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Abstract

Background: The US health care system faces escalating costs, increasing emphasis on patient autonomy, and a regulatory
shift toward patient-centered care and patient-reported outcomes (PROSs). Leveraging PROs to support shared decision-making
has the potential to improve outcomes and reduce health care use for patients with advanced chronic conditions.

Objective: Thisstudy aimsto evaluate the impact of a PRO-based clinical dashboard on the use of costly health services among
patients with advanced cancer and chronic kidney disease (CKD).

Methods: We conducted a quasi-experimental, propensity score-weighted, difference-in-differences analysis using routinely
collected data (June 2020 to January 2022) from a large US academic health system. Dashboard users were compared with
contemporaneous nonexposed patients matched on clinical criteria. The primary outcomes were unplanned all-cause hospital
admissions, potentially avoidable emergency department visits, excess days in acute care within 30 days of discharge, and 7-day
readmissions. Cancer-specific secondary outcomes included acute encounters during outpatient chemotherapy, oncology triage
use, advance directive completion, and hospice use. CKD-specific outcomes were CKD-related acute care use and disease
progression.

Results: In the advanced cancer cohort (dashboard users: n=284; dashboard nonusers. n=917), dashboard use was associated
with significantly fewer chemotherapy-related emergency department or hospital encounters (ratio-in—odds ratios 0.35, 95% Cl
0.16-0.75) and a nonsignificant 1.7—percentage point reduction in unplanned admissions (3=—0.017, 95% CI —-0.107 to 0.072).
Using Firth penalized logistic regression to reduce small sample bias, dashboard use was al so associated with significantly higher
odds of 7-day readmissions (ratio-in—odds ratios 8.58, 95% Cl 2.28-32.32). Among readmissions in the dashboard user group,
most (13/14, 93%) were scheduled by clinicians. Excess days in acute care increased by 4 percentage points (3=0.040, 95% ClI
—0.001 to 0.089). Advance directive completion declined significantly (=—0.009, 95% CI —0.039 to 0.020). In the CKD cohort
(dashboard users: n=365; dashboard nonusers: n=2137), no significant differenceswere observed for any primary or CKD-specific
outcome.

Conclusions: Inroutineoncology practice, aPRO dashboard was associated with fewer acute care encounters during chemotherapy
but more planned early readmissions. The dashboard had no measurable effect on patients with CKD. These disease-specific
mixed results highlight the need to tailor dashboards to the clinical context and embed them within workflows that can act on
real-time PRO information.
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Introduction

By 2031, health care expenditures in the United States are
expected to approach 20% of the gross domestic product,
surpassing other high-income nations with comparable clinical
resources [1]. A significant driver of these costs is the
fee-for-service payment model, which incentivizes the use of
costly health care resources and services, even though they may
not improve patient outcomes or quality of life. The Medicare
Access and Children’'s Health Insurance Program
Reauthorization Act of 2015 marked a pivotal transition from
a volume-oriented to value-based payment model for health
care services[2-4]. Concurrently, the Centersfor Medicare and
Medicaid Services have prioritized development of
patient-centered measures, incorporating patient-reported
outcomes (PROs), such as the Patient-Reported Outcomes
Measurement Information System (PROMIS), into quality
evaluation and pay-for-performance programs [5].

These changes are important because patients and clinicians
increasingly grapplewith rising health care costs while striving
to maintain high-quality care. The burden of hedth care
expenses disproportionately affects patients with chronic,
complex diseases such as advanced cancer and chronic kidney
disease (CKD) [6-9]. These patients often experience distressing
symptoms like fatigue, pain, anxiety, and depression [10-14].
These symptoms frequently go unnoticed during routine visits,
leading to unmanaged symptoms and a greater likelihood of
potentially avoidable health care resource use [15-19]. Financial
strain has aso been linked to increased patient debt and
bankruptcy [20-22].

Given this financial strain, patients may be more willing to
engage in shared decision-making (SDM) with clinicians,
collaboratively weighing the benefits and risks of treatment
optionsto align health care decisionswith their preferencesand
values [23-25]. The growing engagement with digital health
care presents an opportunity for innovative health I'T solutions,
such as PRO-based clinica dashboards that provide
decision-making information in a format that benefits both
patients and clinicians. These dashboards track clinical and
health outcome trends over time, potentially reducing the risk
of unplanned or low-benefit health services use by enabling
early intervention in symptom management and fostering SDM
discussions about bothersome side effects and treatment
alternatives [24,26,27]. Prior studies have suggested that early
symptom management may reduce acute care use and improve
quality of life [17,28,29]. We hypothesized that PRO-based
clinical dashboards could empower patients with complex
diseasesto visualize the rel ationship between interventions and
outcomes, thereby reducing unnecessary spending while
delivering high-value care more effectively [30].

