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Abstract

Background: Electronic health record–linked portals may improve health-care quality for patients with cancer. Barriers to portal
access and use undermine interventions that rely on portals to reduce cancer care disparities. This study examined portal access
and persistence of portal use and associations with patient and structural factors before the implementation of 3 portal-based inter-
ventions within the Improving the Management of symPtoms during And following Cancer Treatment (IMPACT) Consortium.

Methods: Portal use data were extracted from electronic health records for the 12months preceding intervention implementation.
Sociodemographic factors, mode of accessing portals (web vs mobile), and number of clinical encounters before intervention imple-
mentation were also extracted. Rurality was derived using rural-urban commuting area codes. Broadband access was estimated
using the 2015-2019 American Community Survey. Multiple logistic regression models tested the associations of these factors with
portal access (ever accessed or never accessed) and persistence of portal use (accessed the portal �20weeks vs �21weeks in the 35-
week study period).

Results: Of 28 942 eligible patients, 10 061 (35%) never accessed the portal. Male sex, membership in a racial and ethnic minority
group, rural dwelling, not working, and limited broadband access were associated with lower odds of portal access. Younger age and
more clinical encounters were associated with higher odds of portal access. Of those with portal access, 25% were persistent users.
Using multiple modalities for portal access, being middle-aged, and having more clinical encounters were associated with persistent
portal use.

Conclusion: Patient and structural factors affect portal access and use and may exacerbate disparities in electronic health record–
based cancer symptom surveillance and management.

The electronic health record (EHR) has become an essential part
of health care. In the United States, the use of EHRs has prolifer-
ated thanks to the Patient Protection and Affordable Care Act,
which included incentives for health-care professionals and hos-
pitals to adopt EHR systems to improve the quality, safety, and
efficiency of health care; reduce health-care disparities; and
engage patients and families in their care. Importantly, EHRs
offer patients information related to their care and condition and
allow for scheduling and tracking health-care visits, viewing test

results, managing medications, and communicating with their
health-care team through patient portals (1-3).

Patient portal use has been associated with greater patient
satisfaction and adherence to medical treatments (2,4). More
recently, patient portals facilitate integration and collection of
electronic patient-reported outcome measures, with responses
and scores being directly integrated into the EHR system (5), ena-
bling health-care teams to assess and monitor patient symptoms
and functioning. Electronic patient-reported outcome measures
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are a critical component of delivering high-quality cancer care (6)
and associated with survival (7).

Understanding characteristics associated with patient access
to and use of portals is critical to inform strategies to overcome
access-based disparities and improve health-care delivery across
the cancer continuum. Because patient portals allow for remote
access to and information about care, they may also provide
opportunities to reduce cancer care disparities by facilitating
patient access to medical information and enabling them to
manage their care remotely at their convenience. If dispropor-
tionate numbers of patients from certain subgroups do not
access patient portals or use them infrequently, however, it is
possible that timely information or optimal communication
about their care is disrupted, resulting in persistent or even wid-
ening cancer care disparities (8,9). Prior studies have shown that
younger White patients (10), those living in urban areas (11), and
those who are healthier and privately insured are more likely to
be frequent portal users (12). Those less likely to use patient por-
tals include patients from low socioeconomic backgrounds (9);
patients who lack awareness about the potential benefits of por-
tal use or have data privacy concerns (13); and patients with lim-
ited digital capacity, such as internet access only by smartphone,
limited smartphone data plans, lack of broadband at home, and
low technological skill or difficulties using technology (3).
Primary care patients with greater health-care needs are also less
likely to enroll in patient portals, but once enrolled, they become
frequent users (14), suggesting that patients with more opportu-
nities to interact with the health-care system may have more
reasons to use the portal over time to manage their care. It is
unclear, however, whether this pattern is also true among
patients with cancer. Furthermore, the literature on portal use
among oncology patients has been limited by cross-sectional
studies (3,13) or studies with small sample sizes (12), underscor-
ing the need for more longitudinal research in this area.

The current study examines associations of portal access and
persistence of portal use by patient and structural factors in a
large research consortium designed to capture and manage can-
cer symptoms. Funded by the National Cancer Institute through
the Cancer Moonshot, the Improving the Management of
symPtoms during And following Cancer Treatment (IMPACT)
consortium is composed of 3 research centers, representing 8 US
health-care systems and 1 coordinating center. IMPACT’s goal is
to develop and test EHR-delivered cancer symptom surveillance
and management systems designed to capture and manage can-
cer symptoms in pragmatic clinical trials. Symptoms are
assessed and interventions coordinated through the patient por-
tal, with clinical decision support tools and other clinical
responses provided through EHRs to adults during and following
cancer treatment. All trials have institutional review board
approval and are registered on ClinicalTrials.gov.

