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Abstract

Background: Health care delivery and patient satisfaction are improved when patients engage with their medical information
through patient portals. Despite their wide availability and multiple functionalities, patient portals and their functionalities are
still underused.

Objective: We seek to understand factors that lead to patient engagement through multiple portal functionalities. We provide
recommendations that could lead to higher patients’ usage of their portals.

Methods: Using data from the Health Information National Trends Survey 5, Cycle 3 (N=2093), we performed descriptive
statistics and used a chi-square test to analyze the association between the demographic variables and the use of mobile health
apps for accessing medical records. We further fitted a generalized linear model to examine the association between access type
and the use of portal functionalities. We further examined the moderation effects of age groups on the impact of access type on
portal usage.

Results: Our results show that accessing personal health records using a mobile health app is positively associated with greater
patient usage of access capabilities (β=.52; P<.001), patient-provider interaction capabilities (β=.24, P=.006), and patient–personal
health information interaction capabilities (β=.23, P=.009). Patients are more likely to interact with their records and their providers
when accessing their electronic medical records using a mobile health app. The impacts of mobile health app usage fade with
age for tasks consisting of viewing, downloading, and transmitting medical results to a third party (β=–.43, P=.005), but not for
those involving patient-provider interaction (β=.05, P=.76) or patient–personal health information interaction (β=–.15, P=.19).

Conclusions: These findings provide insights on how to increase engagement with diverse portal functionalities for different
age groups and thus improve health care delivery and patient satisfaction.

(J Med Internet Res 2022;24(12):e41972) doi: 10.2196/41972
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Introduction

Background
Increased collaboration between patients and providers in the
delivery of health care results in patient engagement and
ultimately patient satisfaction [1-4]. Thus, hospitals and medical
practices proactively involve patients in decision-making and

all other aspects of care by offering them access to their personal
health information (PHI) stored in electronic health records—a
health care provider–facing digital copy of patients' medical
records. Patients can access, share, and interact with both their
medical records and their providers through PHI management
tools, often called patient portals (hereinafter referred to as
“portals”) [5-10]. In the United States, portals are used to meet
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calls from the Office of the National Coordinator (ONC) to
provide patients with the capabilities to view, download, and
transmit (VDT) their records to a third party of their choice
[11,12]. Patients’ usage of VDT and other functionalities
(exchanging messages with providers, scheduling medical
appointments, etc) helps health care practitioners receive
financial incentives. However, health care practitioners must
meet qualifying usage thresholds set forth by the Promoting
Interoperability Programs of the US Centers for Medicare and
Medicaid Services [3,7,11]. Engagement with functionalities
of portals improves the quality of care delivery and patient
satisfaction [13-25]. Thus, understanding factors that lead to
patient engagement through the use of multiple portal
functionalities is warranted.

Portal usage remains low despite its benefits [7,9]. Several
studies have also shown that portal usage varies on the basis of
patients’ chronic disease and demographic statuses, such that
patients from ethnic minorities are less likely to access and
interact with their medical records electronically [6,26-31].
Previous research also shows that health information technology
characteristics, such as usability and convenience, influence the
use of portals [32-36]. A recent survey on consumers’ use of
mobile apps and mobile browsers showed that people spend
nearly 3 hours daily on mobile apps but less than an hour using
mobile browsers [37]. This trend aligns with prior research that
patients, including older patients, are interested in using mobile
apps [31-33]. The extent to which the convenience of mobile
health apps translates into the diversity of use of portal
functionalities has not been studied. Building on these studies
and using a nationally representative sample, we examine the
role of portal access type and mobile health app use on the
likelihood that patients of different age groups will use multiple
portal engagement functionalities. These functionalities include
VDT and tasks allowing users to interact with their PHI and
providers. We further examine which functionalities benefit
from each portal access type.

To the best of our knowledge, prior studies have not described
or examined factors that lead to the use of diverse capabilities
of portals in a nonintegrated context among patients using a
mobile health app. Understanding these factors could help
designers and health care practitioners facilitate both the
frequency and the breadth of the use of portal functionalities
by patients and also develop proper access-based intervention
for underused capabilities.

Engagement Functionalities and Patient Engagement
The ONC classifies portal engagement functionalities into 2
types based on their utility. The first type consists of capabilities
that allow patients to access their medical records to perform
VDT tasks. The second type of engagement functionality
includes capabilities that facilitate web-based interactions
between both patients and their providers and patients and their
PHI. For example, interaction functionalities include capabilities
such as secure messaging between the patient and provider,
refilling prescriptions, and amending personal records [11].
Since the use of functionalities depends in part on their utility,
the study adopts the ONC classification as well as the term
engagement functionalities to describe portal capabilities that

allow patients to (1) access their personal health information or
(2) interact with their providers and (3) interact with their data.
Similarly, we refer to patients’use of engagement functionalities
as patient engagement with their care in line with extant research
[3,7,11,36].

