
Posting of this PDF is not permitted.  |  For reprints or permissions, contact  
permissions@psychiatrist.com.  |  © 2024 Physicians Postgraduate Press, Inc.

J Clin Psychiatry 85:1, March 2024  |  Psychiatrist.com e1

Original Research

• See supplementary material for this article at Psychiatrist.com.
• Cite and share this article

Scan  
Now

Telehealth Collaborative Care Led by 
Clinical Pharmacists for People With 
Psychosis or Bipolar Disorder:
A Propensity Weighted Comparison With Usual Psychiatric Care

Esti Iturralde, PhD; Lisa Fazzolari, DO; Natalie E. Slama, MPH; Stacey E. Alexeeff, PhD;  
Stacy A. Sterling, MSW, DrPH; Sameer Awsare, MD; Maria T. Koshy, MD; and Macy Shia, PharmD

Abstract
Objective: People with psychosis or 
bipolar disorder (severe and persistent 
mental illness [SPMI]) are at high 
risk for poor psychiatric and chronic 
illness outcomes, which could be 
ameliorated through improved health 
care quality. This study assessed 
whether a telehealth, collaborative 
care program managed by psychiatric 
clinical pharmacists (SPMI Population 
Care) was associated with improved 
health care quality for adults with SPMI 
in a large California health system.

Methods: This retrospective cohort study 
used electronic health record data to 
compare 968 program enrollees at 6 
demonstration sites (Population Care) 
to 8,339 contemporaneous patients 

with SPMI at 6 non-program sites (Usual 
Care). SPMI diagnoses were based on 
ICD-10-CM diagnostic codes. Primary 
outcomes were optimal psychotropic 
medication adherence, guideline-
recommended glycemic screening, 
annual psychiatrist visit, and emergency 
department use. Difference-in-difference 
analyses assessed change in outcomes 
from 12 months pre- to 12 months post-
enrollment using overlap weighting with 
high dimensional propensity scores to 
balance participant characteristics across 
groups. Participant data were collected 
from January 1, 2020, to June 30, 2022.

Results: From pre- to post-enrollment, 
Population Care was associated with 
greater achievement of psychotropic 
medication adherence and glycemic 

screening (+6 and +9 percentage points), 
but unexpectedly with a decrease in 
annual psychiatrist visits (−6 percentage 
points) and no significant change in 
emergency department use, relative to 
Usual Care. More than 75% of Population 
Care participants attended an intake 
and ≥ 1 follow-up visits. Participants with 
psychosis (26% of sample) had similar 
results as those with bipolar disorder.

Conclusions: Clinical pharmacist–led 
telehealth collaborative care has potential 
to improve psychopharmacologic 
treatment adherence and recommended 
disease preventive screening for people 
with psychosis or bipolar disorder.
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Severe and persistent mental illnesses (SPMIs), 
including schizophrenia, schizoaffective 
disorder, and bipolar disorder, often emerge 

early in life and are associated with poor mental and 
physical health outcomes.1–3 Treatment disengagement 
is common.4,5 Low adherence to psychotropic 
medications places individuals at higher risk for 
psychiatric deterioration, self-harm, and inpatient 
hospitalization.6 People with SPMI also face risk 
for early death as a result of preventable chronic 
diseases.7–9 Due to a range of biopsychosocial and 
treatment-related factors (eg, adverse metabolic side 
effects of psychotropic medications),10–12 clinical 
guidelines recommend regular screening for diabetes, 
hypertension, and other prevalent health risks for 

people with SPMI.13 Nevertheless, gaps in guideline-
recommended screening and evidence-based care for 
cardiometabolic disease persist for people with SPMI.14–17

The multidisciplinary, whole-person approach 
required to address the multifaceted health needs of 
people with SPMI can strain psychiatric care systems, 
which face nationwide shortages of psychiatrists and 
other clinicians.18,19 Typical psychiatric care may not 
provide the continuous monitoring and support many 
patients need to maintain adherence to psychotropic 
medications and address physical health risks.20,21 These 
patients may also face discrimination and stigma within 
health care systems,22–24 interfering with preventive care 
that would proactively manage health risks before they 
lead to avoidable emergency care or hospitalization.16
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Collaborative care models use multidisciplinary 
treatment teams, a stepped-care approach, and population 
management tools (eg, patient registries) to monitor 
patients’ progress and coordinate care according to 
individualized needs.25 Although collaborative care and 
other integrated care models have been successfully 
employed to manage patients’ depression, anxiety, 
and other chronic health conditions,26–29 these models 
have been less studied for patients with schizophrenia, 
schizoaffective disorder, or bipolar disorder.30–33 
Clinical pharmacists with advanced clinical training 
and authorization in many states to adjust treatments 
according to established protocols are increasingly 
being deployed as care managers.34–36 Telehealth 
approaches such as telephone or video appointments 
can be used by care managers to increase convenience 
and efficiency for patients and care systems.37,38

In late 2020, Kaiser Permanente Northern California 
(KPNC) implemented a telehealth collaborative care 
program, SPMI Population Care, to serve people with 
schizophrenia, schizoaffective disorder, and bipolar 
disorder.39 Psychiatrically trained advanced practice 
clinical pharmacists manage the patient population and 
coordinate care across the multidisciplinary team, which 
includes patients’ psychiatrists and primary care providers. 
Here, we present the results of a quality improvement 
study evaluating whether SPMI Population Care was 
associated with improved medication adherence and 
health care quality after 12 months, specifically greater 
health screening rates, increased routine primary care and 
psychiatrist visits, and reduced emergency department 
(ED) and inpatient hospital use, compared to usual care.