Data from the IMPACT research centers provide a unique
opportunity to identify potential barriers and opportunities to
improve portal access and use before the implementation of the
IMPACT interventions. We explored whether patient demo-
graphic and clinical factors, extracted from the EHR system, and
structural factors (ie, rurality, broadband access) were associated
with portal use. Additionally, we were interested in whether cor-
relates of portal access differed from correlates of persistent por-
tal use. We also examined the number of clinical encounters to
assess the direct and indirect effects that health-care utilization
had on study outcomes.

Methods
Research centers
Data were drawn from EHRs at all 3 IMPACT research centers:
Enhanced, EHR-facilitated Cancer Symptom Control (E2C2) at
Mayo Clinic; Northwestern University IMPACT (NU IMPACT) at
Northwestern Memorial HealthCare; and Symptom Management
Implementation of Patient Reported Outcomes in Oncology
(SIMPRO), representing 6 distinct health systems. Details of each
research center’s protocol are found elsewhere (15-18).

In brief, the E2C2 pragmatic trial tested the effectiveness of
routine, periodic, EHR-delivered symptom surveillance using
electronic patient-reported outcome measures captured through
the patient portal, tablets in clinic waiting rooms, or by interac-
tive voice response. Monitoring was paired with symptom care
manager–led collaborative care and multicomponent cancer
symptom management to improve symptom burden, physical
function, and health-care utilization. Secondary objectives
included identifying implementation strategies that enhance fea-
sibility, adoption, reach and designing and adapting tools to sup-
port scaling evidence-based interventions for symptoms and
impaired physical function in diverse populations with any type
of cancer.

NU IMPACT tested the effectiveness and implementation of
an EHR-integrated cancer symptom monitoring program that
included symptom measures and supportive oncology care needs
checklist items. In the embedded patient-level randomized trial,
usual care was compared with an enhanced care condition to
increase patient self-efficacy regarding symptom management.
Elevated scores and patient-endorsed care needs prompted clini-
cal alerts through EHR in-basket messages to designated clini-
cians. NU IMPACT provided tools in English and Spanish and will
examine patient clinical outcomes, health-care utilization, can-
cer treatment delivery, and implementation outcomes.

The SIMPRO research center has developed and is evaluating
its own electronic symptom surveillance and management sys-
tem in medical and surgical oncology treatment settings within 6
health systems (Baptist Health System, Dana-Farber Cancer
Institute, Dartmouth Hitchcock Medical Center, Lifespan Health
System, Maine Medical Center, and West Virginia University).
Primary endpoints included rates of emergency care for symp-
tom management and hospital readmission following postsurgi-
cal discharge. Secondary endpoints were changes in symptom
burden over time and patient experiences, with exploratory end-
points of treatment duration or delays.

Patient inclusion criteria for interventions at each research
center varied by the cancer sites targeted, phase of cancer treat-
ment or survivorship status, and cancer symptoms captured by
electronic patient-reported outcome measures (19). Therefore,
research centers were included as a control variable in all models
to account for these differences.

Sampling and study period
Retrospective data were from adult patients receiving cancer
care at 1 of the participating health systems. The look-back
period for data collection on portal activity and health encoun-
ters was 365days before intervention implementation (Figure 1).
Inclusion criteria for this study included adult cancer patients
with a clinical encounter for any purpose in the health system
between 365 and 305days before the start of the intervention.
This 60-day period enabled us to examine data from established
patients in the health system who already had the opportunity to
enroll in and use the patient portal before the start of the
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intervention. We fixed the end of the observation period as
60days before the intervention started to capture patient portal
access and use unrelated to start-up activities associated with
the intervention’s commencement, resulting in an observation
period of 245days (35weeks).

Data sources and measures
The IMPACT coordinating center harmonized patient and utiliza-
tion data extracted from EHRs at the research centers as of
February 2022. The coordinating center derived structural-level
variables for consortium-wide analyses. The dataset used for this
analysis was an interim dataset created midway through the
research center studies. This dataset therefore represented a
subsample of the full consortium dataset, available after comple-
tion of the IMPACT interventions.

