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Abstract

Background: Outpatient portal technology can improve patient engagement. For pregnant individuals, the level of engage-
ment could have important implications for maternal and infant outcomes.

Objective: This study: (1) cross-sectionally and temporally characterized the outpatient portal use among pregnant indivi-
duals seen at our academic medical center; and (2) identified clusters of the outpatient portal user groups based on the
cross-sectional and temporal patterns of use.

Methods: We used outpatient portal server-side log files to execute a hierarchical clustering algorithm to group 7663 preg-
nant individuals based on proportions of outpatient portal function use. Post-hoc analyses were performed to further assess
outpatient portal use on key encounter characteristics.

Results: The most frequently used functions were MyRecord (access personal health information), Visits (manage appoint-
ments), Messaging (send/receive messages), and Billing (view bills, insurance information). Median outpatient portal func-
tion use plateaued by the third trimester. Four distinct clusters were identified among all pregnant individuals: “Schedulers,”
“Resulters,” “Intense Digital Engagers,” and “Average Users.” Post-hoc analyses revealed that the use of the Visits function
increased and the use of the MyRecord function decreased over time among clusters.

Conclusions: Our identification of distinct cluster groups of outpatient portal users among pregnant individuals underscores
the importance of avoiding the use of generalizations when describing how such patients might engage with patient-facing
technologies such as an outpatient portal. These results can be used to improve user experience and training with outpatient
portal functions and may educate maternal health providers on patient engagement with the outpatient portal.
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Introduction

Background

Patient portals serve as the bridge between an electronic per-
sonal health record, which is designed to be managed by
patients, and the electronic health record that is managed by
the health care system." Z In the outpatient setting, patients
are able to communicate with health care providers using an
outpatient portal and actively manage their health via

various portal functions. Actions include viewing laboratory
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results and visit summaries, scheduling appointments and pre-
scription refills, and communicating with clinicians. Various
studies have demonstrated that adult users of outpatient
portals can experience positive clinical and quality outcomes,
particularly in relation to chronic conditions such as diabetes,
cancer, coronary artery disease, hyperlipidemia, and hyperten-
sion.*” Similar to individuals with chronic conditions, preg-
nant individuals are in frequent contact with health care
providers and are encouraged to actively participate in their
health care given the uncertainties and changes in health
during this period. Analysis of log files generated from preg-
nant individual’s use of an outpatient portal presents a unique
opportunity to leverage large-scale behavioral data toward the
study of an underrepresented population’s interaction with a
digital health tool.

While pregnant individuals do perceive the benefits of out-
patient portal use,'®"? actual enrollment in and use of portals
may vary based on factors such as pregnancy history, age,
race, socioeconomic status, or internet access as well as experi-
ences, preferences, and expectations related to the outpatient
portal itself.'*'® Ukoha and colleagues examined whether
enrollment in and use of secure messaging in an outpatient
portal were associated with certain demographic and clinical
covariates. They found that individuals with high-risk preg-
nancies were less likely to enroll in the outpatient portal, but
did not differ in their use of secure messaging within the out-
patient portal.'® Considering that an outpatient portal can be
utilized in a more comprehensive manner than secure messa-
ging alone, it is necessary to redefine use to account for the
numerous ways this population can engage with an outpatient
portal. Learning more about the behavioral interaction
between pregnant individuals and the patient portal through
the use of the generated log files could provide insight and
guidance to help obstetrics and gynecology and maternal—
fetal medicine programs improve the care delivered, patient
satisfaction, and possibly clinical outcomes associated with
pregnancy, as has been explored among the general popula-
tion.'”™'? Our study is the first to our knowledge that charac-
terizes outpatient portal use and identifies user profiles in order
to explore how this understudied patient population engages
with their health care electronically. Furthermore, our study
aims to demonstrate that outpatient portal use is heterogeneous
and attempts to characterize outpatient portal use should avoid
the generalization that all users interact with an outpatient
portal equally. Categorizing outpatient portal use into a
variety of profiles, or clustering, can benefit future works
that aim to identify the clinical or quality outcomes associated
with patterns of patient engagement with an electronic health
care delivery technique.

Audit log files

Mining of outpatient portal audit log file data presents a
unique pathway to explore how patients are managing
their health via engagement with the outpatient portal.

Audit log files are an automatically produced, server-side
documentation of user behavior within a particular
system.”® Originally designed for monitoring purposes,
these files typically include four pieces of data: who
accessed, which page, when, and the action they performed
on that page.>! While the exact granularity of the log files
depends on the vendor’s software, the use of this informa-
tion allows researchers to unobtrusively study a wide range
of user activities within a system, such as an electronic
health record or an outpatient portal. Log files are limited
by their inability to precisely indicate why actions occur.
However, the scale at which this activity information exists
has been harnessed to summarize sequences of activity and
further identify groups of common sequential actions.”®

Processing audit log file data presents a challenge;
however, recent studies have developed, standardized,
and shared such methods for processing patient portal
audit log files and measuring patient portal use.>*>°
These studies were performed across samples of an entire
health system and did not examine how such metrics of
use could be applied to patient portal use among unique
patient populations. Jones and colleagues also presented a
summary of data sources, data processing methods, and
metrics of use along with results from a hierarchical
cluster analysis among a population of users with chronic
illnesses at a large academic medical center.’” While this
study offered a valuable view of clustered outpatient
portal users, it did not address how use may change over
time as users become more familiar with the outpatient
portal. In addition, the motivations for and patterns of out-
patient portal use among chronically ill patients are likely
different from those of pregnant individuals given the dura-
tions and exposures to health care.