METHODS

Study Setting and Eligibility
KPNC is a large, integrated health care delivery system 

providing care to more than 4.4 million members who 
are representative of the diverse population of Northern 
California.40 For this quality improvement study, the 
Research Determination Committee for the Kaiser 
Permanente Northern California region determined that 

Clinical Points
• People with psychosis or bipolar disorder may benefit 

from consistent engagement with multidisciplinary 
care teams to improve overall health, but collaborative 
care models have been minimally studied in this 
population.

• A telehealth collaborative care program managed 
by psychiatric clinical pharmacists had strong patient 
participation and, compared to usual care, was 
associated with greater psychotropic medication 
adherence and guideline-concordant preventive care.

the project does not meet the regulatory definition of 
research involving human subjects per 45 CFR 46.102(d).

For purposes of distinguishing between program 
and study participants, we refer to “SPMI Population 
Care” as the collaborative care program being examined 
in this study, to the “Population Care (PC) group” as 
the group of SPMI Population Care patients included 
in study analyses, and to “Usual Care (UC) group” as 
the comparison group of patients included in study 
analyses who received usual care at non-program sites 
(medical facilities where SPMI Population Care was not 
implemented). Both the PC and UC groups had electronic 
health record (EHR)-documented diagnoses of psychotic 
or bipolar disorders associated with health care services 
during the 2 years prior to a 6-month eligibility window 
(January 1, 2021–June 30, 2021) and were health plan 
members for ≥ 9 months during 2020. The PC group 
specifically included patients who were enrolled in the 
SPMI Population Care program at one of 6 demonstration 
sites during the eligibility window. Program enrollment 
required successful contact by a program clinical 
pharmacist but not necessarily attendance of an intake 
appointment. Program-eligible patients who were not 
enrolled during the eligibility window were not included 
in study analyses within the PC group. The UC group 
specifically included patients receiving contemporaneous 
care at 6 non-program sites (Supplementary Figure 1). 
We excluded from study analyses individuals who in 
2020 had outside claims for outpatient mental health 
care or psychotropic medications, lacked medication 
coverage, had hospice care, or were pregnant, and those 
with diagnosed dementia or intellectual disability.

Study Procedures
All duties performed by SPMI Population Care clinical 

pharmacists were part of their program role and not 
conducted as part of research. To enroll patients in the 
SPMI Population Care program, clinical pharmacists 
contacted patients who were included in a patient registry 
of individuals with eligible SPMI diagnoses and who 
were seen for mental health care at one of the 6 program 
sites. The study enrollment (index) date for the PC group 
was the date when clinical pharmacists successfully 
contacted patients, regardless of intake visit attendance 
(Supplementary Figure 2). We assigned a random index 
date within the brief eligibility window to UC participants.

Outreach to patients was non-random: program clinical 
pharmacists were able to prioritize outreach using EHR 
variables such as SPMI diagnosis and last psychiatrist visit. 
We therefore used a comprehensive set of EHR variables in 
analyses to mitigate potential selection bias (see Statistical 
Analyses). Program and study design characteristics helped 
to reduce potential selection bias arising from unmeasured 
variables such as psychiatrist recommendation or patient 
self-advocacy. Specifically, any patients who were referred 
to the program by their psychiatrists but who were not 
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included in the SPMI Population Care registry were not 
included in the study, and program clinical pharmacists, 
none of whom were physically located in the clinics they 
served, initiated patient outreach through telehealth 
modalities using the SPMI Population Care registry.

We adhered to the recommendations 
of the Standards for Quality Improvement 
Reporting Excellence (SQUIRE 2.0).41

SPMI Population Care
Program design and components have been described 

previously.39 Briefly, SPMI Population Care is a team-based 
collaborative care model that is managed by advanced 
practice clinical pharmacists with specialty training 
in psychiatry. In addition to general clinical pharmacy 
training, program clinical pharmacists are board-certified 
or board-eligible in psychiatric pharmacy based on 
a psychiatry-specialty postgraduate year 2 residency 
or equivalent clinical training.39 All care is conducted 
via telehealth, with more than 75% of appointments 
completed through online video visits. Program clinical 
pharmacists work together as a team within a regional hub 
but are individually assigned to local psychiatry clinics, 
allowing them to achieve care continuity with patients.