Outcome variables
Two dichotomous outcomes were assessed for this study: portal
access and persistence of portal use. Portal access was defined as
either no preintervention login to the portal (coded as 0) or any
preintervention login to the portal (coded as 1) before implemen-
tation. Cumulative logins, defined as an aggregate number of log-
ins, could include spurts of high-frequency use over a short
period that would not indicate persistent use across the cancer
continuum (20). Therefore, persistence of portal use, our second
outcome, defined as the number of weeks a patient logged in to
the portal for any reason during the 35-week preintervention
study period, was used instead of cumulative logins; persistence
was assessed only among those with any preintervention portal
access. Our objective was to look at the proportion of patients
who were above a certain threshold and could be considered per-
sistent portal users. We defined infrequent users (coded as 0) as
those who logged in to the portal at least once during the first 20

weeks and persistent users (coded as 1) as those who logged in at

least once during weeks 21 through 35. Therefore, persistent

users, on average, logged on nearly once every 2 weeks. They rep-

resented the upper quartile of the distribution.

Explanatory variables
Potential patient-level variables accounting for disparities in por-

tal access and persistent use included age at study initiation, sex,

race and ethnicity, employment, mode of access to the portal

(web, mobile, both), and number of clinical encounters.
Structural variables potentially associated with differences in

outcomes included adequate broadband access and rurality.

Estimated using 2015-2019 American Community Survey data

matched to patient zip codes, patient residence was classified as

being in a community with high (�85% of households) or low

(<85% of households) broadband access, specifications consis-

tent with eligibility criteria for federal rural broadband loans

available at the time of data collection (21). Rural-urban com-

muting area codes were used to classify degree of rurality (ie,

metropolitan, codes 1-3; micropolitan, codes 4-6; rural, codes 7-

10) from the patient’s zip code. We also accounted for other

patient factors potentially associated with portal access and per-

sistent use—specifically, other health conditions under treat-

ment or monitoring that could result in portal messages to

clinicians, appointment scheduling, or viewing test results. A

complete list of all health conditions for each patient in the pre-

intervention period was not available in this dataset; therefore,

number of health-care encounters was used as a proxy. The

number of clinical encounters was calculated from the total

number of distinct days each patient had a qualifying encounter

during the study period. Qualifying encounters included emer-

gency department visits, outpatient visits, and inpatient stays.

Pre-Trial Study Observa�on Period

B  Pa�ent 1

C  Pa�ent 2

Portal 
login

Day –335

365 days
preinterven�on

(Day –365)

Interven�on (I)
ini�a�on
(Day 0)

60 days
preinterven�on

(Day –60)

Day –230

Preinterven�on
recruitment 

ac�vi�es

A  Study 
observa�on 

period

305 days
preinterven�on

(Day –305)

Encounter 
required in this 

60-day period for 
study inclusion

245-day (35 week) study observa�on period

Portal 
login

Day –30

Portal 
logins

Portal 
login

Days –180 
and –175

Portal 
login

Day –120

Figure 1. Study observation period compared with preintervention data-collection timeline. The top line (A) shows the 245-day (35-week) study
observation period (in red) compared with the 365-day preintervention timeline for which encounter data and portal logins the research centers
collected for their Improving the Management of symPtoms during And following Cancer Treatment trials. The top line also shows the 60-day period
when an encounter was required for study inclusion. The middle line (B) shows a patient with 4 portal logins during the observation period in 3
different weeks. This patient was counted as having 3weeks of portal logins out of the 35-week observation period. The bottom line (C) shows a patient
with 2 portal logins, but both were outside the study observation period. This patient was counted as having no portal logins out of the 35-week
observation period.
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Number of encounter days was then categorized as 0 to 5, 6 to 10,
11 to 20, 21 to 30, and more than 30.

Analysis strategy
Patient-level and structural-level variables were summarized as
frequencies and percentages for categorical variables and means
(SD) or medians (interquartile range) for continuous variables. We
used separate multivariable logistic regression models to deter-
mine which factors were independently associated with portal
access and persistence of portal use in the preintervention period.
Results from the logistic regressions are presented as adjusted
odds ratios (AORs) with corresponding 95% confidence intervals
(CIs), with 2-sided type-3 P values for overall association. Due to
the exploratory and hypothesis-generating approach of this study,
no adjustment for multiple testing was applied. To minimize the
chance of obtaining spurious significant findings, however, P¼ .01
was the a priori threshold for statistical significance.

