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ABSTRACT

Objective: Conduct a cluster analysis of inpatient portal (IPP) users from an academic medical center to improve
understanding of who uses these portals and how.

Methods: We used 18 months of data from audit log files, which recorded IPP user actions, of 2815 patient
admissions. A hierarchical clustering algorithm was executed to group patient admissions on the basis of pro-
portion of use for each of 10 IPP features. Post-hoc analyses were conducted to further understand IPP use.
Results: Five cluster solutions were developed for the study sample. Our taxonomy included users with high
levels of accessing features that were linked to reviewing schedules, results, tutorials, and ordering food.
Patients tended to stay within their clusters over multiple admissions, and the clusters had differences based on
patient and clinical characteristics.

Discussion: Distinct groups of users exist among IPP users, suggesting that training on IPP use to enhance pa-
tient engagement could be tailored to patients. More exploration is also needed to understand why certain fea-
tures were not used across all clusters.

Conclusions: It is important to understand the specifics about how patients use IPPs to help them better engage
with their healthcare. Our taxonomy enabled characterization of 5 groups of IPP users who demonstrated dis-
tinct preferences. These results may inform targeted improvements to IPP tools, could provide insights to im-
prove patient training around portal use, and may help care team members effectively engage patients in the
use of IPPs. We also discuss the implications of our findings for future research.
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INTRODUCTION

Technology has transformed the relationship between patients and the
systems that deliver care through the development of tools and appli-
cations that allow patients to engage with both their health informa-
tion and their care providers using the convenience of an Internet

connection. Patient portals, most frequently made available to patients
outside the clinical encounter, allow patients to view their medical and
laboratory information and help them to communicate with their pro-
viders."> However, a relatively new class of patient portals offers these
same applications concurrent with the clinical encounter.
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Table 1. MyChart bedside inpatient portal features

Feature

Description

* Happening Soon

* [ Would Like

® Dining on Demand
®  Getting Started

® My Health

® Message Send

® Check Message

* Notes

® Taking Care of Me
® ToLearn

Review scheduled upcoming interactions with the care team

Request one of a number of ancillary services

Order a meal from a predefined menu

Access tutorials on the use of MyChart Bedside

Review vitals and laboratory test results

Send a secure message as part of an ongoing conversation

Look at the ongoing secure message conversation

Record and review personal notes (audio and written)

Review active members of the care team

Access training materials through a link to an external health information content provider

Called inpatient portals (IPPs),>* these applications have been
developed for use on electronic tablets as part of the delivery of care
during a patient’s hospital stay and offer a suite of features appropri-
ate to the inpatient care process. For example, IPPs can provide te-
lemetry data and can offer communication applications that enable
patients to follow their treatments and care as they change over the
course of the clinical visit. While the absence of the policy stimulus
that fostered widespread adoption of outpatient portals (OPPs) has
resulted in slower adoption of facility-based IPPs,* these applica-
tions have the potential to empower patients during hospitaliza-
tion,” a time during which they may feel acutely vulnerable to their
health condition.® As a result, IPPs are seen as transformative to the
inpatient care experience.”

Given the different contexts, toolsets, and dynamics associated
with the use of IPPs in relation to their outpatient analogues, under-
standing the specifics about how patients use this technology is criti-
cal to enabling hospitals and healthcare systems to realize the
potential positive impact of IPPs on both patient engagement and
health outcomes. Research exploring the use of portals has focused
on specific groups of patients or organizational units; portals have
rarely been studied in any wide-scale implementation.®” One nota-
ble exception was a study by Jones and colleagues'® of OPP users
with specific chronic conditions at a large, academic medical center
(AMC); using a hierarchical cluster analysis of patient portal use
and demographic characteristics, the researchers categorized 8 dis-
tinct groups of OPP users. For example, “eDabblers” were identified
as patients who engaged in a few short sessions on the portal, while
“Infrequent, Intense Users” showed low frequency of use but high
intensity when they used the portal. Although this study offered
early insight into how patients use portals, it was limited to the out-
patient setting and the use patterns of a select group of patients.