Objectives

The primary objective of this study was to cross-sectionally
and temporally characterize the outpatient portal use among
pregnant individuals seen by the obstetrics and gynecology
and maternal—fetal medicine departments at our academic
medical center. Our secondary objective was to then iden-
tify clusters of the outpatient portal user groups based on
the cross-sectional and temporal patterns of use. Our
overall hypotheses were that there will be differences in
outpatient portal use among pregnant individuals and that
there will be additional differences based on clinical risk.

Methods

Overview

This study builds on a larger assessment of patient portal
technology, which has been described by Huerta et al., Di
Tosto et al., and Fareed et al,2+26 Drawing on methods
developed in these studies, we performed data processing
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and analysis using coded-limited data requested from the
Information Warehouse within our academic medical center
in order to assess outpatient portal use. This study did not
require approval from the Institutional Review Board of our
academic medical center as it involved the use of a
coded-limited data set reviewed and approved by the Honest
Broker Commiittee of our academic medical center.

Study setting and sample

Our mid-western academic medical center implemented the
outpatient portal in 2011 and sees about 7000 pregnant indi-
viduals annually. The outpatient portal is Epic’s MyChart
and contains the following functions that remained consist-
ent over our study period: Messaging (send/receive mes-
sages), Visits (manage appointments), MyRecord (access
personal health information such as test results, allergies,
current health issues, and immunizations), Medical Tools
(share records, participate in research, and connect
devices), Billing (view bills and insurance information),
Resources (frequently asked questions, terms and condi-
tions, and patient education), Proxy (request proxy status
and renew request), Preferences (change settings and notifi-
cations), and Custom (use of miscellaneous features).
Consistent with the methods of Di Tosto et al., the use of
the Resources function was not assessed as an individual’s
engagement with this function leads to external actions that
are not logged in the audit log files. This study included a
retrospective cohort of 14,658 individuals who were aged
> 18 years and received prenatal care from obstetrics and
gynecology or maternal-fetal medicine providers at our
academic medical center during the study period of 1/1/
2016 to 8/1/2020. In the event an individual had multiple
pregnancies during the study period, we only examined out-
patient portal use during the individual’s first pregnancy.
We also excluded individuals who did not use the outpatient
portal within 280 days of their estimated delivery date to
ensure we only assessed outpatient portal use during an indi-
vidual’s pregnancy. Our final analyses only included 7664
individuals, who were considered active users of the outpatient
portal during their pregnancy if they used the outpatient portal
at least once within each trimester of pregnancy. There were
6233 individuals with a normal pregnancy and 1431 indivi-
duals with a high-risk pregnancy. An individual had a “high-
risk” pregnancy if she required a visit with a maternal—fetal
medicine provider for existing comorbidities (i.e. diabetes,
high blood pressure, or any condition requiring high-risk
care or fetal treatment).28

Data sources

The audit log files from patients seen from 1/1/2016 to 8/1/
2020 were the primary data source linked to electronic
health record data. A categorical variable named “risk”
was constructed to denote the level of risk associated with

the pregnancy, as mentioned previously. Trimesters were
calculated for each pregnancy using the number of days
prior to the estimated delivery date, according to the
American College of Obstetricians and Gynecologists.*’

Data model

Our data model for outpatient portal use is presented in
Table S1 of Appendix 1. We first categorized every patient’s
individual action within the outpatient portal, and then col-
lapsed these action types into various outpatient portal func-
tions. Sessions were defined as grouped sequences of
actions that began with a patient’s login and were completed
by either a patient’s manual logout or a period of inactivity
between actions within the outpatient portal. The threshold
for a period of inactivity was determined by calculating the
99th percentile of the time in seconds between actions
(Module 2 in Appendix 2). A single session may involve
the use of multiple actions or functions, and outpatient
portal use can continue over numerous sessions throughout
the course of a patient’s pregnancy.

Using the timestamped actions and the estimated deliv-
ery date, we were able to examine outpatient portal use
cross-sectionally at various timepoints and temporally as
individuals progressed through pregnancy. Cross-sectional
analysis of outpatient portal use was performed at the
session and patient levels, while temporal analysis took
place at the patient level. Clusters of patients were later
identified based on the proportion of function use at the
patient level. The movement of patients between clusters
was assessed temporally as individuals progressed
through pregnancy. Finally, all measurements of outpatient
portal use were repeated to examine differences in out-
patient portal use between individuals with a normal preg-
nancy and individuals with a high-risk pregnancy. The
measurements of outpatient portal engagement, defined in
recent studies,”*2° are listed in Table S2 of Appendix 1.

Data processing

A summary of the steps used for data processing is pre-
sented as a flowchart in Figure S1 of Appendix 1. Briefly,
modules 1-7 were an application of the data processing
methods outlined by Di Tosto et al., performed with the
goal of translating the audit log files into data sets from
which session-level outpatient portal engagement could
be calculated. In module 8, we calculated the active status
of each patient by using the first session start date that
falls within the specified period of a patient’s pregnancy
(i.e. the first, second, or third trimester). Those with at
least one session start date within each trimester period
were considered active. The remaining modules were per-
formed to measure outpatient portal engagement cross-
sectionally and temporally among each pregnancy risk
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group (i.e. all pregnancies, normal pregnancies, and high-
risk pregnancies) and among clusters of users.