Variables evaluated in both models were age category, gender,
race, ethnicity, employment, health-care encounter days, rural-
ity, and community broadband access (>85% or not). For persis-
tence of portal use, mode of access to the portal was also added
to the model. Sex, race, and encounter days were initially
included as interaction terms to explore potential effect modera-
tors, but none of these interactions was statistically significant
(data not shown). Because research centers varied by interven-
tion design, study populations, and time elapsed since the health
system offered an EHR-linked portal, analyses controlled for
research center effects. All models were adjusted by research
center to control for other potential intercenter differences.
Statistical analyses were conducted using SAS, version 9.4, statis-
tical software (SAS Institute Inc, Cary, NC).

Results
Of the 53745 patients with cancer in the IMPACT Consortium
data, 28 942 met inclusion criteria (E2C2¼22 475, SIMPRO¼4141,
NU IMPACT¼2326). Those excluded could not be verified as
patients in the health system during the entire preintervention
period (eg, did not have an early preintervention encounter)
(96.3%), did not have data that allowed for linkage to broadband
access (<0.7%), or had incomplete covariate data from the EHR
(<3%).

As shown in Table 1, more than half of the sample was older
than 65 years of age and included more women than men. The
majority of participants identified as White non-Hispanic or
Latino, and more than half were retired and living in a metropoli-
tan zip code. More than 40% of patients lived in zip codes where
at least 85% of households were estimated to have broadband
access.

More than one-third (35%) of patients did not access the
patient portal in the preintervention study period (Table 2).
Compared with patients older than 66 years of age, patients
younger than 40years (AOR¼ 2.56, 95% CI¼ 2.21 to 2.98) and
patients between 40 and 65 years (AOR¼ 1.81, CI¼ 1.68 to 1.97)
had higher odds of having any portal access. Men had lower odds
than women (AOR¼ 0.85; 95% CI¼ 0.80 to 0.89). Compared with
White patients, Black or African American patients (AOR¼ 0.38;
95% CI¼0.32 to 0.44) and patients of other races (AOR¼0.55,
95% CI¼ 0.44 to 0.68) had lower odds of having any portal access.
Similarly, those who identified as Hispanic had lower odds
(AOR¼0.72, 95% CI¼0.59 to 0.90) of portal access than non-
Hispanic patients. Patients not working for pay (AOR¼ 0.41, 95%
CI¼0.38 to 0.45) and those who had retired (AOR¼ 0.64, 95%

CI¼ 0.59 to 0.70) also had lower odds of any portal access than
employed patients. Those living in rural areas had lower odds of
any portal access than those in metropolitan areas (AOR¼ 0.9,
95% CI¼0.84 to 0.97), and those living in areas with lower access
to broadband had lower odds of portal access than those in areas
with higher access to broadband (AOR¼0.72, 95% CI¼ 0.67 to
0.76). Patients with more encounters also had higher odds of por-
tal access, such that with each increased increment of days with
encounters during the preintervention period, the odds of portal
access increased monotonically. For example, compared with
patients with 0 to 5days of encounters, those with 6 to 10
encounters had approximately 70% higher odds of portal access.

Persistent portal users represented 25% (n¼ 4739) of those
who logged in to the portal (n¼18881) during the preintervention

Table 1. Patient, structural, and research center characteristics
of the study population

Study variable
Total, No. (%)
(N¼28942)

Accessed portal during study period
No 10 061 (34.8)
Yes 18 881 (65.2)

Persistence of portal use
<21wk active 14 142 (74.9)
�21wk active 4739 (25.1)

IMPACT research center
E2C2 22 475 (77.7)
NU IMPACT 2326 (8.0)
SIMPRO 4141 (14.3)
Patient-level characteristics
Age, y

18 to <40 1490 (5.1)
40-65 11 934 (41.2)
>65 15 518 (53.6)

Employment
Employed 9 854 (34.0)
Not working for pay or other 4 113 (14.2)
Retired 14 975 (51.8)

Ethnic identification
Hispanic or Latino 495 (1.7)
Non-Hispanic or Latino 28 447 (98.3)

Sex
Female 17 503 (60.5)
Male 11 439 (39.5)