Our study is designed to assess how hospitalized patients across
an AMC use IPPs during their stay. By empirically investigating por-
tal use in this context, we aim to understand who uses IPPs and how
IPPs are used. Improving our understanding of portal use among
inpatients can provide researchers with profiles of use behavior that
can be applied in hypothesis testing about the effect of patient and
contextual attributes. Moreover, identifying and characterizing dif-
ferent groups of users may help providers and organizations to bet-
ter communicate and work collaboratively with patients based on
different portal use patterns.

The inpatient portal system
Our Midwestern AMC performed a staged system-wide implemen-
tation of the Epic Systems” MyChart Bedside (MCB) product across
6311

its 6 hospitals beginning in 201 When provisioned with a tablet

during their inpatient stay, patients, their families, and caregivers
have access to MCB features provided by the AMC; data generated
throughout the inpatient stay are subsequently linked to their elec-
tronic health record (EHR) and become accessible through Epic’s
ambulatory portal system, MyChart Ambulatory. Table 1 presents
the 10 features provided by the AMC’s MCB application.

METHODS

Overview

This study was part of a larger, ongoing assessment of MCB at our
AMC as described by McAlearney and colleagues;'? their assess-
ment involved the use of a randomized controlled trial to compare
effects of levels of access to IPP features and training on IPP use and
clinical outcomes. Upon admission to all units in the 6 hospitals,
patients were automatically randomized using a script built into the
Epic EHR system. This script assigned patients to an arm of the
study based on predefined random numbers that corresponded to
the last 4 digits of the patient’s medical record number. The ran-
domization assigned patients along 2 dimensions: technology and
touch. For the technology assignment, the options were high-tech
(full MCB features) or low-tech (limited MCB features); for the
touch assignment, the options were high-touch (in-person training)
or low-touch (video training built into MCB). Nurses were blind to
the assigned study arm of a patient.

Upon admission, nurses conducted an assessment to determine
whether the patient should be offered an Android tablet equipped
with MCB. Patients who were over age 18, English speaking, not in-
carcerated, and physically and cognitively capable of managing the
technology were eligible to receive tablets. After patients agreed that
they would like access to the tablet during their hospital stay, the
nurse initialized the tablet with the patient’s MCB account. The ini-
tialization process automatically loaded the correct (ie, high-tech or
low-tech) version of MCB. When the patient logged into MCB for
the first time and accepted the terms of use, the patient was directed
to an electronic study consent page in order to ask about study par-
ticipation. Study participation was voluntary, and participants were
entered into a weekly raffle for a $100 gift card as a token of appre-
ciation for their participation. This study was approved by the
AMCs Institutional Review Board.

Study sample

For the purposes of this study of IPP use, only patients assigned to the
high-tech, low-touch group were included in the study sample. This
decision was made due to 2 main factors: 1) patients in the high-tech
group had access to all MCB features; and 2) patients’ use of MCB in
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Table 2. Description of study data sources and variables

Variable

Source (Variable Construction)

Admission and discharge date/time
Clinical unit of admission
Length of stay

MyChart Ambulatory/bedside use Epic Audit Log File

Age Annual Patient Summary Report
Annual Patient Summary Report

Gender

Count of diagnoses Hospital Charge Data
Principal diagnosis Hospital Charge Data
Charlson Comorbidity Index
Provision length

Session

Admission, Discharge, and Transfer Record
Admission, Discharge, and Transfer Record
Admission, Discharge, and Transfer Record (Discharge date subtracted from admission date)

Hospital Charge Data (Weighted score of 17 conditions'®)
Epic Audit Log File (Discharge date subtracted from first portal use day)
Epic Audit Log File (Discrete use [ie first active task within an admission or any active task after 15 minutes

of inactivity] of MyChart Bedside)

Frequency of use of each feature
Comprehensiveness of use
Proportion of feature use
Sessions per provisioned day
Daily feature use

sioned day)
Lifetime feature use

Epic Audit Log File (Sum of use of a feature on provisioned days)

Epic Audit Log File (Sum of use of features on provisioned days)

Epic Audit Log File (Sum of use of a feature divided by sum of use of features on provisioned days)

Epic Audit Log File (Sum of sessions divided by sum of provisioned days)

Epic Audit Log File (Sum of use of a feature on a provision day divided by sum of use of features on a provi-

Epic Audit Log File (Sum of use of a feature over the lifetime of MyChart Bedside use)

the low-touch group would not be influenced by the in-person train-
ing delivered to patients in the high-touch intervention group.