Although PROs and SDM have been shown to be effective in
symptom monitoring for patients with cancer and CKD, their
influence on reducing the use of potentially unnecessary health
services of limited benefit isless understood [17,28,29,31,32].

https://www.jmir.org/2025/1/€70430

Our previous work showed that a PRO-based dashboard
enhanced SDM and reduced patient anxiety [33], yet the specific
role of SDM in reducing health care use remainsunclear. While
some studies suggest that SDM tools may reduce health care
use, a Cochrane review [27,34] found mixed results, with
inconsistent effects on use, outcomes, and costs, and no
consistent reduction in invasive or expensive treatments [35].

In this study, we focus on the potentia for PRO-based
dashboards to influence the use of potentially unnecessary,
expensive, and low-benefit health care services, improving
SDM, enhancing symptom management, and engaging patients
in care optimization. We hypothesize that patients using the
dashboard will show reduced use of these services compared
to amatched cohort not exposed to the dashboard [36].

Methods

Dashboard Design, Content, and I ntegration With
Clinical Workflow

The development and integration of the dashboard, including
its co-design process, visua elements, included assessments,
and the ways physicians used it, have been comprehensively
described elsewhere [33,37]. Briefly, the dashboard was
co-designed with the collective effort of 20 diverse stakeholders,
including patients, clinicians, care partners, investigators, and
health IT professionals. The goal was to support symptom
management and facilitate SDM during health care visits for
patients with advanced cancer or CKD. Integrated into
Northwestern Medicine's electronic health record system, the
dashboard displays PROs along with other clinical data.
Clinicians were encouraged to use the dashboard, updated in
real time, during clinical encounters with patients who met the
study’sinclusion criteria.

Three days before a scheduled visit, patients were prompted to
complete aPRO questionnaire (MultimediaAppendix 1), which
assessed symptomsand supportive care needs. The questionnaire
included PROM IS measuresto assess anxiety, depression, pain,
fatigue, and physical functioning. In addition, patients responded
to five open-ended questions in the “symptoms and goals’
section, which populated the dashboard. These questionsfocused
on (1) top concerns for discussion, (2) the most troubling side
effects, (3) overall goalsfor their cancer or CKD treatment, (4)
personal goalsand values, and (5) potential waysto collaborate
with their care team to achieve these goals. Patient responses
were automatically scored, recorded in the electronic health
record, and generated alerts to their care team if any clinically
significant symptoms or needs were identified. Clinicians then
used thisinformation, along with the patient’s clinical datafrom
the dashboard, to facilitate SDM and improve communication
between patients and care teams.

Study Design and L ocation

We conducted a propensity score-weighted,
difference-in-differences (DiD) analysis [38] to determine the
association between dashboard use and high-cost health services
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use. The study protocol has previously been published [37].
This manuscript adheres to the STROBE (Strengthening the
Reporting of Observationa Studiesin Epidemiology) guidelines
for cohort studies.

Ethical Consider ations

All study activities were reviewed and approved by the
Northwestern University Institutional Review Board (protocols
STU00210091, STU00211654, and STU00212634). Hedth
services use data were extracted from the Northwestern
Medicine Enterprise Data Warehouse by trained Northwestern
Medicine data analysts and entered into the study’s REDCap
database by the study coordinator (AC), as approved by the
ethics committee. All study procedures were considered low
risk by the Northwestern University Institutional Review Board,
and the ethics review concluded that the benefits outweighed
any minimal risks. Participants provided informed consent to
complete a follow-up survey at 3 and 6 months. Participants
did not receive any incentives for enrollment or survey
completion.

All data were aggregated by an Enterprise Data Warehouse
(EDW) anayst prior to analysis, and no protected health
information (PHI) was visible to the research team. Limited
variadbles—such as medica record number (MRN),
race/ethnicity, and age—were retained solely to enable
patient-level linkage and inclusion as covariatesin multivariable
analyses. All data were stored on secure, access-controlled
institutional servers, and no identifiers were shared outside the
research environment. All study procedures adhered to
institutional privacy and confidentiality standards and complied
with the Health Insurance Portability and Accountability Act
(HIPAA) regulations.