During SPMI Population Care visits, clinical pharmacists 
assess current needs, such as psychopharmacologic 
treatment adjustment or adherence, suicide risk, 
smoking cessation, or metabolic syndrome screening. 
Working under protocol, pharmacists are then able to 
provide medication counseling, adjust medications, 
order laboratory tests, and coordinate care with 
psychiatric and other medical providers. Psychiatrists 
are apprised of their patients’ progress through EHR 
documentation. Clinical pharmacists follow patients 
indefinitely: participants whose individualized needs 
are stabilized are followed on a maintenance schedule, 
typically with planned follow-up every 6 months to 
conduct routine assessments and care coordination.

Usual Care
SPMI Population Care was a supplement to usual care at 

program sites. Likewise, at non-program sites, participants 
were free to continue receiving standard specialty 
psychiatric care within the KPNC integrated care setting, 
including psychopharmacotherapy with a psychiatrist 
or other prescriber, individual or group psychotherapy, 
case management, and social work services. Laboratory, 
pharmacy, primary care, and other medical services were 
available at the same facilities as mental health care.

Measures
All study variables were collected in the EHR 

as part of routine care. For the PC group only, we 
assessed the proportion of participants who attended 
an intake appointment and the frequency of follow-
up visits with program pharmacists during the 12 

months post-enrollment. We counted the number 
of patients who re-engaged with care, ie, those who 
attended an intake visit after having no psychiatrist 
visit in the 12-month pre-enrollment period.

Outcomes of interest were measured in the 
12-month pre- and post-enrollment periods. The 
primary psychiatric care quality outcomes were optimal 
psychotropic medication adherence and annual 
psychiatrist visit attendance. Optimal psychotropic 
medication adherence was a dichotomous variable 
measured from outpatient pharmacy dispensations, ie, 
medication possession ratio (MPR) ≥ 0.8 for outpatient 
dispensed medications.42,43 Therefore, 12-month MPR 
was defined as the proportion of days a participant had 
medication during that period. We calculated the MPR 
separately per dispensed medication, not counting “take 
as needed” prescriptions, and selected the maximum 
MPR. We used the maximum MPR as opposed to the 
mean to reduce the influence of clinically recommended 
medication changes that could result in non-pickup of 
medications. In preliminary analyses, 81% of maximum 
MPRs during pre-enrollment reflected antipsychotics, 
lithium, or anticonvulsants/mood stabilizers, the major 
medication types used to treat SPMI. Annual psychiatrist 
visit was any versus no visit within 12 months.

The primary preventive care quality outcome was 
receipt of a glycemic test in 12 months (any versus no 
outpatient hemoglobin A1c or fasting plasma glucose 
laboratory result). Although many health screenings 
are recommended for people with SPMI, we highlighted 
glycemic monitoring because of clinical and care 
quality guidelines, recognizing the elevated risk for 
type 2 diabetes faced by this population owing to 
obesogenic medications and other risk factors.13,44,45

A final primary outcome was all-cause ED use 
(any versus none in 12 months), which served as 
a global indicator of preventive health care gaps, 
given high risk for ED use among people with SPMI 
for psychiatric and other health conditions.46,47

Secondary outcomes (all dichotomized as any/none 
in 12 months; see Table 3) were outpatient laboratory 
orders (eg, any lipid test order), outpatient non-glycemic 
laboratory results (eg, lithium/valproic acid level), other 
health screening (eg, body mass index [BMI]), and 
health care use (eg, mental health–related ED visit).

We additionally measured participant characteristics 
including sex, age, race or ethnicity, non-English 
language preference, neighborhood deprivation 
index (NDI),48 insurance type, psychiatric diagnosis, 
outpatient dispensed psychotropic medications, and 
Charlson Comorbidity Index.49 EHR-documented 
cardiovascular disease risk factors were extracted from 
up to 24 months before the index date and included 
most recent smoking status and BMI, diabetes (ICD-10 
E08.x, E09.x, E10.x, E11.x, E13.x), prediabetes (ICD-
10-CM R73.0x), dyslipidemia (ICD-10 E71.30, E75.2, 
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Table 1. 
Pre-Enrollment Characteristics for SPMI Population Care (N = 968)  
and Usual Care (N = 8,339) Participantsa

Unweighted With overlap weighting

Variable
Population 

care
Usual
care

Standardized 
difference

Population 
care

Usual
care

Standardized 
difference

Age, mean ± SD, y 45.5 ± 16.1 45.4 ± 16.4 0.003 45.1 ± 14.1 45.3 ± 4.7 −0.01
Sex

Female 60.6 58.5 0.04 59.0 59.0 0
Male 39.4 41.5 −0.04 41.0 41.0 0

Race and ethnicity
Asian or Pacific Islander, non-Hispanic 10.4 16.8 −0.19 11.5 11.5 0
Black, non-Hispanic 9.2 8.6 0.02 9.2 9.2 0
Hispanic 19.6 15.3 0.12 19.7 19.7 0
White, non-Hispanic 54.4 53.3 0.02 53.2 53.2 0
Multiple, other, or missing 6.3 6.0 0.01 6.4 6.4 0