Data analysis

Our analyses involved: (1) the cross-sectional descriptive
summary of function use at the session and patient levels; (2)
the temporal summary of median function use at the patient
level; (3) the cluster analyses according to the proportion of
function use; (4) post hoc analyses to further characterize clus-
ters of function use; (5) the temporal summary of movement
between clusters, and (6) sensitivity cluster analyses examining
outpatient portal use during the COVID-19 pandemic.
Hierarchical agglomerative clustering algorithms were used
to group individuals according to the proportion of outpatient
portal function use. The proportion of outpatient portal function
use calculation included the summated use of all nine out-
patient portal functions as the denominator. Our hierarchical
clustering analyses used Ward’s method, which minimized
within-cluster variance, as measured by the error sum of
squares, across all proportions of use variables in order to deter-
mine similarity.*® The final number of clusters was agreed
upon following a review of a cluster dendrogram in conjunc-
tion with the use of cluster-analysis stopping rules.*" *
Additional post hoc analyses included the calculation of
median values for the following metrics: number of ses-
sions per pregnancy, pregnancy length, number of days to
the first session of use, number of days to the last session
of use, number of days to delivery, number of days to esti-
mated delivery, number of maternal-fetal medicine visits,
number of obstetrics and gynecology visits, and number
of provider visits (Appendix 1, Table S2). Race and ethni-
city for each cluster group were also assessed. A chi-square
test was performed to test for a significant difference in pro-
portions of active users. Kruskal-Wallis tests were per-
formed to test for significant differences in median
outpatient portal function use across trimesters, while
Wilcoxon rank-sum tests were used to test for significant
differences between trimesters and between pregnancy
risk groups at each trimester. To test for significant differ-
ences in median proportions of outpatient portal function
use, median post hoc metrics across an entire set of clusters,

Table 1. Portal active status per pregnancy, by pregnancy risk group.

Active status

Active 7664 (52) 6233 (54)

Inactive 6994 (48) 5218 (46)

and percent of clusters according to race, we performed
Kruskal-Wallis tests within each pregnancy risk group at
each cross-sectional time point (i.e. the entire pregnancy
period and each trimester of pregnancy). Significant differ-
ences in mean proportion of outpatient portal use between
individual clusters were assessed using Dunn’s multiple
comparison tests. Statistical analyses were performed using
Stata 16.1, R programing language (v4.0.4), and Python pro-
graming language (v3.9). Our clustering method used the
Stata cluster command with Ward’s linkage and squared
Euclidean distance.

Results

Outpatient portal active use status

Table 1 shows the classification of active and inactive out-
patient portal users among pregnant individuals. Following
data processing (Appendix 1, Figure S1), 7664 (52%) of the
original 14,658 pregnant individuals were considered active
users. A greater proportion of normal pregnancy individuals
(54%) were active users compared to high-risk pregnancy
individuals (45%) (P <.001).

Patient characteristics

Our study sample consisted primarily of non-Hispanic
White (70%) individuals who were 30-34 years old
(39%) and 25-29 years old (31%) at the time of their first
visit (Table 2). Both pregnancy risk groups predominantly
consisted of non-Hispanic White individuals between the
ages of 30-34 at the time of the first visit. There were
more non-Hispanic White individuals among the high-risk
pregnancy group (75%) compared to those with a normal
pregnancy (69%), and more individuals over the age of
35 years among high-risk pregnancy individuals (26%)
compared to those with a normal pregnancy (16%).

Cross-sectional descriptive summary of function use

Table 3 shows the frequency of outpatient portal function
use per session and per patient among active users, accord-
ing to the pregnancy risk group.

1431 (45)

1776 (55)
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Table 2. Patient characteristics, by pregnancy risk group.

Age at first visit

<20 110 (1) 95 (2) 15 (1)
20-24 809 (11) 675 (11) 134 (9)
25-29 2376 (31) 2000 (32) 376 (26)
30-34 2982 (39) 2450 (39) 532 (37)
35+ 1387 (18) 1013 (16) 374 (26)
Race-ethnicity

Non-Hispanic 5393 (70) 4326 (69) 1067 (75)
White

Non-Hispanic Black 1111 (15) 935 (15) 176 (12)
Hispanic 238 (3) 195 (3) 43 (3)
Race-ethnicity 922 (12) 777 (13) 145 (10)

other

At the session level, the most frequently used functions
were Visits (31%), MyRecord (24%), Messaging (10%)
and Billing (10%). These are also the most frequently
used functions for both pregnancy risk groups, with the
use of these four functions being relatively similar
between the two groups. The most frequently used func-
tions at the patient level were the same as those at the
session level, namely MyRecord (99%), Visits (97%),
Messaging (92%) and Billing (89%). Such use was consist-
ent across both pregnancy risk groups.

Temporal summary of median function use

Figure 1 show the median number of sessions among (a) all
active pregnant individuals and (b) according to pregnancy
risk group. Among all individuals, median function use
increased significantly (P <.001) from 14 sessions of func-
tion use in the first trimester to 22 sessions in the second and
third trimesters. This trend of a plateauing median function
use between the second and third trimesters continued when
examining each pregnancy risk group. However, the
median use among high-risk pregnancy individuals was sig-
nificantly greater than use among normal pregnancy indivi-
duals (P<.001) at each trimester.

Figure 2 shows the median number of sessions with at least
one use of the MyRecord, Visits, Messaging, or Billing func-
tion during each trimester, according to the pregnancy risk
group. Among individuals with a normal pregnancy, median
use of the MyRecord and Messaging functions significantly
decreased between the second (7 sessions/trimester and 2 ses-
sions/trimester, respectively) and third trimesters (6 sessions/
trimester and 1 session/trimester, respectively; P <.001).
Among high-risk pregnancy individuals, median use of the
Messaging function did not significantly decrease between
the second (3 sessions/trimester) and third trimesters (2 ses-
sions/trimester, P = .63). Median use of the Visits function
significantly increased each trimester among both pregnancy
risk groups (P<.001), and high-risk pregnancy individuals
had significantly more sessions of use during the second and
third trimesters compared to normal pregnancy individuals
(P<.001). There was no significant difference in median
use of the Billing function between pregnancy risk groups,
though use did significantly increase for each group between
the first and second trimesters (P <.001).