Additional exclusion criteria for the study sample in these analy-
ses included: 1) length of stay beyond 30 days; and 2) tablet provi-
sioned on the day of discharge. For the first exclusion criterion, we
excluded the small number of patients who had inpatient stays be-
yond 30 days because their tablet use may be noticeably different
from that of the vast majority of patients with shorter stays. The sec-
ond exclusion criterion was designed to ensure we included patients
who used the tablet for at least 1 day.

Our final study sample contained 2815 patient admissions from
1793 unique patients, of which 543 patients had multiple admis-
sions.

Data sources

Our primary sources of data were audit log files from January 2017
to June 2018, a period of time following the initial MCB rollout that
can be characterized as stable with respect to MCB implementation
and use. Audit log files are server-based records of patient MCB user
actions. Log file data analysis has been cited by researchers as creat-
ing opportunities to identify patterns in the use of specific features
as opposed to simply measuring the length of exposure an individual
has to a technology.'>!*

Log file data extracted from the AMC Information Warehouse
contained 3 primary variables pertinent to this study: 1) coded medi-
cal record number; 2) activity code (ie, accessing a specific MCB fea-
ture); and 3) timestamp when the activity took place. The data were
processed to ensure a patient was associated with his or her relevant
actions in the MCB application. This data set was linked to admis-
sion, discharge, and transfer records; hospital charges; and the an-
nual patient summary report by a patient’s medical record number.
In some circumstances, other unique identifiers such as time of ad-
mission or discharge and hospital account identifiers also were avail-
able and were linked to the data as appropriate.

Variable creation
Variables created for the study analyses are listed and described in
Table 2. The study authors initially defined a rubric that identified

which features were considered “active” in the data. This rubric was
subsequently validated by a lead MCB project manager from the in-
formation technology department. This process helped identify
MCB tasks recorded in the log files that require action by the user
(active) in comparison to those tasks that are navigational (not ac-
tive) and occur automatically. Using data from each admission of a
MCB user, the number of times a patient accessed the 10 MCB fea-
tures during an admission was first counted and stored as a variable.
Since patients stay in the hospital for varying lengths of time, the
count variables for each feature were then divided by the patient’s
total use of all features during an admission. The resulting measure
can be interpreted as the proportion of use for each feature available
on MCB. This approach was used to standardize each patient’s
MCB use in order to allow for user group identification through
clustering.

Analysis
We used cluster methods and statistical comparisons of means to an-
alyze the study data. A hierarchical agglomerative clustering algo-
rithm was used to group patient admissions on the basis of
proportion of IPP feature use, in which a patient admission was ini-
tially placed in a separate cluster and subsequently joined by the 2
most similar clusters. Ward’s method was used to conduct this anal-
ysis, in which clusters that minimized the within-cluster sum of
squares across the complete set of proportion of feature use varia-
bles were identified as being similar.'®

Our final cluster solution placed each admission into a unique
group that minimized differences in portal feature use within the
cluster and maximized differences in feature use between all other
clusters. An optimal number of clusters was determined using the
stopping rules proposed by the Calinski/Harabasz pseudo-F index,'”
Duda/Hart scores,'® and inspection of the cluster dendrogram. Ma-
jor steps of cluster analysis included: 1) exploring the data for atypi-
cal values that may be potential outliers; here we explored portal
use by provision day to identify unusual differences among users
and did not find any with such variation; 2) conducting split-half
cluster analysis, in which observations were split randomly into 2
halves and the clustering approach was applied; this was performed
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Table 3. Summary statistics of patient characteristics for study sample and general AMC population

Study sample General AMC population
(N=2815) (N=58054)
Age (SD) 45.46 (14.91) 53.13 (18.14)
Female 59% 53%
Charlson Comorbidity Index (SD) 2.25(2.47) 2.78 (3.14)
Diagnoses (SD) 16.94 (8.85) 16.62 (9.76)