Non-English language preference 2.6 3.9 0.04 3.0 3.0 0
Neighborhood deprivation index quartiles

1st, least deprived 6.1 27.1 −0.59 7.6 7.6 0
2nd 21.7 25.3 −0.09 23.7 23.7 0
3rd 34.3 23.9 0.23 32.8 32.8 0
4th, most deprived 37.5 23.4 0.31 35.5 35.5 0
Missing 0.4 0.4 0.007 0.4 0.4 0

Insurance type
Medicare 29.2 26.8 0.13 28.9 28.9 0
Medicaid 16.4 12.3 0.03 15.2 15.2 0
Commercial 54.1 60.8 0.06 55.8 55.8 0
Missing 0.2 0.1 −0.14 0.1 0.1 0

Psychiatric diagnosis
Schizophrenia 15.0 10.1 0.15 14.4 14.4 0
Schizoaffective disorder 8.8 6.3 0.09 8.3 8.3 0
Other psychotic disorder 11.2 8.9 0.08 11.2 11.2 0
Bipolar disorder 65.0 74.7 −0.21 66.1 66.1 0

Psychotropic medications
Antipsychotic 73.3 61.4 0.26 71.4 67.0 0.10
Lithium 14.7 16.3 −0.05 15.3 15.3 0
Other mood stabilizer 56.8 56.0 0.02 56.1 55.7 0.008
Antidepressant 56.9 49.2 0.16 55.4 52.8 0.05
Benzodiazepine 25.6 20.6 0.12 22.6 23.3 0.04
≥ 3 psychotropic medication types 40.9 32.7 0.17 38.8 36.6 0.05

Low psychotropic medication adherence 48.5 55.0 −0.13 50.4 50.4 0
Cardiovascular disease risk factors

Diabetes 17.4 13.6 0.10 16.3 17.7 −0.04
Prediabetes 11.2 10.6 0.11 10.8 11.2 −0.02
Dyslipidemia 30.2 27.4 0.06 29.1 30.7 −0.03
Hypertension 29.4 24.4 0.02 27.9 28.7 −0.02
Smoker, current or formerb 45.9 39.4 0.13 44.1 44.1 0
Body mass index, kg/m2

Underweight, <18.5 0.9 1.3 −0.04 1.0 1.0 0
Normal weight, 18.5–24.9 15.8 25.0 −0.24 17.5 17.5 0
Overweight, 25.0–29.9 23.0 26.6 −0.08 23.8 23.8 0
Obese, ≥30.0 53.0 35.2 0.36 49.4 49.4 0
Missing 7.2 11.9 −0.16 8.3 8.3 0

Charlson Comorbidity Index, mean ± SDc 0.9 ± 1.5 0.8 ± 1.5 0.08 0.8 ± 1.2 0.9 ± 0.4 −0.09
Prior-year routine health care use

Psychiatrist visit 81.6 77.0 0.13 80.6 80.6 0
Primary care visit 90.4 87.6 0.09 89.7 89.7 −0.02
Glycemic or lipid laboratory result 65.1 55.2 0.20 62.5 62.5 0
Outpatient blood pressure measurement 60.5 50.9 0.20 57.6 57.6 0

Prior-year high-resource health care use
Emergency department visit 31.2 28.1 0.07 29.2 29.2 0
Inpatient hospitalization 9.1 9.2 −0.004 8.1 8.1 0

aValues shown as percentages unless otherwise specified.
bData missing for 61 (6.3%) and 610 (7.3%).
cData missing for 9 (0.9%) and 121 (1.4%).
Abbreviation: SPMI = severe and persistent mental illness.
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E75.3, E75.5, E75.6, E77.x, E78.x, E88.1, E88.2, 
E88.89), and hypertension (ICD-10 I10.x–I16.x).

Statistical Analyses
We compared the PC and UC groups on the 

outcomes of interest using a difference-in-difference 
(DID) design. DID is a quasi-experimental design 
for observational data that estimates the effect of 
a specific intervention or policy by comparing the 
changes in outcomes before and after the intervention 
between the intervention group and the comparison 
group.50 By combining this method with propensity 
score weighting, we were able to create balance 
between the PC and UC groups on an array of 
covariates and directly estimate the PC effect rather 
than controlling for covariates in the regression 
model. Specifically, we assessed changes in outcomes 
from the 12 months pre-enrollment to the 12 months 
post-enrollment for PC minus pre- to post-enrollment 
changes for UC (the time period × intervention 
group interaction effect), reported as absolute risk 
differences (ARDs). The size and sign of the ARD 
estimate signifies the magnitude and direction of 
change in the outcome in PC accounting for the changes 
among UC. For each outcome, we fit generalized estimating 
equations (GEE) with a binomial distribution and identity 
link, overlap propensity score weights (see below), and an 
unstructured covariance structure to account for multiple 
observations per participant. For participants with missing 
post-enrollment data, we included their pre-enrollment 
data only. The GEE model allows patients to contribute 
whatever observations are available rather than being 
excluded, and this available-case analysis can prevent the 
biases of a complete-case analysis.51,52 Confidence intervals 
(CIs) were based on Huber-White Sandwich estimators.53 
We conducted additional subgroup analyses stratified 
by clinical and sociodemographic subgroups, adding an 
additional subgroup interaction term to the overall model.