No. of days patient had a qualifying
encounter in the 35-wk study period
0-5 10 991 (38.0)
6-10 5856 (20.2)
11-20 6018 (20.8)
21-30 2808 (9.7)
>30 3269 (11.3)

Racial identificationa

Asian 398 (1.4)
Black or African American 691 (2.4)
White 27 415 (94.7)
Other 438 (1.5)

Structural-level characteristics
Broadband access

<85% of neighborhood 17 239 (59.6)
�85% of neighborhood 11 703 (40.4)

Residence
Metropolitan/urban 16 365 (56.5)
Micropolitan/large rural 5127 (17.7)
Small town/small rural/rural 7450 (25.7)

a Other race included American Indian, Native Hawaiian/Pacific Islander,
and those who self-identified as other. E2C2¼Enhanced, EHR-facilitated
Cancer Symptom Control; EHR¼ electronic health record;
IMPACT¼ Improving the Management of symPtoms during And following
Cancer Treatment; NU IMPACT¼Northwestern University IMPACT;
SIMPRO¼SymptomManagement Implementation of Patient Reported
Outcomes in Oncology.
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period (Table 3). In adjusted models, the odds of persistent use

were lower among those who used only mobile phones to access

the portal than among web-only users (AOR¼0.82, 95% CI¼0.69

to 0.96) and higher among those who used both modes of access

(AOR¼1.87, 95% CI¼ 1.72 to 1.03). Middle age was also associated

with higher odds of persistent use than older age (AOR¼1.27,

95% CI¼1.13 to 1.43). Much like the findings with portal access,

patients with more encounters had a dose-response relationship

with persistent portal use. For example, compared with those

with 0 to 5 encounters, those with 6 to 10 encounters had more

than 300% higher odds of persistent portal use.

Discussion
Investigating factors associated with portal access and persistent

portal use can help identify target patient populations for inter-

ventions to achieve consistent portal use among adult patients

with cancer. In addition to the communication, scheduling, and

monitoring benefits associated with portals, portal access and

increased portal use can improve the likelihood that patients

answer electronic patient-reported outcome measures, which

may improve cancer symptom surveillance by triggering timely

intervention strategies. Findings from this large, multisite sample
of patients with cancer before the launch of a routine cancer

symptom surveillance and management intervention indicated
that patient-level and structural-level characteristics are associ-
ated with patient portal access and persistence of portal use. Our
data suggest opportunities for more directed approaches based
on underlying characteristics to support and improve patient
engagement in EHR-linked portals.

We observed that older age, male sex, membership in a racial
or ethnic minority group, rural dwelling, not working for pay or
being retired, and living in an area with limited broadband access

were statistically significantly associated with lower odds of por-
tal access. Our findings support those of previous studies on dis-
parities in patient portal enrollment and provide additional
evidence that subgroups are more likely to benefit from support
to register and use the patient portal. For example, previous stud-
ies have shown that young White patients with cancer are more
likely to enroll in the patient portal (10,22), while patients who
are older, Black or African American, Hispanic or Latino, not liv-
ing with a partner, and male are less likely to enroll (23). We
revealed that the number of patient encounters increased the

odds of portal access. Patients with more medical encounters

Table 2. Comparison of patient, structural, and research center characteristics by portal access and associated adjusted odds ratios for
accessing the portal at least once during the 35-week preimplementation study perioda

Patient, structural, and research
center factors (N¼28942)

Did not access portal,
No. (%) (n¼10061)

Accessed portal at least once,
No. (%) (n¼18881) Overall Pb

Adjusted odds ratio
(95% confidence interval)

Patient-level characteristics
Age, y <.0001

18 to <40 331 (3.3) 1159 (6.1) 2.56 (2.21 to 2.98)f

40-65 3276 (32.6) 8658 (45.9) 1.81 (1.68 to 1.97)f

>65 6454 (64.1) 9064 (48.0) (Referent)
Employment <.0001

Employed 2312 (23.0) 7542 (39.9) (Referent)
Not working for pay or other 1607 (16.0) 2506 (13.3) 0.41 (0.38 to 0.45)f

Retired 6142 (61.0) 8833 (46.8) 0.64 (0.59 to 0.7)f

Ethnic identification .003
Hispanic or Latino 196 (1.9) 299 (1.6) 0.72 (0.59 to 0.9)d