Cluster analyses according to the proportion of use

The following sections present results from hierarchical
cluster analyses during all trimesters of pregnancy, accord-
ing to pregnancy risk groups. In addition, we present post
hoc measurements used to further characterize clusters of
function use. Cluster analyses and relevant post hoc mea-
surements were also performed at each trimester time
point, and the results are presented in Figures S2-S4 in
Appendix 1. Unless otherwise specified, all differences in
outpatient portal use and post hoc measurements across
clusters and between clusters are statistically significant
(P <.05 following Kruskal-Wallis tests and P <.05 follow-
ing Dunn’s multiple comparison tests).

Figure 3 shows the results from the hierarchical cluster ana-
lyses during all trimesters of a pregnancy, according to preg-
nancy risk groups. A review of the Calinski/Harabasz
pseudo-F indexes, Duda/Hart scores, and the dendrograms
for cluster analyses using the study sample of each pregnancy
risk group led to the selection of four clusters to categorize all
pregnant individuals, three clusters to categorize normal preg-
nancy individuals and four clusters to categorize high-risk
pregnancy individuals. While clusters are identified according
to proportions of outpatient portal use, only the proportions for
the top four outpatient portal functions are presented in each
cluster (Figure 3; Appendix 1, Figures S2-S4) as the remain-
ing functions were rarely used.

Among all pregnancies, outpatient portal users primarily
spent their time using MyRecord (35%) and Visits (30%),
while using Messaging (9%) and Billing (9%) with the
remainder of their time. This outpatient portal use cluster
is presented as the “Study Sample” column in the “All
Pregnancy Episodes” section of Figure 3 and is used as
the reference for the remaining clusters of outpatient
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Table 3. Frequency of portal function use per session and pregnancy among active users, according to pregnancy risk group.

Visits 256,167 (31) 199,069 (31) 57,098 (29)
MyRecord 201,222 (24) 154,019 (24) 47,203 (24)
Messaging 83,385 (10) 63,088 (10) 20,297 (10)
Billing 83,124 (10) 66,929 (10) 16,195 (8)
Proxy 10,719 (1) 8238 (1) 2481 (1)
Preferences 8089 (0) 6476 (1) 1613 (0)
Custom 5673 (0) 4507 (0) 1166 (0)
Medical 3874 (0) 3099 (0) 775 (0)
tools

portal user groups. The “Average Users” cluster was 25%
of the “Study Sample” and was most similar to the
“Study Sample” with frequent use of MyRecord (35%)
and Visit (30%). The “Schedulers” cluster was 30% of
the “Study Sample” and was comprised of those who pri-
marily used the Visits (55%) function to schedule, view
details for, and check-in for an appointment. The
“Resulters” cluster was 29% of the “Study Sample” and con-
sisted of those who mostly used the MyRecord (52%) function
to view test results as well as occasionally viewing personal
health information like allergies, current health issues, and
immunizations. Finally, the “Intense Digital Engagers”
cluster was 16% of the “Study Sample.” They split most of
their use between Messaging (44%) and MyRecord (32%)
and consistently had the least sessions per pregnancy, which
may indicate an aptitude with the digital health tool that
enables intense, efficient engagement with their providers
and personal health information.

Post hoc analyses from clusters among all pregnant indi-
viduals showed that the “Resulters” and “Intense Digital
Engagers” have far fewer sessions of use per pregnancy
(53 and 50, respectively) compared to the “Study Sample”
(73), while the “Schedulers” have the most sessions per
pregnancy (109). The “Schedulers” had the least days to
the first session (60) and most days to the last session
(96). Conversely, “Resulters” and “Average Users” started
the latest (64) and ‘“Resulters” and “Intense Digital
Engagers” stopped the earliest (94) compared to other clus-
ters. In addition, we saw that “Intense Digital Engagers” met
with their obstetrics and gynecology providers the most (14

7446 (97) 6035 (96) 1411 (98)
7659 (99) 6228 (99) 1431 (100)
7087 (92) 5737 (92) 1350 (94)
6827 (89) 5565 (89) 1262 (88)
1925 (25) 1555 (24) 370 (25)
3387 (44) 2764 (44) 623 (43)
2500 (32) 1991 (31) 509 (35)
2254 (29) 1810 (29) 4ht (31)

visits) throughout pregnancy compared to all other clusters
(13). Finally, the “Study Sample” was predominantly repre-
sented by non-Hispanic White individuals (70%), followed
by non-Hispanic Black individuals (15%), individuals of
Other Race-Ethnicity (12%), and Hispanic individuals
(3%). The “Intense Digital Engagers” contained the most
non-Hispanic =~ White individuals (77%) and least
non-Hispanic Black individuals (10%), while the
“Schedulers” had the fewest non-Hispanic White indivi-
duals (65) and the most non-Hispanic Black individuals
(18). The “Resulters” cluster similarly contained many
non-Hispanic ~ White individuals (73%) and few
non-Hispanic Black individuals (14%) compared to the
“Schedulers.”