Participants were not randomly assigned to the PC 
or UC groups. Patients were not previously known to PC 
clinical pharmacists, but pharmacists may have selectively 
contacted patients based on clinical history. Therefore, 
we addressed non-random treatment assignment 
through propensity score weighting. In a randomized 
design, baseline participant characteristics would be 
distributed evenly across the different treatment arms, 
allowing analyses to isolate the effect of the treatment of 
interest. By using baseline characteristics to calculate the 
propensity score, or the probability of a participant being 
assigned to the treatment group of interest, individuals’ 
data can be weighted to adjust for differences in baseline 
characteristics.54 To account for the potential influence of 
300 covariates, we generated high-dimensional propensity 
scores (HDPS) from EHR data, including specific diagnosis 
codes, generic names of outpatient prescriptions, and 
outpatient health care utilization types (see details in 

Supplementary Table 1).55 The HDPS algorithm is a 
highly efficient, empirical approach to propensity scores 
that addresses a priori and unanticipated confounders.56 
We employed overlap weighting: PC participants were 
weighted by the probability of not receiving treatment (1 
– propensity score), and UC participants were weighted 
by the probability of receiving treatment (propensity 
score).57 An absolute standard difference < 0.1 after 
overlap weighting indicated sufficient balancing of pre-
enrollment characteristics.58 Compared to propensity score 
matching or inverse probability of treatment weighting, 
overlap weighting is more effective at achieving balance 
in baseline covariates (similar to a randomized design) 
due to the reduced influence of extreme weights.59

Analyses were conducted in SAS, version 9.4. Two-sided 
P values of < .05 were considered statistically significant.

RESULTS

Descriptive Statistics and Participant Flow
The study included 9,307 participants (968 PC 

and 8,339 UC) with mean age 45.4 (SD = 16.4) years; 
58.7% were female; 40.6% were Asian, Pacific Islander, 
Black, or Hispanic; 39.8% had Medicare or Medicaid 
insurance (Table 1). Pre-enrollment, most participants 
(73.7%) had bipolar disorder. Psychopharmacologic 
regimens included antipsychotic medications (62.7%), 
mood stabilizers (56.1%), antidepressants (50.0%), 
benzodiazepines (21.2%), and lithium (16.1%). Half of 
participants had low psychotropic medication adherence. 
A substantial proportion had cardiovascular disease risk 
factors (eg, 43.2% with smoking history, 37.0% with 
obesity). Three out of 10 had visited the ED in the prior 

Table 2. 
SPMI Population Care Attendance Among 
866 Participants With Continuous Health Plan 
Enrollment During 12 Months Post-Enrollment

Variable
Psychotic 
disorder

Bipolar 
disorder All

Number (%) of participantsa 304 (35.1) 562 (64.9) 866 (100.0)
Attended intake, n (%) 263 (86.5) 500 (89.0) 763 (88.1)

Attended follow-up, of those with 
intakes, n (%)

218/263 (82.9) 446/500 (89.2) 664/763 (87.0)

Reengaged with care, n (%)b 50/59 (84.8) 99/107 (92.5) 124/166 (87.1)
Follow-up clinical pharmacist visits, 
median [interquartile range]c

4 [2–6] 4 [2–6] 4 [2–6]

0–3 months 1 [0–2] 1 [0–2] 1 [0–2]
3–6 months 1 [0–2] 1 [0–2] 1 [0–2]
6–9 months 1 [0–2] 1 [0–2] 1 [0–2]
9–12 months 1 [0–1] 1 [0–2] 1 [0–1]

aRow percent.
bParticipants who attended an intake visit of those who had no psychiatrist visit in 

the 12 months pre-enrollment.
cAmong participants with any follow-up clinical pharmacist visits, ie, 218 with 

psychotic disorder, 446 with bipolar disorder, and 664 with either.
Abbreviation: SPMI = severe and persistent mental illness.
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year. Overlap weighting achieved good covariate 
balance (absolute standardized differences < 0.1).

Program Attendance
Participants engaged in the program at high 

levels. Most individuals in the PC group attended 
program visits (Table 2): 88% attended the intake 
visit, and of these participants, 87% attended ≥ 1 
follow-up visit. As previously described,39 patients 
who declined an intake visit cited reasons such as 
not wishing to restart psychotropic medication or 
preferring visits with their psychiatrist instead. 
Among the 166 PC participants who did not have 
a psychiatrist visit during pre-enrollment, 87% 

attended a PC visit, re-engaging them in care. Over the 
12-month post-enrollment period, program attendees 
had a median of 4 visits (interquartile range = 2–6). 
Visit rates were consistent over post-enrollment at 
a median of 1 visit per quarter. PC participants with 
psychotic and bipolar disorders had similar visit rates.