Participants and Eligibility Criteria

The intervention group consisted of Northwestern Medicine
patients in Chicago, Illinois, diagnosed with advanced cancer
or CKD between June 2020 and January 2022 who had
previously received carefrom at least one clinician participating
in the study (Multimedia Appendix 2). These clinicians at
Northwestern Memorial Health Care included 2 oncologists, a
nephrologist, a nephrology physician assistant, and 2 primary
care physicians. Patients also consented to follow-up surveys
at 3- and 6-month intervals. Patients with advanced cancer were
defined as having either stage IV gastrointestinal cancer
receiving intravenous chemotherapy for at least 3 months or
stage Il or IV lung cancer undergoing first- or second-line
chemotherapy for at least 3 months. Patientswith CKD required
aconfirmed diagnosis of at least stage |11 CKD or an estimated
glomerular filtration rate (eGFR) below 60. For theintervention
group, the baseline date was defined individually asthe date on
which each participant completed the initial dashboard
guestionnaire from June 8, 2020, to November 1, 2022. For the
comparison group, we identified patients with advanced cancer
and CKD not exposed to the dashboard. The inclusion criteria
were patients who received care from Northwestern Medicine
clinicians who participated in the dashboard study but chose
not to enroll in it or patients who received care during the same
time period from Northwestern Medicine clinicians who were
not involved in the dashboard study.
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For patientswith advanced cancer in the comparison group, the
baseline date was determined as the visit closest to the
intervention patient’s baseline date (within 30 days) during the
established time framefor the dashboard baseline (June 8, 2020,
to November 1, 2022). For CKD comparison patients, the
baseline was similarly defined as the first instance where their
eGFR dropped bel ow 60, adjusted to align with theintervention
patients' baseline date within the same time frame. To account
for variability in eGFR, the mean baseline eGFR for each patient
was cal culated using eGFR values within 30 days of the basgline
date for both groups. Patients with a mean eGFR above 60,
indicating CKD stage Il or lower, were excluded to ensure
comparability in disease severity. Becausethiswas apragmatic,
real-world evaluation, no power calculation was performed a
priori. Instead, we included every patient who met the above
eligibility criteriaduring the June 2020 to January 2022 accrual
window.

Outcome Variables

Dataon the use of potentially avoidable, high-cost, or low-value
health services and select metrics of appropriate care were
extracted from the clinical records for the period spanning 6
months before and 6 months after each patient’s baseline date.
Specific indicators included unplanned all-cause hospital
admissions, potentially avoidable all-cause emergency
department use, all-cause excess days in acute care (EDAC)
within 30 days following hospital discharge, and 7-day
readmissions. Among patients with advanced cancer, the
following disease-specific indicators were al so assessed: hospital
admissions and emergency department visits for patients
receiving outpatient chemotherapy, use of a triage clinic,
completion of an advance directive, and any hospice use. Among
patients with CKD, we also assessed the following additional
indicators. CKD-related emergency department or hospital
inpatient use and progression from CKD stage |11 to stage |V,
stage IV to stage V, or stage |11 to stage V.

Statistical Analyses

DiD Framework

We used a DiD approach to assess changes in the use of
high-cost health services and select metrics of appropriate care
between patients in the dashboard groups and those in the
comparison groups. All analyses were run separately for each
disease cohort (advanced cancer and CKD) to account for their
distinct clinical trajectories and use patterns. Health services
use in the 6 months before the dashboard intervention were
compared with use during the 6 months after the intervention,
with the following eguation:

y =B+ By - Time + [, - Treated + B - (Time x
Treated) + 3, - Covariates + €

Aninteraction term for intervention group (“treated”) and time
period (“time”) was included to test whether changes from the
preintervention to postintervention periods differed between
the dashboard and comparison groups. A statistically significant
effect for the time period x intervention group interaction term
(B3) would suggest that the dashboard intervention is associated
with differential health services use. The DiD models were
estimated with Huber-White cluster-robust SEs that correct for
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heteroskedasticity, account for paired observations within
patients, and cluster at the health care provider level to absorb
unmeasured health care provider—evel confounding [39].

Propensity Scores and | nverse-Propensity Weighting

A valid DiD estimate rests on the parallel trends
assumption—that in the absence of the intervention, average
outcomes in the dashboard and comparison groups would have
evolved similarly over time. Because our dataset included a
single preintervention measurement for each outcome, we could
not empirically test for parallel preperiod slopes. Instead, we
increased the plausibility of a conditional parallel trends
assumption by ensuring that the two groups were closely
matched on observed baseline characteristics. Specificaly, we
estimated propensity scores [40,41] using alogistic regression
model that included race, ethnicity, age, sex, insurance category,
Charlson Comorbidity Index, baseline encounter date, median
household income, and baseline health services use (number of
observation admissions, number of outpatient encounters, and
number of immediate urgent care encounters). Median
household income, used as a proxy for socioeconomic status,
was obtained from 5-digit residential zip codes in the Social
Determinants of Health Database from the Agency for
Healthcare Research and Quality [42]. Cancer type was added
as a covariate to the advanced cancer propensity score model,
and CKD stage was included in the CKD propensity score
model. Dashboard patients received a weight equal to
1/(propensity score), whereas comparison patients were
weighted as 1/(1 — propensity score). Weights greater than 10
weretruncated to reduce theinfluence of outliers. The weighted
analysis, therefore, estimated the average treatment effect on
the treated (ATT).