Individuals within the “Study Sample” of the normal preg-
nancy and high-risk pregnancy groups similarly used the
MyRecord and Visits functions most often, while Messaging
and Billing were used less. The common clusters between
pregnancy risk groups were “Schedulers,” “Intense Digital
Engagers,” and “Average Users.” The “Average Users” are
the largest within both pregnancy risk groups, though more
normal pregnancy individuals were “Average Users” (55%)
compared to high-risk pregnancy individuals (36%). While
“Schedulers” were equally present among both groups
(25%), the “Resulters” were only present among high-risk
pregnancy individuals (15%). Lastly, fewer normal pregnancy
individuals were “Intense Digital Engagers” (20%) compared
to high-risk pregnancy individuals (24%).

Post hoc analyses demonstrated that high-risk pregnancy
individuals have more sessions (97) and more visits with a
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Figure 1. Median function use per trimester among (a) all women and (b) women with either a normal or high-risk pregnancy. *Median
OPP function use with a significant difference at P<.05 level across trimesters; median OPP function use with significantly different values
at P<.05 between trimesters 1-2 and 1-3 among (a) all women and (b) high-risk pregnancy group, and between all trimesters among (b)
normal pregnancy group. **Median OPP function use with significantly different values at P<.05 between pregnancy risk groups at each
trimester. Error bars indicate the interquartile range equal to the 75th and 25th percentiles of median function use at each trimester.

Kruskal-Wallis used to test for overall significant differences in median OPP function use across all trimesters. Wilcoxon rank-sum tests
were used to examine significant differences in median OPP function use between trimesters and pregnancy risk groups at each trimester.

provider (15) compared to normal pregnancy individuals (69
and 14, respectively), though this difference was not tested
for significance. Among high-risk pregnancy individuals,
we saw that “Schedulers” had the most sessions per preg-
nancy (134), while “Intense Digital Engagers” had the least
(66). Comparatively, “Schedulers” among normal pregnancy
individuals also had the most sessions per pregnancy (101)
and “Intense Digital Engagers” had the least (46).

In addition, we saw that the “Schedulers” among normal
pregnancy and high-risk pregnancy individuals had fewer
days to the first session of use (60 and 63, respectively)
and more days to the last session of use (96) compared to
other clusters. In other words, individuals in these
Visits-oriented clusters began using the outpatient portal
slightly earlier and continued using it longer into their preg-
nancies compared to individuals in the “Study Sample.”

The “Intense Digital Engagers” of the pregnancy risk
groups were the inverse of the “Schedulers” as they tend
to start later and stop earlier compared to the “Study
Sample” in their respective pregnancy group.

Finally, we saw that racial and ethnic differences among
clusters persisted when comparing pregnancy risk groups.
For instance, non-Hispanic White individuals were simi-
larly common among “Intense Digital Engagers” and
“Resulters” of high-risk pregnancy individuals (79% and
82%, respectively) compared to those “Intense Digital
Engagers” of normal pregnancy individuals (78%).
Non-Hispanic Black individuals were also similarly more
common among the “Schedulers” of normal pregnancy
individuals (20%) and high-risk pregnancy individuals
(17%) compared to other clusters in the respective preg-
nancy groups.
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Figure 2. Median (a) MyRecord, (b) Visits, (c) Messaging, and (d) Billing use per trimester among all women. *Median OPP function use
with a significant difference at P<.05 level across trimesters for all functions in (a)-(d); among normal pregnancy group, median OPP
function use with significantly different values at P<.05 between all trimesters for all functions in (a)-(d); among high-risk pregnancy,
median OPP function use with significantly different values at P<.05 between all trimesters for function in (b) and between trimesters 1-2
and 1-3 for functions in (a),(c), and (d). **Median OPP function use with significantly different values at P<.05 between pregnancy risk
groups at all trimesters for functions in (a) and (c), and in second and third trimester for function in (b). Error bars indicate the
interquartile range equal to the 75th and 25th percentiles of median function use at each trimester. Kruskal-Wallis used to test for overall
significant differences in median OPP function use across all trimesters. Wilcoxon rank-sum tests were used to examine significant
differences in median OPP function use between trimesters and pregnancy risk groups at each trimester.

When examining the characteristics of clusters at each tri-
mester we observed two trends (Appendix 1, Figures S2—-S4).
First, the use of the Visits function increased and the use of the
MyRecord function decreased over time. By the third trimes-
ter, the Visits function surpassed the MyRecord function as the
most used function within the “Study Sample” of all pregnant
individuals. Second, the median number of sessions per tri-
mester plateaued after the second trimester among all pregnant
users in a Visits-oriented cluster (e.g. “Schedulers”) and
decreased each trimester among all pregnant users in
“Average Users” and “Intense Digital Engagers.” Amidst
these trends, we consistently observed that the “Schedulers”
consisted of more non-Hispanic Black individuals compared
to the Results- and Message-oriented clusters (‘“Resulters”
and “Intense Digital Engagers”).