Our study examines the role of portal access type in promoting
patient engagement through the use of portal engagement
functionalities. We specifically hypothesize that patients
accessing their electronic medical records using a mobile health
app are more likely to participate in all 3 aspects of engagement:
VDT, patient-provider interaction (PPI), and patient-PHI
interaction (PPHI). We also propose that the effects of access
type on portal usage vary by functionality and age group.
Specifically, the intensity and the breadth of the use of
engagement functionalities differ on the basis of whether portal
users are younger than 65 years. This study controls for
demographic- and health-related behavioral variables.

Methods

Data Source and Study Population
We used data from the Health Information National Trends
Survey (HINTS) 5, Cycle 3, collected by the National Cancer
Institute between January and May 2019. HINTS 5 Cycle 3
surveys noninstitutionalized civilian US adults using a 2-stage
sampling design. Data were collected from 5438 respondents
out of 23,430 targeted addresses (overall response rate 30.3%)
[38]. The survey methods and detailed reports have been
published elsewhere [38-40]. HINTS data sets have been used
in the literature to study health-related behaviors, including
information seeking and sharing, patient-provider trust, and
HIT adoption and use in health care [34-36,41-43]. This study
focuses on patients who indicated on the survey questionnaire
whether they use a smartphone health app to access their
electronic medical records. We filtered survey responses to
exclude those who did not know whether they had used an app
and missing values for this parameter. The resulting sample
consisted of 2093 observations.

Variables

Predictor and Control Variables
The main predictor in this study was whether users accessed
their web-based medical records using a smartphone health app.
Participants who responded as having used smartphones to
access their information were recoded as 1 and those who had
not as 0. The study also controlled for demographic and
health-related variables, including self-reported gender, income,
age (younger than 65 years having been recoded as 0 and 65
years or older as 1), education, race and ethnicity, general health
status, and insurance status. In addition, in line with previous
HIT studies, we controlled for the chronic disease status [35,36]
and propensity to search for health information on the internet
[6,36,41]. The propensity for searching health information on
the internet parameter was derived from questionnaire responses
on whether respondents had used a computer, smartphone, or
other electronic means to search for medical information on the
internet. Survey questions and variable measurements are
reported in Multimedia Appendix 1.
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Outcome Variables
The role of app use on portal usage was examined using 3
engagement functionalities: VDT, PPI, and PPHI.

VDT scores were obtained by summing up answers to 3
dichotomous survey questions regarding the use of electronic
medical records. First, respondents were asked whether they
used their portals to view laboratory results and download
medical records. “Yes” answers were recoded as 1 and “No”
answers as 0. Second, respondents were also asked whether
they had used their portals to share their electronic records with
another health care provider, a family member, or a health app
to manage or store the data. Those who had shared their records
with any of the options were recoded as 1 and those who had
not as 0. Finally, the recoded responses to the 3 questions were
summed to obtain a VDT score ranging from 0 to 3.

We conceptually grouped responses to questions regarding the
use of interaction functionalities into 2 categories. The first
category consisted of functionalities related to care and
communication convenience. For example, respondents were
asked whether they requested medication refills or sent a secure
message to their providers. We called this parameter PPI. The
variable ranged from 0 to 2 after summing the dichotomous
values of the questionnaire responses. The second parameter,
PPHI, consisted of answers to questions on whether users (1)
requested the correction of erroneous information in their
records, (2) added information to their records to share with
their health care provider, or (3) used their health records in
deciding on a treatment for an illness or health condition. We
used the values of the 3 items to compute the PPHI factor score,
ranging from 0 to 3. The acronym VDT has been used
extensively in the literature to represent the outcomes of VDT
functionalities and, thus, yield little or no confusion [3,7,11].
However, this is not the case with interaction functionalities.

We, therefore, used themes underlying these capabilities to
represent interaction capabilities in line with extant literature
[36].

Statistical Analyses
We used descriptive statistics and performed a chi-square test
to analyze the association between the demographic variables
and app use for accessing medical records. Using a generalized
linear model, we examined the association between app use and
portal engagement functionalities and the moderating effect on
respondents’ age group. Our analyses incorporated replicate
weights to account for the survey design methodology. R (The
R Foundation) statistical software was used to conduct the
analyses. A P value of ≤.05 was considered significant.

Ethical Considerations
This study uses publicly available (secondary) data; hence,
institutional review board review was not required.