Table 4. Proportions of portal features used and summary statistics by inpatient portal cluster types and study sample

Average Users Monitors Results Viewers Diners Tutorial Viewers Study sample

(N=1201) (N=518) (N=278) (N=3551) (N=267) (N=2815)

Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Happening Soon 0.39 0.71 0.15 0.11 0.17 0.35
[ Would Like 0.03 0.01 0.02 0.02 0.02 0.02
Dining on Demand 0.19 0.09 0.12 0.61 0.12 0.24
Getting Started 0.08 0.05 0.04 0.10 0.52 0.12
My Health 0.14 0.06 0.57 0.04 0.04 0.14
Message Send 0.00 0.00 0.00 0.00 0.00 0.00
Check Message 0.04 0.01 0.02 0.02 0.03 0.03
Notes 0.03 0.01 0.02 0.02 0.02 0.02
Taking Care of Me 0.04 0.03 0.03 0.04 0.03 0.04
To Learn 0.05 0.02 0.02 0.05 0.06 0.04
Sessions per provisioned day*** (SD) 6.63(5.33) 8.08(6.56) 7.02(5.88) 3.74(2.82) 3.18(3.04) 6.04(5.38)
Comprehensiveness of use*** (SD) 9.46(2.23) 8.86(2.63) 9.52(2.14) 5.93(2.78) 5.76(2.66) 8.31(2.92)
Length of stay (SD) 6.05(5.01) 6.42(5.14) 6.47(4.95) 6.63(5.50) 5.75(4.84) 6.25(5.12)
Provision length*** (SD) 4.65(4.32) 5.04(4.67) 5.08(4.70) 5.31(4.87) 3.83(3.89) 4.81(4.51)

***P <0.001.

in order to assess the reliability of our cluster solutions; and 3) ap-
plying our cluster method to the study sample and comparing the
optimal number of clusters with those identified through the split-
half analyses (in terms of distinguishing features and cluster size).
Based on our results from the study sample, we explored how those
patients with multiple admissions (210 patients) moved across clus-
ters based on their first 3 admissions. We examined differences in
typical patient demographic and clinical characteristics to assess var-
iability across clusters. We also identified the top 5 clinical units (ie,
based on admissions) associated with each cluster in which the
patients primarily used the inpatient portal (87% of our admissions
had all of their portal use in 1 unit).

We conducted 3 post-hoc analyses to further understand IPP use.
First, we applied our clustering method to patient admissions that
had lengths of stay of less than 3 days, 3 to 7 days, and more than 7
days. Second, we applied our clustering method to a subset of
patients who were first-time users of the IPP and had 4 consecutive
days of portal use. Namely, we performed a clustering analysis of
their lifetime use of features and 4 separate analyses of their daily
use of features. The construction of these variables is described in
Table 2. Third, we applied our cluster method to 2 separate analy-
ses. We compared patient admissions that used the AMC’s OPP (ie,
MyChart Ambulatory) before admission with IPP use against admis-
sions that did not have OPP use before admission with IPP use. We
also compared patients who used the OPP during their admission
concurrent with IPP use against patients who did not use the OPP
during their admission concurrent with IPP use.

Although iterative partitioning or non-hierarchical partitioning
(eg, K-means clustering) is an alternative approach to clustering, we
did not use this method given the lack of a priori information about

the number of clusters one should expect from this data set. To ex-
amine differences between the clusters of IPP user groups and spe-
cific patient characteristics, we conducted statistical comparison of
means tests (eg, one-way ANOVA and Kruskal-Wallis equality-of-
populations rank test) between the clusters identified in our final so-
lution. All statistical analyses were performed using Stata 15.1. Spe-
cific to our clustering method, we used the Stata cluster command
with Ward’s linkage and squared Euclidean distance.

RESULTS

Our study sample of MCB users consisted of patients who were gen-
erally younger, more likely to be female, and had a similar Charlson
Comorbidity Index (range 0 to 17) and diagnosis count compared to
patients in the general AMC population, as shown in Table 3. Sup-
plementary Results 1.a provides the summary statistics of the varia-
bles used in our clustering method for the study sample.