Primary Outcomes
Compared to pre-enrollment and relative to UC 

(Table 3, Figure 1), the PC group had significantly 
increased post-enrollment rates of optimal psychotropic 
medication adherence (ARD = 6.4; 95% CI = 2.5 to 10.4). 
PC also had significantly increased post-enrollment 
rates of glycemic screening compared to pre-enrollment 

Table 3. 
Difference in Differences Between Population Care and Usual Care on Primary and Secondary 
Outcomes

Outcomes

Population care Usual care
Weighted difference-in-

differencesa

Pre-
enrollment, 
weighted %a

Post-
enrollment, 
weighted %b Difference

Pre-
enrollment, 
weighted %a

Post-
enrollment, 
weighted %b Difference ARD (95% CI)

P 
value

Primary
Optimal medication adherencec 49.6 65.8 16.2 49.6 60.2 10.6 6.4 (2.5 to 10.4) .001
Glycemic laboratory result, any 60.6 73.9 13.3 59.7 63.7 4.0 9.3 (5.0 to 13.7) < .001
Psychiatrist visit, any 80.6 65.6 −15.0 80.6 71.8 −8.8 −5.8 (−10.0 to −1.5) .007
Emergency department visit, any 29.2 31.3 2.1 29.2 31.1 1.9 0.4 (−3.8 to 4.5) .87
Secondary
Health screening, any

Glycemic laboratory orderd 59.8 70.5 10.7 59.9 58.6 −1.3 12.2 (7.8 to 16.6) < .001
Lipid laboratory orderd,e 50.3 61.8 11.5 50.0 47.0 −3.0 14.6 (9.6 to 19.5) < .001
Lipid laboratory resulte,f 50.8 65.9 15.1 49.8 52.0 2.2 13.0 (8.1 to 17.9) < .001
Blood pressure measurementg 57.6 75.7 18.1 57.6 74.2 16.6 1.6 (−2.6 to 5.8) .46
Body mass index measurement 91.7 76.4 −15.3 91.7 73.9 −17.8 2.4 (−1.1 to 5.8) .18
Electrocardiogram measurementg,h 18.3 25.3 7.0 23.2 23.5 0.3 6.8 (2.0 to 11.5) .005
Lithium or valproic acid blood level, orderd,i 79.5 79.1 −0.4 78.3 66.9 −11.4 11.0 (−0.2 to 22.1) .054
Lithium or valproic acid blood level resultf,i 79.5 79.1 −0.4 78.4 66.9 −11.5 11.0 (−0.1 to 22.2) .052

Health care use, any
Mental health–related emergency department visitj 22.8 22.2 −0.6 22.9 23.1 0.2 −0.7 (−4.6 to 3.2) .72
Inpatient hospitalization 8.1 8.1 0.0 8.1 9.0 0.9 −1.1 (−3.7 to 1.6) .43
Psychiatric hospitalizationj 7.9 7.6 −0.3 7.9 8.7 0.8 −1.2 (−3.8 to 1.4) .35
Primary care visit 89.2 90.8 1.6 89.7 91.3 1.6 −0.1 (−2.8 to 2.6) .94
Disease management program visitk 13.2 16.5 3.3 14.1 16.8 2.7 0.8 (−1.4 to 2.9) .49
Missed psychiatrist visit 40.2 34.0 −6.2 42.4 36.5 −5.9 −0.2 (−4.4 to 4.1) .93
Missed primary care visit 21.0 24.4 3.4 19.9 25.2 5.3 −2.0 (−5.9 to 1.8) .30

aPopulation Care N = 968, Usual Care N = 8,339.
bPopulation Care N = 866, Usual Care N = 7,329 with continuous, post-enrollment health plan coverage.
cMedication possession ratio ≥ 80%.
dOutpatient laboratory orders.
eIncludes low-density lipoprotein, high-density lipoprotein, triglycerides, or total cholesterol.
fOutpatient laboratory results.
gNon-emergency only.
hElectrocardiogram based on procedure code CPT 93000B; includes only participants with dispensed antipsychotic medications (total N = 5,831 [12.2% 

Population Care]; total post-enrollment N = 5,169 [12.3% Population Care]).
iIncludes only participants with dispensed lithium, valproic acid, or valproate medications (total N = 1,584 [9.2% Population Care]; total post-enrollment N = 1,403 

9.1% Population Care]).
jVisits that were coded with International Classification of Diseases (ICD)-10 psychiatric diagnoses (F00-F99) or intentional-self harm (X60–X84, Y10–Y19, Y28).
kIncludes in-person or telehealth outpatient visits with chronic health condition population managers (eg, diabetes, hypertension). 
Abbreviations: ARD = absolute risk difference, CI = confidence interval.
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and relative to UC (ARD = 9.3; 95% CI = 5.0 to 13.7). 
From pre- to post-enrollment, psychiatrist visit rates 
decreased for both groups, with a significantly greater 
decrease for PC (ARD = −5.8; 95% CI = −10.0 to −1.5). 
Compared to UC, there was no significant change 
in ED use from pre- to post-enrollment for PC.