Results

Outcome Variables
PPI and PPHI were further validated with exploratory factor
analysis (EFA) in line with previous research [36]. The
suitability of the data for an EFA was assessed with the

nonsignificant Little missing value test (2
68=61, P=.71),

indicating that the data were missing completely at random

(significant Bartlett test for sphericity: 2
21= 1617.25, P<.001;

Kaiser-Meyer-Olkin measure of sample adequacy: overall
index=0.74). As shown in Table 1, a survey-weighted EFA with
maximum likelihood suggested 2 main themes from the
questionnaire responses. A scree plot and eigenvalues (>1)
supported selecting 2 themes for the analysis.

Table 1. Exploratory factor analysis to extract common themes from the data.

Factor loadingsVariables

Factor 2Factor 1

0.45N/AaRefill prescriptions

0.64N/ASend secure message

N/A0.37Request correction in personal health information

N/A0.81Add info to medical records

N/A0.44Make care decisions

aN/A: not applicable.

Descriptive Analysis
Our sample consisted of 2093 observations. As shown in Table
2, of all the respondents, only 714 (37.2%) patients reported
using an app to access their portals. Females accounted for the
majority of respondents (n=1186, 57.3%). The association
between app use and age group variables was significant
(P<.001), indicating that the impact of this association was not
uniform across age group levels. As shown in Table 2,

respondents younger than 65 years were more likely to report
using an app (n=553, 88.5%) than those aged 65 years or older
(n=154, 11.5%). The data also show that most respondents
(n=1824, 84.1%) had more than a high school degree. Most app
users earned US $50,000 or more (n=467, 64.4%) and were
essentially non-Hispanic White (n=399, 62.5%). Most
respondents self-reported their general health status as good or
better (n=620, 89.4%).
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Table 2. Demographic and health-related categorical variables.

P valueAccess with app, n (%)Access without app, n (%)Overall, n (%)Variables

N/Aa 714 (37.2)1379 (62.8)2093 (100)Participants

.55Gender

417 (58.9)769 (56.3)1186 (57.3)Female

259 (41.1)512 (43.7)771 (42.7)Male

<.001Age group (years)

553 (88.5)858 (79.4)1411 (82.8)<65

154 (11.5)497 (20.6)651 (17.2)≥65

.78Education

11 (1.6)25 (1.7)36 (1.7)Less than high school

63 (12.5)132 (15.2)195 (14.2)High school graduate

207 (44.7)377 (42.4)584 (43.2)Some college

417 (41.1)823 (40.7)1240 (40.9)College graduate or more

.26Income (US $)

61 (12.0)112 (9.6)173 (10.5)<20,000

64 (11.6)105 (6.2)169 (8.2)20,000 to <35,000

59 (12.1)174 (14.3)233 (13.5)35,000 to <50,000

127 (17.3)255 (20.5)382 (19.3)50,000 to <75,000

340 (47.1)605 (49.4)945 (48.5)≥75,000

.86Health status

15 (2.6)21 (2.3)36 (2.4)Poor

71 (8.1)143 (9.4)214 (8.9)Fair

244 (32.9)462 (35.2)706 (34.3)Good

274 (42.8)551 (40.0)825 (41.0)Very good

102 (13.7)182 (13.1)284 (13.3)Excellent

.14Race and ethnicity

399 (62.5)940 (73.4)1339 (69.4)Non-Hispanic White

87 (9.1)132 (8.2)219 (8.6)Non-Hispanic Black or African American

120 (18.4)113 (9.6)233 (12.9)Hispanic

40 (5.5)56 (5.3)96 (5.4)Non-Hispanic Asian

27 (4.6)46 (3.4)73 (3.8)Non-Hispanic other

.29Chronic disease status (number of diseases)

276 (37.8)528 (41.3)804 (40.0)0

227 (33.4)442 (32.8)669 (33.0)1

142 (20.2)277 (17.6)419 (18.6)2

51 (4.8)98 (5.8)149 (5.5)3

14 (3.0)23 (0.9)37 (1.7)4

3 (0.8)7 (1.6)10 (1.3)5

.002Search health information on the internet

50 (7.4)177 (15.1)227 (12.3)No

659 (92.6)1186 (84.9)1845 (87.7)Yes

.66Insurance status

22 (5.6)41 (4.4)63 (4.9)Uninsured

J Med Internet Res 2022 | vol. 24 | iss. 12 | e41972 | p. 4https://www.jmir.org/2022/12/e41972
(page number not for citation purposes)

Ndabu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


P valueAccess with app, n (%)Access without app, n (%)Overall, n (%)Variables

 692 (94.4)1338 (95.6)2030 (95.1)Insured 

aN/A: not applicable.