Inspection of the split-half cluster analyses (Supplementary
Results 1.b), the Calinski/Harabasz pseudo-F index, Duda/Hart
scores (Supplementary Results 1.c), and the dendrogram for the
cluster analysis using the study sample (Supplementary Results 1.d)
led to the selection of a 5-cluster solution to categorize portal users.

We found that IPP users primarily spent their time using the
Happening Soon (35%) and Dining on Demand (24%) features,
with some of their time also spent using the My Health (14%) and
Getting Started (5%) features. This use pattern is presented as the
“Study Sample” column in Table 4, and it was used as a basis for
characterizing the 5 clusters of IPP user groups that were each distin-
guished by a unique collective use pattern for the 10 features.
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Cluster 1, labeled “Average Users,” included patients who used
IPP features that closely corresponded with the study sample. They
primarily spent their time using the Happening Soon (39%) and
Dining on Demand (19%) features, and spent roughly 22% of their
time on the My Health and Getting Started features. These patients
accounted for most of the participants (43%) from our study sam-
ple. Cluster 2, labeled “Monitors,” consisted of patients who spent
71% of their time using the Happening Soon feature and approxi-
mately 15% of their time using the My Health and Dining on De-
mand features. This cluster accounted for 18% of patients from the
study sample. Cluster 3, labeled “Results Viewers,” included
patients who spent 57% of their time using the My Health feature,
15% of their time using the Happening Soon feature, and 12% of
their time using the Dining on Demand feature. This group repre-
sented 10% of the study sample. Cluster 4, labeled “Diners,” in-
cluded patients who spent 61% of their time using the Dining on
Demand feature, 11% of their time using the Happening Soon fea-
ture, and 10% of their time using the Getting Started feature. This
cluster represented 20% of patients from the study sample. Finally,
Cluster 5, labeled “Tutorial Viewers,” contained patients who spent
52% of their time using the Getting Started feature, 17% of their
time using the Happening Soon feature, and 12% of their time using
the Dining on Demand feature. This group contained 10% of
patients from the study sample.

Use of the Dining on Demand, My Health, Getting Started, and
Happening Soon features was present across the clusters. Other fea-
tures such as Message Send, Check Message, and I Would Like were
rarely used. In terms of average sessions per provisioned day,
“Diners” had the fewest sessions (M = 3.74); “Monitors” had the
most sessions (M = 8.08), with about 2 more sessions than the study
sample average. With respect to the comprehensiveness of MCB use,
“Tutorial Viewers” used the smallest number of features
(M=5.76); “Results Viewers” used the most features (M =9.52),
using approximately 1 more feature than the study sample average.
With respect to provision length, “Diners” had the longest exposure
to the inpatient portal (M =5.31), and “Tutorial Viewers” had the
shortest exposure (M = 3.83). Lengths of stay for admissions did not
vary by cluster.

Figure 1 illustrates how patients with 3 admissions (N=210
patients) moved across clusters with respect to their admissions.
Overall, patients tended to stay within their clusters across their
admissions. An exception to this was the “Tutorial Viewers” cluster;
this cluster had very few patients associated with it subsequent to
the first admission. Patients in the “Average Users” cluster tended to
migrate to the “Monitors,” “Results Viewers,” and “Diners” clus-
ters after their first or second admissions.

Table 5 displays the patient demographic and clinical status
characteristics across the 5 clusters of IPP users and the study sam-
ple. Statistical tests of the cluster means across the patient character-
istics indicated the clusters differed by age, gender, and comorbidity.
We report the top 5 conditions that contributed to the Charlson Co-
morbidity Index scores by each cluster to provide additional clinical
context for our findings. There were no notable differences across
clusters based on clinical conditions, and chronic pulmonary disease
and congestive heart failure were the more prevalent conditions
across clusters (Supplementary Results 1.e). Our statistical tests did
not show significant differences by count of patients’ diagnoses. We
also did not identify any notable differences across clusters in terms
of the top 5 clinical units associated with patients’ primary use of
the IPP (Supplementary Results 1.f)).