Non-Hispanic or Latino 9865 (98.1) 18 582 (98.4) (Referent)
Sex <.0001

Female 5781 (57.5) 11 722 (62.1) (Referent)
Male 4290 (42.5) 7159 (37.9) 0.85 (0.8 to 0.89)f

No. of days with qualifying encounters
in 35-wk study period

<.0001

0-5 4581 (45.5) 6410 (33.9) (Referent)
6-10 1873 (18.6) 3963 (21.1) 1.69 (1.58 to 1.81)f

11-20 1869 (18.6) 4149 (22.0) 1.88 (1.75 to 2.02)f

21-30 831 (8.3) 1977 (10.5) 2.09 (1.91 to 2.3)f

>30 907 (9.0) 2362 (12.5) 2.33 (2.13 to 2.55)f

Racial identificationc <.0001
Asian 128 (1.3) 270 (1.4) 0.82 (0.65 to 1.03)
Black or African American 332 (3.3) 359 (1.9) 0.38 (0.32 to 0.44)f

White 9403 (93.5) 18 012 (95.4) (Referent)
Other 198 (2.0) 240 (1.3) 0.55 (0.44 to 0.68)f

Structural characteristics
Broadband access <.0001

<85% of neighborhood 6843 (68.0) 10 396 (55.1) 0.72 (0.67 to 0.76)f

>85% of neighborhood 3218 (32.0) 8485 (44.9) (Referent)
Residence .01

Metropolitan/urban 4984 (49.5) 11 381 (60.3) (Referent)
Micropolitan/large rural 1989 (19.8) 3138 (16.6) 0.97 (0.9 to 1.04)
Small town/small rural/rural 3088 (30.7) 4362 (23.1) 0.9 (0.84 to 0.97)d

a All models were adjusted for research center.
b Threshold for statistical significance was P< .01.
c Other race included Native American, Native Hawaiian/Pacific Islander, and those who self-identified as other.
d P< .01.
e P< .001.
f P< .0001.
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may have more opportunities to enroll in and use the portal and
be more likely to use the portal to review test results or send
questions to clinicians related to their recent encounter.

Providing training on portal use and information about portal
security features as well as allaying concerns about potential
costs that the health-care systems charge for requesting services
through the portal may improve portal activity (24). In previous
studies, these types of efforts have led to portal enrollment and
persistent use (9). Tailoring efforts to encourage portal use not
solely for self-management but also to provide patient education
about the benefits relative to other options (eg, secure messaging
vs calling) (24) may help initiate and increase portal use.

In contrast to the significant associations between patient-
level and structural-level variables and portal access, male sex,
racial minority status, Hispanic or Latino ethnicity, employment
status, and rurality were not statistically associated with persis-
tence of portal use, suggesting that once these patients are estab-
lished and initiate portal access, they have fewer barriers to
continued engagement. Consistent with the literature, we also

found that patients using multiple modes (web-based and
mobile-based platforms) to access the portal had statistically
greater odds of persistent portal use (25). As patient portals
increasingly become a ubiquitous part of cancer care delivery
(2,5), the differences observed in digital access may exacerbate
disparities between patients who are more digitally connected
and have greater comfort using technology and those without
access or access only with mobile technology, which makes navi-
gating online patient information more difficult (26,27).
Therefore, EHR-enabled interventions such as those the IMPACT
research centers deployed should continue to provide alternative
modes of data collection, such as in-clinic tablets, paper-based
forms, and interactive voice response systems, as stop-gap meas-
ures for those less likely to use the patient portal.

This study also has limitations. Information about marital sta-
tus, educational attainment, English language proficiency, insur-
ance status, complete lists of comorbidities, income, digital
literacy, patient attitudes about the portal, reasons for portal
use, portal registration, individual-level access to broadband,

Table 3. Comparison of patient, structural, and research center characteristics by persistence of portal use (accessed the portal
�20weeks vs �21weeks) and associated adjusted odds ratios for persistent portal use during the 35-week preimplementation study
perioda

Patient, structural, and research
center factors (N¼18881)

No. of weeks �20,
No. (%) (n¼14142)

No. of weeks �21,
No. (%) (n¼4739) Overall Pb

Adjusted odds ratio
(95% confidence interval)

Patient-level characteristics
Age, y .0002

18 to <40 879 (6.2) 280 (5.9) 1.21 (0.99 to 1.46)
40-65 6390 (45.2) 2268 (47.9) 1.27 (1.13 to 1.43)f