Secondary Outcomes
Other care quality outcomes showed improvement 

from pre- to post-enrollment for the PC group compared 
to UC (Table 3). PC participants had significantly 
increased receipt of lipid tests (ARD = 13.0; 95% 
CI = 8.1 to 17.9) and glycemic and lipid test orders 
(glycemic order ARD = 12.2, 95% CI = 7.8 to 16.6; lipid 
order ARD = 14.6, 95% CI = 9.6 to 19.5). PC also had 
significantly increased electrocardiogram evaluations 
(ARD = 6.8, 95% CI = 2.0 to 11.5, for those with 
relevant medications). Pre- to post-enrollment changes 
in mental health–related ED use, hospitalization, 
primary care visits, and other secondary outcomes 
were not significantly different between PC and UC.

Primary Outcomes 
for SPMI Clinical and 
Sociodemographic Subgroups

In stratified models, participants 
with psychosis showed similar patterns 
of change as those with bipolar disorder 
from pre- to post-enrollment when 
comparing PC to UC on primary 
outcomes (Figure 2). PC versus UC 
comparisons were also similar for 
participants who had attended an 
intake visit and who had not attended 
a psychiatrist visit in the prior year, 
as compared to the overall cohort. 
Except where noted below, findings 
were also similar across females and 
males, different age groups, racial 
and ethnic groups, and NDI quartiles. 
On 2 primary outcomes, older adults 
(age ≥ 65 years) had distinct pre- to 
post-enrollment change for PC versus 
UC as compared to other age groups. 
Specifically, older adults in PC versus 
UC did not have significant change in 
glycemic screening from pre- to post-
enrollment (ARD = −0.9, 95% CI = −10.4 
to 8.7) unlike other age groups, which 
had significantly increased screening in 
PC versus UC; older adults in PC versus 
UC also had significantly increased 
ED visits from pre- to post-enrollment 
(ARD = 14.9, 95% CI = 3.6 to 26.1), 
whereas other age groups did not have 
significant relative change in ED visits.

DISCUSSION

SPMI Population Care combines components of 
collaborative care, telehealth, and advanced practice 
clinical pharmacy to address the multifaceted health 
needs of people with SPMI. In this quality improvement 
study, we found that during a 12-month post-enrollment 
period, SPMI Population Care patients had improved 
psychotropic medication adherence, increased provision 
of recommended health screening, and reduced 
psychiatrist visits, compared to a 12-month pre-
enrollment period and relative to a contemporaneous 
group of patients in usual care. Participants with 
schizophrenia and other psychotic disorders had similar 
improvement rates as those with bipolar disorder.

We expected Population Care to be associated 
with increased annual visiting to psychiatrists since 
increased engagement of patients via telehealth has 
been followed by greater patient use of outpatient care.60 
Instead, we found a decrease in annual psychiatrist 
visits associated with the program. It is possible that 

Figure 1. 
Overlap-Weighted Prevalence of Primary Outcomes,  
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for some patients, the clinical pharmacist served as 
a clinical extender for psychiatrists, reducing the 
need for psychiatrist appointments. Other changes in 
outpatient, inpatient, and ED services did not significantly 
differ between Population Care and Usual Care.

One exception was that older adults in Population Care 
relative to those in Usual Care did significantly increase 
ED use from pre- to post-enrollment. As an age group 
with a high likelihood of physical health comorbidities, it 
is possible that older adults became more aware of urgent 

health needs after receiving care from program clinical 
pharmacists. Although the overall Population Care group 
did not have significant expected relative decreases in 
ED use, it is possible that differences could emerge in the 
future. Program benefits such as greater psychotropic 
medication adherence and health screening could result 
in prevention of psychiatric or other medical crises that 
drive ED use in the longer term. Trends of decreasing 
ED use may emerge several years after an integrated care 
initiative for people with behavioral health conditions.61

B. Any glycemic laboratory resultA. Optimal psychotropic medication adherence

D. Emergency department visitC. Psychiatry visit

P value P value

P value P value

Figure 2. 
Difference in Differences Between Population Care and Usual Care on Primary Outcomes by 
Clinical and Sociodemographic Subgroups

aAbsolute risk difference (ARD) is the difference-in-difference coefficient, ie, the interaction of time period (post- vs pre-enrollment) × intervention group 
(Population Care vs Usual Care).

bInteraction P value is for the time period × intervention group × subgroup interaction term, eg, time period (post- vs pre-enrollment) × intervention group 
(Population Care vs Usual Care) × subgroup (psychotic vs bipolar).
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Population Care patients engaged in the program 
at high levels and maintained regular use over 12 
months. SPMI Population Care was implemented 
during the COVID-19 pandemic when mental health 
visits transitioned dramatically from in-person to 
telehealth modalities.62 Pre-pandemic data suggest 
that most people with SPMI use smartphones and 
that many find telehealth care delivery acceptable.63–66 
The current study contributes to needed data on the 
feasibility and impact of telehealth to treat serious 
mental health conditions in the post-COVID era.67