Post-hoc analyses

Applying our clustering method to patient admissions that had
lengths of stay of less than 3 days, 3 to 7 days, and more than 7 days
yielded clusters that resembled those present in Table 4. All of the
length of stay groups contained “Average Users,” “Monitors,”
“Diners,” and “Results Viewers” clusters. Their proportions
remained stable across the length of stay categories, and the
“Monitors” cluster had the highest representation from the total
samples across the length of stay categories. The 3 to 7 days and
more than 7 days categories also included “Tutorial Viewers” clus-
ters, which were relatively small proportions of their total samples
(Supplementary Results 2.a).

In order to further examine IPP feature use, we also inspected
lifetime use and daily use for a subset of patients who were first-time
users of the IPP and had 4 consecutive days of portal use (648).
With respect to lifetime use, our cluster method yielded 4 clusters:
“Average Users” (41%), “Monitors” (26%), “Diners” (17%), and
“Results Viewers” (15%). In regard to use by provision day, we ap-
plied our clustering method to each of the 4 provision days. Across
each day, we found 2 clusters: “Diners” and new clusters that re-
sembled “Average Users” but had differences in the amount of use
for the My Health, Happening Soon, or Dining on Demand features.
The “Monitors” clusters were present in the first, third, and fourth
provision days, and the “Tutorial Viewers” cluster appeared in the
second and fourth provision days. None of the aforementioned clus-
ters dominated in terms of count across the first 4 provision days
(See Supplementary Results 2.b and 2.c for the lifetime use and first
4 provision day results, respectively).

In regard to experience with the AMC’s OPP, we identified 915
admissions with OPP use before the admissions with IPP use and
1900 admissions that had no OPP use before the admissions with
IPP use in our study sample. Analyses of these subsets yielded similar
clusters: “Diners,” “Monitors,” “Results Viewers,” and “Lite Tuto-
rial Viewers.” However, we obtained 3 additional clusters from the
no prior OPP use subset: “Tutorial Viewers,” “Average Users,” and
“General Health,” who spent 68% of their time on the Happening
Soon and My Health features combined. We also obtained 1 addi-
tional cluster from the subset of admissions with prior OPP use:
“Lite Monitors.” Differences in the proportions of the clusters with
respect to their total sample size for those with prior OPP use and
no prior OPP use were trivial for the “Diners,” “Monitors,” and
“Results Viewers” groups. The “Lite Monitors” group and the
“Monitors” group were the largest in relation to the subset with
prior OPP use and the subset with admissions with no prior OPP
use, respectively (Supplementary Results 2.d).

We identified 96 admissions in which the OPP was used during
admissions concurrent with IPP use and 1804 admissions in which
the OPP was not used during admissions concurrent with IPP use.
For both these groups, our cluster analyses demonstrated the pres-
ence of “Average Users,” “Monitors,” “Diners,” and “Results View-
ers.” These clusters were generally the same size for both groups;
however, the “Monitors” cluster was larger (8 percentage points) for
the group with no OPP use during admissions. Among the group
with the OPP users during admissions, we also found 2 additional
clusters: “Lite Tutorial Viewers” and “Extreme Tutorial Viewers,”
although the latter group was a very small proportion of the total
sample size. The group that did not have the OPP users during admis-
sions also had 2 other clusters, “Tutorial Viewers” and “Extreme
Diners.” The “Average Users” and “Monitors” clusters were the
largest clusters for both groups (Supplementary Results 2.¢).
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Figure 1. Sankey graph illustrating movement of clusters for patients with 3 admissions during the study period (N=210). Blocks represent specific cluster names
(eg, Diners) and numbers next to the names are the frequency of patients within that cluster for a given admission. The height of the block represents the size of a
cluster. The colors of the streams indicate which clusters the patients are coming out of in the first and second admissions, and the streams between the blocks

represent the changes in the composition of the clusters between admissions.