Temporal summary of movement between clusters

Figure 4 depicts the flow of all pregnant individuals
between clusters throughout all trimesters of their preg-
nancy. Though the “Average Users” were typically one of
the largest clusters in each trimester, the majority of
“Average Users” subsequently moved to new clusters at
the onset of a new trimester. The “Resulters” were similarly
inclined to test new functions and move to new clusters
over time. Comparatively, individuals in the “Intense
Digital Engagers” and “Schedulers” typically remained
focused on their preferred functions, with movement
between clusters subsiding between second and third trime-
sters. “Non-users” are those who have logged a session in
the outpatient portal during a trimester but did not engage
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Outpatient Portal Use Clusters - All Trimesters
MyRecord = Visits = Messaging = Billing
All Pregnancies Normal Risk Pregnancies High-Risk Pregnancies
Intense Intense Intense
Digital Average Study Digital Average Study Digital Average Study
Schedulers ~ Resulters =~ Engagers Users Sample  Schedulers Engagers Users Sample  Schedulers Resulters = Engagers Users Sample
n=2302 n=2189 n=1251 n=1919 n=7661 n=1576 n=1231 n=3423 n=6230 n=351 n=218 n=340 n=522 n=1431
(30%) (29%) (16%) (25%) (100%) (25%) (20%) (55%) (100%) (25%) (15%) (24%) (36%) (100%)
5% 9 9 D 9,
9% 8% 5% 6% 5% 4%
4% 7% 18% 4% 14% 5% 1% : 13% .
o 9% : 10% 7% 7%
44% 1% 9% 2% el 9% 19% 39% 10%
B 33%
9
55% 0D 30% 57% 27% 0% 57% 30%
15% 14% 14%
529% » 60%
1% 40% o
27% 32% 35% 35% 26% 33% 35% 25% 35% ° 37%
Outpatient Portal Use,
median (IQR)
Sessions per Pregnancy 109 (90) 53 (63) 50 (41) 78 (74) 73(78)  101(79) 46 (35) 67 (71) 69 (72) 134(117) 77 (72) 66 (65) 110(102) 97 (103)
Days to First Session 60 (20) 64 (21) 63 (20) 64 (22) 63 (21) 60 (19) 62(19) 64 (20) 63 (20) 63 (24) 63 (24) 65 (25) 65 (28) 64 (25)
Days to Last Session 96 (4) 94 (6) 94(5) 95(5) 95(5) 96 (4 94 (6) 94 (6) 95 (6) 96 (3) 95(4) 94.5(4.5 96 (4) 95 (4)
Pregnancy, median (IQR)
Pregnancy Length
(days) 275 (11) 274 (13)  275(13) 275 (11) 275(12)  275(11)  276(10)  275(10)  275(10) 270(14) 269 (14) 268(14) 270 (14) 269 (14)
Days to Delivery 213 (25) 208 (25)  211(25) 210 (26) 210(25) 214(24.5) 213(24) 210(24)  211(25) 207(27) 203.5(29) 202.5(27) 204(29) 204 (28)
Days to Estimated
Delivery 220 (20) 216(21)  217(20) 216 (22) 217(21)  220(19) 218(19) 216(20) 217(20) 217(24) 217(24) 215(25) 215(28)  216(25)
Visits, median (IQR)
MFM Visit Count 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 30) san 7(12) 3(7) 3(10)
OB Visit Count, 13(5) 13(7) 14(5) 13(5) 13(5) 13(4) 143 14(4) 14 (4) 11 (16) 0(13) 0(13) 5(16) 3(15)
Total Visit Count 13(4) 14(5) 14 (4) 14 (5) 14 (5) 134 143 144 14 (4) 15 (10) 14 (11) 15(8) 15 (13) 15 (9)
Race, n (%)
Non-Hispanic White 1503 (65) 1595 (73) 965(77) 1328 (69) 5391(70) 1008 (64) 954 (78) 2362 (69) 4324(69) 233(66) 179(82)  269(79)  386(74) 1067 (75)
Non-Hispanic Black 420 (18) 312 (19) 126 (10) 253(13) 1111(15)  321(20) 112(9)  502(15)  935(15) 60 (17) 18(8) 35(10) 63 (12) 176 (12)
Hispanic 90 (4) 58(3) 330) 5703) 238 (3) 63 (4) 3503) 97(3) 195 (3) 154) 6(3) 8(2) 143) 43(3)
Race-Ethnicity Other 289 (13) 224 (10) 127 (10) 281 (15) 921 (12) 184 (12) 130 (11) 462 (14) 776 (12) 43 (12) 15(7) 28 (8) 59 (11) 145 (10)

Figure 3. The median proportion of OPP use and summary statistics (median (IQR); n (%)) during all trimesters by OPP cluster types and
study sample, according to pregnancy risk group. ltalicized values indicate OPP function use or post hoc measurement with a significant
difference at P<.05 level across clusters. Bold values indicate OPP function use or post hoc measurement significantly different values at P
<.05 for a particular cluster relative to other clusters. Total proportions do not add to 1.00 as only the top four functions are shown.

Kruskal-Wallis used to test for overall significant differences across the entire set of clusters among each pregnancy risk group; Dunn’s
multiple comparison tests were used to examine significant differences in means across individual clusters of each pregnancy risk group.

with any of the functions listed. Few “Non-users” persist
over two trimesters and there were no pregnant individuals
who were “Non-users” across all trimesters. Movement
between clusters was also examined between pregnancy
risk groups, and results are seen in Figures S5-S6 in
Appendix 1. We continued to see similar movement
among the “Average Users,” “Intense Digital Engagers,”
and “Schedulers” in both pregnancy risk groups.

Sensitivity analysis: Outpatient portal use during the
COVID-19 pandemic

A final cluster analysis was performed among a subsample
of individuals who only used the outpatient portal between
1/1/2020 and 8/1/2020 in order to determine if clusters of
outpatient portal use varied during the COVID-19 pan-
demic compared to our original sample. Appendix 3 con-
tains tables with the proportions of outpatient portal use
among this subsample of individuals, listed by pregnancy
risk group and trimesters. Table S1 in Appendix 3 demon-
strates that the Visits function was used more than two
times more than the MyRecord function (57% vs 25%,

respectively) among the entire population of pregnant indi-
viduals. This disparity in the use of these functions is very
different from the relatively even use that was seen in the
original sample. In addition, the Proxy function was occa-
sionally used among clusters and resulted in a new
“Proxy Users” cluster. The use of the Messaging function
was rarer among these individuals, resulting in the loss of
the “Intense Digital Engagers” entirely. Throughout all tri-
mesters during the COVID-19 pandemic, the “Schedulers”
and “Average Users” remained the largest, while the “Proxy
Users” and Results-oriented clusters remained the smallest.
These trends continue, though not as clearly, when examin-
ing clusters among individuals with a normal pregnancy
and individuals with a high-risk pregnancy.

