54

and similar to national 2020 rates.55 Therefore, results may not
be generalizable to settings with low portal engagement.
Strong clinician buy-in and availability of integrated behav-
ioral healthcare services within the clinic made it feasible to
implement the intervention,25,28 which may not be reproduc-
ible in other settings. Further, the switch of the screening tool
shortly before study launch may have a confounding effect on
the UC arm screening rate. Our analysis did not include key
measures for depression care and management (e.g. depres-
sion diagnosis confirmation, other long-term mental health
outcomes), so inferences on these outcomes cannot be made.
Finally, because of our study design, we were not able to
ascertain whether higher screening rates were due to the online
modality of measurement vs. another mode (e.g., telephone).

CONCLUSION

We found a population health approach to depression screen-
ing led to a higher screening rate and 2.5-fold increase in
identification of moderate-to-severe depression compared to
visit-based screening. This evidence suggests incorporating
population health approaches with quality measure
recommendations may improve depression case identification
in primary care. Future directions include testing this strategy
in other primary care settings with high prevalence of
depression.

Supplementary Information The online version contains supple-
mentarymaterial available at https://doi.org/10.1007/s11606-022-
07779-9.
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