>65 6873 (48.6) 2191 (46.2) (Referent)
Employment .1

Employed 5740 (40.6) 1802 (38.0) (Referent)
Not working for pay or other 1737 (12.3) 769 (16.2) 0.91 (0.8 to 1.02)
Retired 6665 (47.1) 2168 (45.7) 1.05 (0.93 to 1.18)

Ethnicity .6
Hispanic or Latino 205 (1.4) 94 (2.0) 1.07 (0.78 to 1.47)
Non-Hispanic or Latino 13937 (98.6) 4645 (98.0) (Referent)

Sex .2
Female 8806 (62.3) 2916 (61.5) (Referent)
Male 5336 (37.7) 1823 (38.5) 1.05 (0.97 to 1.13)

No. of days with qualifying encounter <.0001
0-5 6001 (42.4) 408 (8.6) (Referent)
6-10 3241 (22.9) 742 (15.7) 3.75 (3.28 to 4.29)f

11-20 2727 (19.3) 422 (30.0) 9.36 (8.25 to 10.64)f

21-30 1085 (7.7) 892 (18.8) 16.5 (14.27 to 19.11)f

>30 1088 (7.7) 1274 (26.9) 24.86 (21.6 to 28.68)f

Race .1
Asian 199 (1.4) 71 (1.5) 0.95 (0.69 to 1.31)
Black or African American 242 (1.7) 117 (2.5) 0.73 (0.56 to 0.95)
White 13538 (95.7) 4474 (94.4) (Referent)
Otherc 163 (1.2) 77 (1.6) 1.11 (0.78 to 1.58)

Structural characteristics
Broadband access .03

<85% of neighborhood 8059 (57.0) 2337 (49.3) 0.9 (0.82 to 0.98)
>85% of neighborhood 6083 (43.0) 2402 (50.7) (Referent)

Mode of access <.0001
Both 5130 (36.3) 2468 (52.1) 1.87 (1.72 to 2.03)f

Mobile 1579 (11.2) 243 (5.1) 0.82 (0.69 to 0.96)d

Web 7433 (52.6) 2028 (42.8) (Referent)
Residence .7

Metropolitan/urban 8235 (58.2) 3146 (66.4) (Referent)
Micropolitan/large rural 2458 (17.4) 680 (14.3) 1.02 (0.91 to 1.14)
Small town/small rural/rural 3449 (24.4) 913 (19.3) 0.97 (0.87 to 1.09)

a All models were adjusted for research center.
b Threshold for statistical significance was P< .01.
c Other race included Native American, Native Hawaiian/Pacific Islander, and those who self-identified as other.
d P< .01.
e P< .001.
f P< .0001.
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and caregiver or proxy use of the patient portal were not avail-
able. Clinical variables, such as cancer type, phase, and stage
during the preintervention period, for those whose cancer was
diagnosed before the interventions, were not fully available.
Similarly, symptom severity and functional status impairments
were not available in this cohort; future research should investi-
gate whether repeated portal engagement is associated with
improved symptom severity or patient satisfaction. Finally,
despite large sample sizes, our study population was predomi-
nately White and non-Hispanic; therefore, even with a sample
size large enough to test interactions, results may not be general-
izable.

This study has several notable strengths, as well. Our diverse
sample was drawn from 8 health-care systems in major metro-
politan, suburban, and rural areas in the United States. In con-
trast to other studies, our large, well-characterized sample
enabled us to examine the effects of employment status, area-
level broadband access, and portal access mode and provided the
statistical power to test interactions. Our study addressed gaps in
the previous literature that have focused on portal enrollment
rather than portal access (23) and used EHR data to assess out-
comes rather than patient self-report, which is subject to recall
bias (3,13). Finally, because the aggregate number of portal logins
to define portal use has been criticized as an unreliable indicator
of technology adoption (28), persistent portal use may provide a
more robust indicator of whether the technology is integrated
into patient self-management.

Increasing patient portal access and facilitating persistent,
routine portal use are critical to enhancing patient-centered care
as patient portals continue to become an integral aspect of can-
cer care delivery. We found significant patient-level and
structural-level factors associated with portal access and persis-
tence of portal use. Efforts to increase the uptake of routine EHR-
based symptom surveillance may benefit from efforts that focus
on targeting and tailoring engagement efforts to those sociode-
mographic groups least likely to enroll or be active in patient por-
tals and sustaining engagement over time.
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