Table 5. Summary statistics of patient characteristics by inpatient portal cluster types and study sample

Average Users Monitors Results Viewers Diners Tutorial Viewers Study sample
(N=1201) (N=518) (N=278) (N=551) (N=267) (N=2815)
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Age*** (SD) 44.85 (14.82) 43.31(13.39) 44.40 (14.69) 44.97 (15.31) 54.46 (14.46) 45.46 (14.91)
Female** 62% 56% 60% 61% 49% 59%
Charlson Comorbidity Index** (SD) 2.10(2.37) 2.13(2.29) 2.23(2.38) 2.65(2.86) 2.38 (2.42) 2.25(2.47)
Diagnoses (SD) 17.03 (9.10) 16.47 (9.00) 16.93 (8.17) 17.03 (8.61) 17.21(8.73) 16.94 (8.85)

***P <0.001, **P <0.001.

DISCUSSION

Across users of an IPP at a large AMC, we found 5 unique clusters
“Monitors,” “Results Viewers,”

»

of user groups: “Average Users,

“Tutorial Viewers,” and “Diners.” These heterogeneous user groups
showed different patterns of IPP use; our discussion below highlights
the specifics associated with each cluster of users, in addition to
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describing potential tradeoffs in IPP use by patients associated with
each cluster. Our study contributes to the existing literature on por-
tals by expanding the focus on portal use beyond the outpatient set-
ting and, moreover, is one of the first studies to generate a
taxonomy of IPP users. These findings provide insight to organiza-
tions attempting to implement and support IPP use and offer prelim-
inary evidence that user types vary with respect to both activities
and experiences.

The “Average Users” represented a group of patients who essen-
tially mirrored use patterns of the average IPP user: patients who fo-
cused on following their daily healthcare and dietary activities and
spent a little time reviewing results or learning about how to use the
portal. “Monitors” represented a group of patients who spent a rela-
tively large proportion of their IPP time checking upcoming interac-
tions with their care team. “Results Viewers” included patients who
frequently checked their test results and schedules, but did not often
seek information about their health condition. “Tutorial Viewers”
primarily used the Getting Started feature to learn how to use the
portal, and they spent some time following their daily healthcare
and dietary activities. Finally, “Diners” used the portal primarily to
order food; they did not commonly access information about their
health through their IPP. Interestingly, our study’s portal cluster
user groups corresponded with some of the cluster user groups iden-
tified in Jones and colleagues'® study of OPP users; specifically,
“Appointment Preparers” seemed consistent with our IPP
“Monitors” group, and their “Lab Trackers” group was similar to
our IPP “Results Viewers” group.

The identification of these different clusters of IPP users suggests
opportunities to provide patient training about portal features and
portal use in general. For example, our results showed that some
groups used the portal to access information about their health and
healthcare, suggesting that certain user groups may be more inter-
ested in monitoring their health and the care process, and this inter-
est can be supported through an IPP. In the outpatient setting,
portal use has been linked to better disease management and greater
engagement in care.*'722 Interestingly, the “Results Viewers” and
“Monitors” groups in our study—groups that contained relatively
younger and less sick patients (ie, lower Charlson Comorbidity In-
dex)—used IPP features analogous to those OPP features that en-
hance engagement in the outpatient setting, suggesting that use of
these features may similarly facilitate greater patient engagement.
Interventions that encourage those who infrequently use such fea-
tures in the inpatient environment may also improve inpatient en-
gagement. For example, “Average Users” and “Diners” may have
the technical ability to navigate the portal, but could benefit from
training to support their use of more clinically oriented portal fea-
tures;> in turn, expanded use of the available portal features may
increase these users’ engagement in their care. Conversely, the
“Tutorial Viewers”—a group consisting of patients who were older,
sicker, and predominantly male—may not have used the portal very
much after going through the instructions on how to use the appli-
cation. This suggests there may be a group of patients who need ei-
ther further training or additional motivation to use the IPP. Our
post-hoc analysis suggested the clusters of IPP users we found were
stable over different lengths of stay as well as across IPP lifetime
use. However, we also found considerable variability in use by pro-
vision day, a finding that may be expected given this was patients’
initial exposure to the portal. As illustrated in Figure 1, it appears,
nonetheless, that patients can gain experience with portal use over
time, and this may contribute to shifts in how they use the portal
overall. We also found greater variation in the types of clusters

from admissions with patients who had no prior use of the AMC’s
OPP before their admission with IPP use than those who did have
prior experience with the AMC’s OPP. Our results also indicated
the group with no prior OPP use had a cluster of users who spent a
majority of their time watching the tutorial. This phenomenon was
also present in our analysis of admissions in which OPP use took
place during admissions with IPP use. These findings may highlight
the need to allocate special attention to helping train patients with
no portal experience.