Primary Model: Weighted Linear Probability DiD

We chose a linear probability model for ease of interpretation.
The resulting 3 coefficients reflect absolute percentage point
changes (eg, f=—0.05 implies a 5—percentage point reduction
in risk for the dashboard group relative to the comparison
group). Cancer type (advanced cancer cohort) or CKD stage
(CKD cohort) was included as a fixed effect. Hospice use and
CKD progression were observed only after the intervention;
these outcomes were analyzed with single period—weighted
linear probability models that omitted the period variable.
Unadjusted models are reported in Multimedia Appendices 3
and 4.

Robustness for L ow-Prevalence Outcomes

Some outcomes (eg, 7-day admission) have prevalences less
than 20%. We, therefore, reestimated each model with the same
inverse propensity weights using a logistic DiD model; the
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exponentiated interaction coefficient is reported as the ATT
ratio-in—odds ratios (ROR). Linear ATT and logit ATT RORs
are presented in the Results section, and the two specifications
produce directionally and statistically consistent results. For
very low sample prevalence (<10%), we additionally applied
the Firth penalized likelihood method to mitigate small sample
bias (Multimedia Appendix 5) [43]. For readers interested in
population-level effects, a set of inverse propensity—weighted
linear probability models estimating the average treatment effect
in the entire study population is also provided in Multimedia
Appendices 6 and 7.

Softwar e and Packages

All statistical analyses were conducted in R (version 4.2.1; R
Foundation for Statistical Computing) using sandwich 3.0.2
(robust variance) and Weightlt 1.4.0 (inverse propensity score
weighting).

Hypothesis

We hypothesized that patients in the dashboard group would
have fewer unplanned al-cause hospita admissions, fewer
EDACSs, and lower 7-day readmission rates than patientsin the
comparison cohort. For the cancer dashboard group, we
anticipated higher rates of oncology triage clinic visits, advance
directive completion, and hospice use, with areduced likelihood
of chemotherapy within the last 14 days of life. For the CKD
dashboard group, we expected a decrease in emergency-start
dialysis, CKD-related emergency department or inpatient use,
and slower progression of CKD stages.

Results

Study Population

Of the 748 patients enrolled in the dashboard study, 284 patients
with advanced cancer and 365 patients with CKD completed
the basdline questionnaires and composed the dashboard cohorts
(Figure 1). The comparison cohorts consisted of 917 patients
with advanced cancer and 2137 patients with CKD who met
the eligibility criteria but were not exposed to the dashboard.
Before weighting, several baseline characteristics differed
statistically between the dashboard and comparison groups
(Tables 1 and 2). For example, the patientswith advanced cancer
in the dashboard group had more comorbidities (mean Charlson
Comorbidity Index 8.62, SD 3.22, vs 6.93, SD 3.34) and were
more often treated for lung cancer (191/284, 67.3% vs 176/917,
19.2%). Among patients with CKD, there were significant
differences between the dashboard and comparison groups in
CKD stage (P=0.005) and in the number of inpatient (P<0.001)
and outpatient encounters (P<0.001).
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Figure 1. Study flowchart of dashboard and comparison group selection. CKD: chronic kidney disease.
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patients met eligibility criteria eligibility criteria

Propensity score-weighted
to make baseline
characteristics similar

284 cancer patients and 917 cancer patients and
365 CKD patients 2137 CKD patients
https://www.jmir.org/2025/1/€70430 JMed Internet Res 2025 | vol. 27 | €70430 | p. 5

(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Amagai et a

Table 1. Cancer cohort: comparisons of demographic characteristics, previous health care use, and comorbidities between dashboard and comparison