This study had limitations. Findings may not 
generalize to other settings such as those with high 
numbers of uninsured patients. Due to the observational 
design, it is possible that results were biased by 
unmeasured variables that would have been balanced 
in a randomized design. Participants whose data were 
analyzed in the PC group were enrolled in the SPMI 
Population Care program during a 6-month period; these 
participants may have been systematically different from 
the overall eligible patient population. For example, 
when compared to the UC group (all eligible patients 
at non-program sites), the PC group was more likely 
to have schizophrenia or another psychotic disorder. 
Through overlap weighting with propensity scores, 
we adjusted analyses to account for this and other 
measured differences between PC and UC but could 
not adjust for unmeasured differences. Lastly, the 
adherence measure, by taking the maximum medication 
possession ratio across dispensed medications, may 
have misclassified individuals who adhered much more 
to some psychotropic medications than to others. These 
limitations were mitigated by strengths including the 
large, sociodemographically diverse study population, 
the availability of a similar comparison group who 
were receiving care in distinct facilities during the 
same COVID-era time period, low attrition rates, the 
availability of many clinical variables from the EHR, and 
the use of propensity score weighting that accounted 
for a large range of potentially confounding covariates, 
including EHR variables that clinical pharmacists might 
have used to prioritize their outreach to patients.

In conclusion, this quality improvement study found 
that, over 12 months, a novel telehealth collaborative 
care program managed by clinical pharmacists was 
associated with significantly improved psychotropic 
medication adherence and preventive health screening, 
significantly decreased psychiatrist visiting, and no 
significant change in ED visits compared to usual care 
for patients with SPMI. To help address mental health 
clinician shortages, states have expanded the professional 
scope of clinical pharmacists, enabling them to fulfill key 
roles in medication management and care coordination as 
part of psychiatric care teams. Examination of long-term 
associations of collaborative care with clinical and quality-
of-life outcomes in this vulnerable population is needed.
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SUPPLEMENTARY MATERIALS 

SUPPLEMENTARY FIGURE 1. Participant Flow 

Abbreviations: KPNC, Kaiser Permanente Northern California; SNF, skilled nursing facility. 
Note: psychosis ICD-10-CM diagnosis codes: F06.0, F06.2, F20.*, F23, F25.0, F25.1, F29; 
bipolar ICD-10-CM diagnosis codes: F30.*, F31.* 
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SUPPLEMENTARY FIGURE 2. Study Timeline 
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High Dimensional Propensity Score (HDPS) Methods 
We used the HDPS algorithm as implemented in the Pharmacoepidemiology Toolbox 

SAS macro to identify 300 empirical covariates and selected the top 100 covariates based on 
their association with treatment.1 We generated the HDPS using a logistic regression model that 
included 18 a priori variables (see below) and the top 100 empirically selected variables. 
Candidate predictors for the HDPS algorithm included all ICD-10 diagnosis codes from inpatient 
and outpatient encounters and procedure codes in the 2 years prior to enrollment, all generic 
names of outpatient prescriptions filled at KPNC pharmacies in the 1 year prior to enrollment, 
and all outpatient departments visited in the 1 year prior to enrollment. The HDPS algorithm 
takes p data elements (e.g., diagnosis codes), uses prevalence to choose n candidate empirical 
covariates, and prioritizes the top k covariates based on a selected metric (e.g., Bross formula2 or 
association with treatment).  

SUPPLEMENTARY TABLE 1. A Priori Variables Used in HDPS Model 
Variable Measure Details 
Age at index date < 35, 35-49, 50-64, 65+ years 
Sex Female, not female 
Race/ethnicity Non-Hispanic Black, Hispanic, Asian/Pacific Islander, non-

Hispanic White, other/multiracial/unknown 
Insurance type Medicaid, Medicare, Commercial, Other 
Non–English language preference Yes, no 
Mental health condition  Schizophrenia, Schizoaffective disorder, Bipolar I disorder, 

Bipolar II disorder, and Psychotic disorder 
Most recent mental health visit year Calendar year 
Most recent mental health visit month Numeric calendar month 
Most recent smoking status Current, former, never, missing 
Most recent body mass index (kg/m2) <18.5, 18.5–24.9, 25.0–29.9, ≥ 30.0, missing 
Neighborhood deprivation index based on 

geocoded census data3 
Quartiles of the overall distribution, missing 

Charlson comorbidity score Based on Charlson et al.4 
Emergency department visits, past-year 0, 1, ≥ 2 
Outpatient visits, past-year 0, 1, 2-5, ≥ 6 
Inpatient visits, past-year 0, 1, ≥ 2 
Psychiatrist visit, past-year  Any, none 
Psychotropic medication adherence Optimal (medication possession ratio ≥ 0.8)5,6, suboptimal 
Glycemic or lipid laboratory result, past-year Any, none 
Blood pressure measurement, past-year in-

person or virtual care 
Any, none 
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