It is important to acknowledge the lack of use of several IPP fea-
tures that could have specifically enhanced patient engagement.
Particularly relevant to our study, the secure messaging feature of
OPPs has shown increased use over time and helps patients engage
in their care by providing an electronic record of communication
with their providers as well as allowing them to communicate asyn-
chronously.”* The availability of this feature can also facilitate a
greater sense of collaboration with and trust in providers.> Patients
in our study, however, showed very little use of the secure messag-
ing feature to communicate with their care team. As the inpatient
environment offers more opportunities for in-person communica-
tion than the outpatient environment, patients and care team mem-
bers may undervalue the secure messaging feature of the IPP in this
context. In-person communication has many benefits, but unlike se-
cure messaging facilitated by an IPP, it does not result in an elec-
tronic record of questions asked and answers received or easily
allow asynchronous communication such as with family members
who may not be present during care team visits. In our current
study, the limited use of the messaging, notes, and request ancillary
services features suggests that further research is needed to better
understand why these features are not regularly used by hospital-
ized patients.

Our results suggest many new avenues for research. Notably, the
groups of IPP users that we characterized could be used as a frame-
work upon which to generate new hypotheses and explore patterns
of outcomes that may be associated with specific user groups. For
example, it would be interesting to see whether “Results Viewers,”
the group viewing their health results through the IPP, experience
better clinical outcomes in comparison to “Diners,” the group that
primarily used the IPP to order food, as well as examine whether
any differences persist over time. Given the resources needed to pro-
mote successful implementation and use of an IPP, it is important to
continue to improve our understanding of the nature of portal use,
including how it could be leveraged to help improve cost, efficiency,
and quality concerns around healthcare delivery.®

These findings should be interpreted in light of several limita-
tions. Our study timeframe reflects a period during which the
healthcare system and patients were learning to use the portal.
While MCB implementation had reached a stable point in the health
system, the presence of a portal in the inpatient environment was
still novel. In practice, care team members must know how to use
the application and understand its value to be able to support
patients in portal use.”” Related, a care team’s encouragement to use
the portal could differ across units. Further work is needed to under-
stand whether and how use patterns may change as patients and
care teams gain experience with this application. The effects of the
care team and site characteristics additionally relate to the patient
population seen at this AMC. Usage patterns may look different in
this population that may have higher needs than the general popula-
tion. Our study can serve as a point of comparison as assessment
and documentation of IPP use advances across institutions serving
diverse populations. We additionally recognize there may be differ-
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ences between our study sample and the AMC general population
because our study participants had to agree to the study and the use
of the tablet. There could be implications for future IPP users as a re-
sult of any such differences.

The exploratory analysis regarding the relationship between clin-
ical and demographic characteristics and usage patterns was limited
by the data available for our analyses. Future studies could test new
hypotheses involving different clinical and demographic characteris-
tics such as race, ethnicity, literacy, and socioeconomic status to ex-
amine differences in IPP use patterns among user group clusters. We
also acknowledge the need to conduct additional research in order
to situate our findings around the clinical context, which could help
further explain IPP use and inform its future use. Lastly, our ap-
proach to measuring IPP use for the cluster analysis was primarily
based on examining the proportion of use for each feature available
in the IPP during an admission. In practice, defining patient portal
use remains a complex and evolving science, as it requires choices to
be made related to the frequency and comprehensiveness of use.>®

CONCLUSION

IPPs are a new class of patient portals that offer features analogous
to OPPs concurrent with a patient’s clinical encounter. In order to
realize the potential to engage patients with their healthcare, it is im-
portant to understand the specifics about how patients use this ap-
plication in the inpatient context. Our identification of clusters of
IPP users enabled characterization of groups that demonstrated dis-
tinct IPP use preferences. The results of our analysis may allow more
targeted improvements to the portal application itself as well as pro-
vide insight that could be applied to improve patient training in the
use of portals; our results also may help care team members more ef-
fectively engage patients in the use of IPPs.
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