Discussion

Principal results

We performed cross-sectional and temporal analyses that
characterized outpatient portal use among pregnant indivi-
duals and identified profiles of outpatient portal user
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Movement of Clusters Among All Pregnancies

Average Users : 3514 (46%)

Average Billers : 2145 (28%)

Average Users : 3473 (45%)

S
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Average Users : 1278 (170/‘

-
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-
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Intense Digital Engager

Non-Users:46 (1%)=

Figure &. Movement of clusters among all pregnancies, during the
number of women and percent of the total sample in each cluster.

groups based on the characteristics of outpatient portal use.
We explored differences in the characteristics and clusters
of outpatient portal use between individuals with normal
and high pregnancy-related risks in order to discern how
different patient populations engage with the outpatient
portal.

Regarding the characterization of outpatient portal use,
we discovered that pregnant individuals in our study pre-

dominantly used only four outpatient portal functions:

MyRecord, Visits, Messaging, and Billing. These

first, second, and third trimester. Cluster names are listed with the

individuals spent 55% of their sessions either using
MyRecord to check PHI or managing appointments using
Visits, while 20% of sessions were spent either contacting
providers using Messaging or managing payments for
care using Billing (Table 3). In addition, the median
number of sessions during which an individual used an out-
patient portal function plateaued between the second and
third trimesters among all pregnant individuals, suggesting
that they became more comfortable engaging with the out-
patient portal midway through a pregnancy. In comparison
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to Di Tosto et al., the patients in our study sample primarily
used the same four outpatient portal functions, though the
use of the Messaging function was far less common in
our study.” It is yet to be determined why these samples
differ so greatly in their usage of the Messaging function,
and it could be associated with departmental implementa-
tion and cultural artifacts that may contribute to how the
outpatient portal is used by patients and providers.'® '+ 1

With respect to the second objective of our study, we
were able to identify four unique clusters of outpatient
portal users (“Schedulers,” “Resulters,” “Intense Digital
Engagers,” and “Average Users”), though these were not
entirely consistent across trimesters. These clusters can be
used to guide and drive future hypothesis generation
related to portal use and associated outcomes. Health care
teams may also hope to identify such users within their
patient population in order to provide more comprehensive,
balanced outpatient portal training to address any gaps in
learning among users.

Temporal change among the proportions of function use,
which served as the foundation for clustering, was not
uncommon, as every cluster experienced at least a 15%
change in its sample of patients during the second and
third trimesters (Appendix 1, Tables S3-S4). Individuals
in our largest clusters were engaging with a variety of dif-
ferent outpatient portal functions over time. For instance,
45% of “Average Users” in the second trimester came
from a different first-trimester cluster, and 79% of third-
trimester “Average Users” came from a different cluster.
These users may have been unfamiliar with the outpatient
portal at baseline, and could benefit from reinforcing out-
patient portal training early in their period of use in order
to ensure broad engagement with the tool. Individuals
who were “Intense Digital Engagers” during the second
and third trimesters were among the most consistent out-
patient portal users in terms of proportions of use, as
these clusters frequently saw the least percent change
within their sample of patients. The “Schedulers” also
saw low turnover between the second and third trimesters.
These results suggest that few users began their outpatient
portal use with a strong baseline preference, and might
greatly benefit from outpatient portal training and exposure.
It is not clear if the preferences developed between the
second and third trimesters are based on prior experience
with the outpatient portal, nor what clinical implications
may be associated with this type of outpatient portal use.

There were notable consistencies among certain clusters
across the trimesters with regards to sessions of outpatient
portal use per pregnancy and race-ethnicity of pregnant
individuals. Across all trimesters, the Results- and
Messaging-oriented clusters had a low number of sessions
per pregnancy, while the “Schedulers” had high session
counts per pregnancy (Figure 3; Appendix 1, Figures S2—
S4). These clusters with more sessions per pregnancy had
a higher percentage of non-Hispanic Black individuals,

and a lower percentage of non-Hispanic White individuals
compared to the clusters that had fewer sessions of out-
patient portal use per pregnancy. Our results indicate an
association between a pregnant individual’s race-ethnicity
and her use of the outpatient portal, such that a pregnant
individual using the outpatient portal to schedule and
monitor in-person appointments with her provider is more
likely to use the outpatient portal more often and to be a
non-Hispanic Black individual compared to the typical
user. In contrast, a pregnant individual who uses the out-
patient portal to check lab results and digitally message
with her provider is more likely to use the outpatient
portal less often and to be a non-Hispanic White individual
compared to the typical user. These results support previous
research that demonstrated African American/Black users
look at their results in a patient portal less often compared
to White users.®® Future work could determine whether
these racial disparities in outpatient portal use are driven
by the health literacy of individuals in these clusters,
which would add to research examining a digital divide
among pregnant users of patient portals.'>

Comparison with prior work

In comparison to previous studies utilizing a clustering
algorithm to identify groups of patient portal users, our
study identified only four clusters among the entire
sample while Jones et al. profiled eight electronic patient
portal users and Fareed et al. identified five clusters of
inpatient portal users.”® %’ All studies were able to identify
clusters of users who primarily used functions related to
monitoring schedules and results, though the remaining
clusters were quite different. For instance, since Fareed
et al. defined clusters based on inpatient portal use, the
remaining clusters were defined by the use of functions
that were not available in the outpatient portal (e.g.
“Getting Started” and “Dining on Demand” functions).
These inpatient users likely engaged with this portal in a
different manner given their proximity to clinical staff
and hospital resources. While the clusters identified by
Jones et al. were based on the use of an electronic patient
portal that allowed users to perform similar functions (e.g.
review labs, secure messaging, and manage appointments),
they identified a greater variety of clusters that were typic-
ally smaller in size. Clusters unique to their study included
those defined by their frequency and duration of use (i.e.
“eDabblers” and “Infrequent, intense users”) and those
who used unique settings offered within the portal (i.e.
“Proxy moms” and “Record updaters”).