groups.
Unweighted Weighted®
Dashboard Comparison
(n=284) (n=917) SMDP€ P value Dashboard Comparison ~ SMD® P value
Race, n (%) 0.130 .05 0.067 .79
White 189 (66.5) 628 (68.5) 68.8 68.2
Black 46 (16.2) 109 (11.9) 135 12.6
Declined to answer 17 (6.0) 61 (6.7) 6.9 6.5
Other 32(11.3) 119 (13.0) 10.7 12.7
Ethnicity, n (%) 0186  .002 0.090 .50
Non-Hispanic 253 (89.1) 774 (84.4) 82.2 85.3
Declined to answer 23(8.1) 82(8.9) 10.2 9.0
Hispanic 8(2.8) 61 (6.7) 7.6 5.7
Charlson Comorbidity Index, mean  8.62(3.22)  6.93(3.34) 052 <.001 759(3.23)  7.40(354) 0057 .38
(SD)
Age (years), mean (SD) 63.12(12.84) 62.04(12.66) 0.085 .08 63.37 (12.49) 62.48(12.38) 0.072 .25
Insurance, n (%) 0.194 .002 0111 .34
Commercial 135 (47.5) 480 (52.3) 515 515
Medicaid 15(5.3) 74(8.1) 51 71
Medicare 134 (47.2) 360 (39.3) 434 412
Uninsured 0(0.0) 3(0.3) 0.0 0.2
Male, n (%) 130 (45.8) 476 (51.9) 0123 .01 481 50.4 0.046 .49
Lung cancer, n (%) 191 (67.3) 176 (19.2) 1.109 <.001 32.9 314 0.032 .58
Emergency encounters (n), mean 1.15(1.72) 0.83(1.48) 0.203 <.001 1.15(1.68) 0.92 (1.54) 0.146 .03
(s)¢
Observation hospital admissions (n), 0.20 (0.55) 0.18 (0.54) 0.038 42 0.27(0.72) 0.19 (0.55) 0134 .10
mean (SD)d
Inpatient encounters (n), mean (SD)¢ 078 (126)  059(1.04) 0167 <001 071(122)  062(108) 0074 .27
Immediate urgent care encounters(n), 0.54 (1.12) 0.37 (0.98) 0.153 .001 0.53 (1.15) 0.43 (1.07) 0.094 .17
mean (SD)d
Outpatient encounters (n), mean 25.44(1869) 14.98(1541) 0611  <.001 2042 (14.64) 17.72(17.32) 0.168 .002
(sp)¢
Median household income (US $), 85,720 86,292 0.179 71 85,285 85,873 0.018 .79
mean (SD) (32,862) (31,095) (32,921) (30,875)

#The sum of weights for the dashboard group was 1135. The sum of weights for the comparison group was 1212.45. Previous health care use indicates
health care services used during the 12 months prior to the baseline assessment.

bSMD: standardized mean difference.

CSMD quantifies the difference in a covariate’s mean values between groups, scaled by the pooled SD. While SMD values closer to 0 suggest better
balance, values over 0.1 may indicate potential differences. In this study, most covariates demonstrated good balance after weighting, although a small
number retained statistical significance at P<.05. To mitigate potential residual differences, the difference-in-differences outcome model included unit
and time fixed effects and controlled for all baseline covariates regardiess of their P values.

9Encounters that occurred 12 months prior to baseline were included.
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Table 2. Chronic kidney disease (CKD) cohort: comparisons of demographic characteristics, previous health care use, and comorbidities between the
dashboard and comparison groups.

Unweighted Weighted®
Dashboard ~ Comparison
(n=365) (n=2137) SMD* P vaue Dashboard ~ Comparison SMD® P vaue
Race, n (%) 0.092 .19 0.050 .75
White 183(50.1) 1036 (48.5) 46.6 486
Black 120(329) 674(315) 338 318
Declined to answer 15(4.2) 125 (5.8) 6.0 5.6
Other 47 (12.9) 302 (14.1) 13.6 13.9
Ethnicity, n (%) 0101 .05 0.024 .87
Non-Hispanic 312 (85.5) 1753 (82.0) 81.6 825
Declined to answer 19(5.2) 121 (5.7) 6.0 5.6
Hispanic 34(9.3) 263 (12.3) 124 11.9
Charlson Comorbidity Index, mean (SD) 8.38(3.79) 7.73(3.69) 0.173 <.001 7.85(3.65) 7.82(3.81) 0008 .85
Age (years), mean (SD) 64.31 63.46 0.056 .18 64.08 63.54 0.036 .40
(14.10) (15.97) (14.42) (15.90)
Insurance, n (%) 0.058 .72 0.055 .55
Commercial 131(35.9)  744(34.8) 34.2 35.0
Medicaid 33(9.0) 192 (9.0) 9.6 9.0
Medicare 201(55.1) 1198 (56.1) 56.2 56.0
Uninsured 0(0.0) 3(0.1) 0.1 0.0
Male, n (%) 209(57.3) 1066 (49.9) 0.148 <.001 51.7 50.9 0017 .70
Emergency encounters (), mean (SD)¢  1.58(223)  1.37(260) 0086 .04 162(248) 140(263) 0087 .15
Observationa encounters(n), mean (SD)¢ 0-38(0.71)  029(0.70) 0126 .002 032(066) 031(0.71) 0.025 .55
Inpatient encounters (n), mean (SD)° 105(151) 0.72(1.35) 0229 <.001 0.80(1.25) 0.77(141) 0021 .62
Immediate urgent care encounters (n), 0.73(1.63) 0.64(2.03) 0.046 .28 0.69(1.60) 0.66(2.07) 0.019 .51
mean (SD)d
Outpatient hospital admissions (n), mean 20.69 15.78 0.331 <.001 17.10 16.73 0025 .51
(sD)¢ (15.39) (14.31) (13.08) (16.44)
Median household income (US $), mean 77,925 77,432 0.016 .69 77,401.71 77,505.09 0034 .94
(SD) (30,283) (31,131) (30,239) (31,146)
CKD stage, n (%) 0129 .005 0.037 .68
Stage 11 54.8 61.1 58.3 60.1
Stage 1V 30.1 26.2 277 26.7
Stage V 151 127 14.0 13.2