Unexpectedly, the frequency of portal function use was
quite similar among normal pregnancy and high-risk preg-
nancy individuals (Table 3). However, this supports previ-
ous research that found no difference in the likelihood of
engaging with a secure messaging portal when comparing
individuals with and without a high-risk pregnancy,
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which was defined using various clinical characteristics.'®
In regards to our temporal analysis of outpatient portal
use, high-risk pregnancy individuals demonstrated a signifi-
cantly greater median outpatient portal function use per tri-
mester when compared to normal pregnancy individuals
(Figures 1 and 2). In contrast to the findings from Ukoha
et al., these results, and those from a recent study34
suggest that high-risk pregnancy individuals may engage
with various outpatient portal functions more than their
counterparts with a normal pregnancy over time.
Therefore, it may be useful to consider the use of multiple
outpatient portal functions when examining differences
between pregnancy risk groups rather than looking at the
use of a messaging-oriented function alone.

The primary difference between the clusters of pregnancy
risk groups is that there were more clusters of outpatient
portal users among high-risk pregnancy individuals than
normal pregnancy individuals. In comparison to normal
pregnancy individuals, high-risk pregnancy individuals
may be more inquisitive in their use of the outpatient
portal in that they engage with and explore the outpatient
portal through diverse interactions with the outpatient
portal functions, resulting in a wider variety of combined out-
patient portal function uses. These individuals also use the
portal more frequently according to median use per trimester.
We have yet to determine why high-risk pregnancy indivi-
duals may use an outpatient portal differentially, though pre-
vious research indicates that the complexity of their
pregnancy may intensify their inclination to engage with
their health using the outpatient portal and diminish their per-
ception of barriers to outpatient portal use.>

Our results add to the foundation of research that sug-
gests outpatient portal use is highly heterogeneous.?® %’
We were able to identify unique clusters of outpatient
portal users among an understudied population, based on
differences in proportions of outpatient portal function
use, median outpatient portal use per trimester and patient
characteristics such as race and ethnicity. Future studies
might benefit from our work if they intend to explore
whether such patterns of outpatient portal use could influ-
ence the patient quality and clinical outcomes. For instance,
it could be helpful to know if obstetrics and gynecology or
maternal-fetal medicine teams are retaining individuals
who primarily use the Visits function more than individuals
in other clusters. In addition, providers might be interested
in whether medication adherence is greater among high-risk
pregnancy individuals who frequently track their lab results
using the MyRecord function compared to those who check
these infrequently. Such knowledge could influence health
care teams and centers to provide further training on out-
patient portal use for both providers and patients. It
would also be beneficial for future work to examine
whether there are qualitative themes of outpatient portal
use, rather than quantitative alone, that might help expand
our understanding of outpatient portals as a beneficial tool

in the effort to improve quality and possibly clinical
outcomes.

Limitations

Our study is not without limitations. First, the generalizabil-
ity of our study is somewhat limited given that it was per-
formed using data from users of the single outpatient
portal at a single academic medical center. Nevertheless,
our work adds to the larger picture of outpatient portal
use among pregnant individuals. Next, a portion of our
study timeframe overlapped with the COVID-19 pandemic,
which forced our academic medical center to rapidly transi-
tion the majority of their care to the outpatient setting with
the understanding that the outpatient portal would be used
more frequently to engage with patients. We performed a
final cluster analysis among individuals who only used
the outpatient portal between 1/1/2020 and 8/1/2020 in
order to determine how clusters of outpatient portal use
during the COVID-19 pandemic differed from those in
our original sample. Second, we only utilized one clustering
algorithm (i.e. hierarchical clustering) to identify groups of
outpatient portal users. While k-means clustering is a com-
monly employed algorithm, we were not able to use this
method given our lack of a priori information regarding
the types of outpatient portal users within this patient popu-
lation. Given the clusters we have now identified, future
research could explore the optimal clustering algorithm
for use on this data set. Finally, the number of individuals
with a normal pregnancy may be inflated as there could
be individuals who were referred to but did not visit with
maternal-fetal medicine for a suspected high-risk. Future
studies may be able to identify additional individuals with
a high-risk pregnancy if they can successfully track referrals
and subsequent visits.

Conclusion

In conclusion, characterizing outpatient portal use and iden-
tifying profiles of outpatient portal user groups among preg-
nant individuals demonstrates how specific patient
populations might engage with their health. We were able
to identify distinct cluster groups of outpatient portal
users among pregnancy groups, which underscores the
importance of avoiding the use of generalizations when
describing how patients in this population of pregnant indi-
viduals might engage with patient-facing technologies such
as an outpatient portal. These results can be used to improve
user experience and training with outpatient portal func-
tions and may educate obstetrics and gynecology and
maternal-fetal medicine providers on patient engagement
with the outpatient portal.
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