8The sum of weights for the dashboard group was 2504.1. The sum of weights for the comparison group was 2504.85. Previous health care useindicates
health care services used during the 12 months prior to the baseline assessment.

bSMD: standardized mean difference.

®SMD quantifies the difference in a covariate’s mean values between groups, scaled by the pooled SD. While SMD values closer to O suggest better
balance, values over 0.1 may indicate potential differences. In this study, P values were also assessed, demonstrating minimal statistical differences
between groups, even for covariates with SMD values close to 0.1. To mitigate potential residual differences, the difference-in-differences outcome
model included unit and time fixed effects and controlled for all baseline covariates regardless of their P values.

9Encounters that occurred 12 months prior to baseline were included.

After applying inverse propensity weighting, the standardized the covariates were included as fixed effects in the weighted
mean difference was less than 0.10 for every variable except DiD models to further control for potential confounding and
outpatient encounter volumein the cancer cohort. Accordingly, improve comparability (Tables 1 and 2) [38,44].
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Association Between Dashboard Use and High-Cost
Services Use

Advanced Cancer Cohort

Inweighted DiD models, dashboard exposure was not associ ated
with changes in unplanned all-cause admission rates (ATT:
=-0.017, 95% CI -0.107 to 0.072; ROR 0.89, 95% CI
0.46-1.72; Table 3). In contrast, dashboard exposure was
associated with a4—percentage point increasein EDACsrelative

Amagai et a

to the comparison group (ATT: =0.040, 95% CI —0.001 to
0.089), although the corresponding odds ratio was not significant
(ROR 5.84, 95% CI 0.89-38.42). Dashboard users also
experienced a 3.7—percentage point risein the 7-day readmission
rate (ATT: 3=0.037, 95% CI 0.008-0.066), with a significant
increasein odds (Firth-adjusted ROR 8.58, 95% Cl 2.28-32.32).
Chart review confirmed that 93% of these early readmissions
were scheduled by clinicians, suggesting intentional proactive
care rather than unplanned deterioration.

Table 3. Cancer: propensity score-weighted difference-in-differences results®

Dashboard group (n=284), n

Comparison group (n=917), n

Health services type (%) (%) Linear ATT®, b (95% CI)  Logit ATT, RORC (95% Cl)
Before After Before After

Unplanned all-causehos- 57 (20.1) 63 (22.1) 157 (17.1) 244 (26.7) -0.017 (-0.107t0 0.072)  0.892 (0.463 to 1.720)

pital admissions

EDACY within 30 days 116 (40.8) 129 (45.4) 143 (15.6) 219 (23.9) 0.040 (—0.001 to 0.089) 5.838 (0.887 to 38.424)

of hospital discharge

7-day hospital readmis- 4 (1.4) 14 (4.9) 4(0.4) 5(0.5) 0.037 (0.008 to 0.066) 9.544 (1.339 t0 60.192)

sions

Hospital admissionsand 30 (10.6) 54 (19.0) 43 (4.7) 161 (17.6) -0.014 (-0.102t0 0.074)  0.351 (0.163 t0 0.753)

EDCvisitsfor patientsre-

ceiving outpatient

chemotherapy

Oncology triageclinic  40(14.1) 56 (19.7) 32(34) 80(8.7) 0.047 (-0.031 t0 0.125) 0.674 (0.322t0 1.412)

use

Completion of an ad- 5(1.7) 5(1.7) 11(1.2) 33(3.6) —0.009 (-0.039t0 0.020)  0.245 (0.048 to 1.247)

vanced directive

Hospice use _9 11/27 (40.7) — 32/65 (49.2) 0.203 (—0.049 to 0.454) 2.837 (0.755 t0 10.662)

Al coefficients are the ATT (b) obtained with inverse propensity-weighted difference-in-differences modes. Linear ATT is the treatment-effect
coefficient from the weighted linear probability DiD; logit ATT ROR is the corresponding ratio-in—odds ratios from a weighted logistic regression fit
to the identical analytic sample. Both models adjust for all baseline covariates included in the propensity score specification to minimize residual
confounding: race, ethnicity, age, sex, insurance category, Charlson Comorbidity Index, cancer type, baseline use encounter date, median household
income (zip code level), and baseline use counts (emergency, observation, inpatient, immediate/urgent care, and outpatient encounters). Time and time

x treated interaction terms were excluded from the regression analyses.
BATT: average treatment effect on the treated.

°ROR: ratio-in—-odds ratios.

4EDAC: excess daysin acute care.

®ED: emergency department.

fFor hospice use, the denominator is restricted to patients who died during the study period who received care from a participating study physician.

INot applicable.

Notably, the pattern reversed among patients receiving
outpatient chemotherapy. The dashboard intervention was
associated with asignificant 65% reduction in the odds of acute
care use (hospital admission or emergency department visit) in
this subgroup (ROR 0.35, 95% CI 0.16-0.75), athough the
linear DID estimate did not reach statistical significance.
Conversely, completion of advance directives declined among
dashboard users (Firth-adjusted ROR 0.25, 95% CI 0.10-0.67).

https://www.jmir.org/2025/1/€70430

No satistically significant associations were observed for
oncology triage visits or hospice use.

CKD Cohort

Inthe CKD cohort, dashboard exposure was not associated with
any of the prespecified outcomes, including unplanned
admissions, EDACs, 7-day readmissions, CKD-related acute
use, or CKD progression, under either the linear ATT 3 or
Firth-adjusted logit ATT ROR specification (Table 4).
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Table 4. Chronic kidney disease (CKD): propensity score-weighted difference-in-differences results?

Dashboard group (n=365), n Logit ATT, ROR® (95%

Health servicestype (%) Comparison group (n=2137), n (%) Linear ATT® b (95%Cl) CI)

Before After Before After
Unplanned all-cause 112 (30.7) 94 (25.8) 412 (19.3) 385 (18.0) —-0.010 (-0.073t0 0.053)  0.879 (0.565 to 1.368)
hospital admissions
EDACY within 30 20 (5.4) 22 (6.0) 32(15) 23(11) 0.001 (—0.035 to 0.036) 1.300 (0.491 to 3.442)
days of hospital dis-
charge
7-day hospital read- 7 (1.9) 9(2.4) 12 (0.6) 10(0.5) 0.006 (—0.016 to 0.028) 1.591 (0.364 to 6.950)
missions
CKD-rdated ED%or  128(35.1) 112 (30.7) 483 (22.6) 523 (24.5) —-0.050 (-0.118t0 0.018)  0.752 (0.502 to 1.126)
inpatient use
Progression from _f 31(8.4) — 334 (15.6) —0.002 (-0.034t0 0.029)  1.073 (0.695 to 1.655)

CKD stagelll to 1V,
stagelV toV, and
stage |11 to stage V

3All coefficients are the ATT obtained with inverse propensity weighted difference-in-differences modes. Linear ATT (b) is the treatment effect
coefficient from the weighted linear probability difference in differences; logit ATT ROR is the corresponding ratio-in—odds ratios from a weighted
logistic regression fit to the identical analytic sample. Both models adjust for all baseline covariates included in the propensity score specification to
minimizeresidual confounding: race, ethnicity, age, sex, insurance category, Charlson Comorbidity Index, CKD stage, baseline encounter date, median
household income (zip code level), and baseline use counts (emergency, observation, inpatient, immediate/urgent care, and outpatient encounters). Time

and time x treated interaction terms were excluded from the regression analyses.

BATT: average treatment effect on the treated.
°ROR: ratio-in—odds ratios.

9EDAC: excess daysin acute care.

®ED: emergency department.

Not applicable.

Discussion

Principal Findings

Using a propensity score-weighted DiD design, we found that
the co-designed PRO dashboard had di sease-specific and mixed
effects on use of high-cost services. For patients with advanced
cancer, dashboard use was associated with fewer acute
encounters during outpatient chemotherapy (a 65% reduction
in odds), yet dashboard use also coincided with increased
planned 7-day readmissions and a modest rise in excess days
in acute care. No other use outcomes changed, and no effects
were detected in the CKD cohort.

Comparison With Prior Work

Previous randomized symptom monitoring trials in oncology
have reported 30% to 50% reductionsin emergency department
visits and hospitalizations when PRO aerts triggered nurse
triage or oncologist feedback [45,46]. Our observed 65%
reduction in odds of acute care encounters related to outpatient
chemotherapy aligns with these findings, suggesting that
PRO-informed dashboards can be effectivein real-world clinical
settings, not just trials. An increase in 7-day readmission rates
mirrors patterns seen in heart failure programs, where early,
proactive readmissions are reframed as planned care. This
suggeststhat the dashboard may support clinician-directed early
symptom management.

https://www.jmir.org/2025/1/€70430

We also observed a significant decrease in advance directive
completion among dashboard users in the advanced cancer
cohort. This may reflect a shift of clinical attention toward
pressing symptoms, similar to a US Department of Veterans
Affairs trial where increased planning discussions did not
improve aignment with patient preferences[15]. Thishighlights
how even well-designed dashboards can induce unintended
consequences, underscoring the need for thoughtful integration
into care processes.

For CKD, our null findings align with a systematic review
indicating that stand-alone SDM tools rarely impact high-cost
use metrics [47]. Without concurrent disease management
supports or stronger engagement by clinicians and patients,
dashboards may be insufficient to change care trgjectories in
slowly progressive conditions. Current evidence, therefore,
remains mixed on whether SDM interventions alone can
consistently curb costly service use.

Implicationsfor SDM Tools

Patient engagement in SDM is shaped by multipleforces. While
financial strain can sharpen patients desire to weigh costs
against benefits, the general shift toward patient-centered care,
greater transparency in outcomes, and heightened emphasison
quality of life also motivate participatory decisions [47]. Our
dashboard, which pairs PRO trends with open-ended prompts
on the goals of care, may have resonated most strongly with
oncology patients because acute toxicity and quality of life
trade-offsareimmediate and visible during chemotherapy. CKD
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trajectories are typically slower; without real-time laboratory
or symptom triggers, the dashboard information may have
seemed | ess actionable to nephrology teams, resulting in lower
engagement and impact in that setting.

Cancer-Type Heterogeneity

The advanced cancer cohort comprised patients with lung and
gastrointestinal malignancies. Although both subgroups face
heavy symptom burdens, needs can diverge: patients with lung
cancer report dyspneaand cough as dominant concerns, whereas
patients with gastrointestinal cancer often prioritize nausea,
appetite, and bowe symptoms|[48-50]. The dashboard displayed
all PROMIS domains identically, which may have diluted its
relevancefor patients whose dominant symptomswere not being
addressed in the clinic. Future iterations could include
cancer-specific symptom widgets or algorithmic highlighting
of domain scores most relevant to each cancer type to increase
salience for both patients and health care providers.

Strengths and Limitations

The study’s key strengths are its evaluation in routine clinical
practice across two distinct speciaties (oncology and
nephrology), use of rigorous inverse propensity weighting that
achieved robust covariate balance, and paralel reporting of
additive (percentage point) and multiplicative (ROR) effects,
which alows findings to be interpreted consistently across
outcomes with different prevalence rates.

Thereare several limitations. First, all use datawere drawn from
asingle US academic health network; encountersthat occurred
elsewhere were unseen, and results may not generaize to
community or non-US settings. Second, patients were not
randomly assigned to the dashboard intervention, which limits
our ability to make causal claims about the effect of dashboard
use. Although our weighting approach improved the balance of
patient characteristics between the intervention and comparison
groups, residual confounding from unmeasured factors (eg,
digital literacy) could remain. Third, dashboard patients
exhibited higher baseline use, suggesting higher initial health
care needs; the analytical approach mitigated but may not have

Amagai et a

fully eliminated this imbalance,

postintervention contrasts.

potentially  biasing

Conceptual Implications for Dashboard Design

Our findingsreinforce afundamental principle of user-centered,
participatory design: adashboard’s value depends on how well
it integrates with the downstream clinical workflow. In our
advanced cancer cohort, the dashboard was associated with
fewer chemotherapy-related acute care encounters, suggesting
that when clinicians have a clear, rapid way to respond to
symptom data, visualizing those datain a dashboard may avert
costly health services use. In contrast, the absence of any effect
among patients with CKD may imply that, without an equally
responsive care pathway, a stand-alone dashboard cannot
produce meaningful change.

Thisobservation alignswith evidence from arecent participatory
design intervention in surgical ward rounds, where stakeholders
confirmed that successful implementation hinged on both tool
usability and system readiness, including routines, coordination,
and technology infrastructure [51]. Just as that study revealed
the importance of aligning design with contextual factors and
cultural norms, our dashboard's impact depended on having
disease-specific support pathways in place.

Future versions should, therefore, be co-designed not only
around what information is displayed but aso around
di sease-specific response workflows (eg, automated alertsrouted
to the appropriate clinician, or prompts that trigger standing
orders) [47].

Conclusions

Whileaco-designed dashboard may help reduce high-cost health
services use and improve select care metrics for patients with
advanced cancer, the dashboard appears to be less effective for
patients with CKD. Asthe first study on an SDM intervention
and itsimpact on health services usefor these groups, the results
were mixed. More research is needed to fully understand the
impact of co-designed dashboards on improving emotional,
clinical, and use outcomes.
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