Regarding the 3 engagement activities, disparities were also
apparent between respondents who used the mobile app and
those who did not. The mean VDT score for those who reported
using an app was 1.56 (SD 0.83) compared to 1.11 (SD 0.71)
for those who did not (P<.001). For PPI score, the average was
1.15 (SD 0.79) for those who used an app versus 0.87 (SD 0.81)
for those who did not (P<.001), while, for the PPHI score, the
average was 0.77 (SD 0.93) for respondents who used an app
versus 0.48 (SD 0.77) for those who did not (P<.001). The
significant P value for all engagement factors indicates that the
use of engagement functionalities differed between users who
reported accessing their portals through a health app and those
who did not.

Figure 1 shows that the usage of individual functionalities varied
with access type. Among respondents who answered “Yes”
when asked whether they used electronic medical records to
make decisions about health care options, the number of
participants who accessed their portal using a mobile app was
higher (n=376, 51.7%) than that of non–app users. Similarly,
the numbers of app users who downloaded medical results or

shared records with a third party were also higher (n=196, 63.2%
and n=288, 54.9%, respectively) than those of non–app users.
Furthermore, web access was higher for other functionalities,
including adding additional information to one’s medical records
(n=278, 53.7%), correcting medical records (n=94, 61.1%),
sending secure messages to providers (n=645, 56.7%),
requesting prescription refills (n=559, 55.8%), and viewing
medical results (n=1108, 60.2%).

Figure 2 depicts the distribution of how the respondents used
multiple functionalities. The usage of portal functionalities in
general and the interaction functionalities, in particular,
remained low. Nearly 54% (n=374) of app users and 70%
(n=925) of nonusers did not engage in any PPHI task. Similarly,
over 25% (n=177) of app users and 40% (n=549) of nonusers
did not engage in any PHI task. The fraction of respondents
who did not use any VDT tasks remained under 20% (n=263)
among both app users and nonusers. Overall, app users were
more likely to engage in at least one task within each outcome
score.

Figure 1. Comparison of usage by access type among users who claimed to have used personal health record functionalities. PPHI: patient–personal
health information interaction; PPI: patient-provider interaction; VDT: view, download, and transmit.
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Figure 2. Comparison of the number of functionalities used by access type. PPHI: patient–personal health information interaction; PPI: patient-provider
interaction; VDT: view, download, and transmit.

Generalized Linear Model
Results from the survey-weighted linear model are presented
in Table 3. Models 1, 3, and 5 examine the effect of app usage
without an interaction term. The results show that accessing
portals using a health app is positively associated with higher
usage of VDT, PPI, and PPHI functionalities. Specifically, app
usage is associated with an increase of 0.52 (P<.001) in the
VDT score, 0.24 (P=.006) in the PPI score, and 0.21 (P=.009)
in the PPHI interaction score. These results indicate that for
every 100 patients who use a health app to access their medical
records, 52 more VDT tasks, 24 more PPI tasks, and 21 more
PPHI tasks are performed. Models 2, 4, and 6 account for the
interaction effects between age group and app use. The
coefficients of the main independent variable (app use) changed

slightly but not significantly (0.52 to 0.58 for the VDT score,
0.24 to 0.23 for the PPI score, and 0.21 to 0.23 for the PPHI

score). The R2 value increased for the VDT score from 0.19 to
0.20 but did not change for the PPI and PPHI scores, indicating
that only the VDT model is better explained when the model
includes an interaction term.

Respondents who reported general health statuses of good
(β=–.53, P=.03) and excellent (β=–.58, P=.04) were less likely
to engage in PPHI tasks than those who reported poor health.
Chronic disease status was associated with the usage of PPI and
PPHI functionalities. The propensity to search health
information on the internet was also associated with higher
usage of VDT and PPI tasks. Insurance status, income,
education, race and ethnicity, and gender were not significant.
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Table 3. Regression results.

Engagement functionalities (participants, n=1753) 

Patient–personal health information interac-
tion score (95% CI)

Patient-provider information score (95%
CI)

View, download, and transmit
score (95% CI)

 

Model 6dModel 5dModel 4cModel 3cModel 2bModel 1a 

0.23f (0.07 to 0.40)0.21f (0.06 to 0.37)0.23g (0.04 to 0.42)0.24f (0.08 to 0.40)0.58e (0.39 to
0.76)

0.52e (0.35 to
0.69)

Access type (refer-
ence: access without
an app)

0.11 (–0.07 to 0.28)0.07 (–0.08 to 0.21)–0.02 (–0.16 to 0.12)–0.01 (–0.14 to 0.13)0.11 (–0.02 to
0.24)

–0.01 (–0.12 to
0.11)

Age group of ≥65
years (reference: <65
years old)

–0.08 (–0.21 to 0.04)–0.08 (–0.21 to 0.04)0.07 (–0.09 to 0.24)0.07 (–0.09 to 0.24)0.11 (–0.01 to
0.24)

0.11 (–0.02 to
0.24)

Male gender (refer-
ence: female gender)

Race and ethnicity (reference: White)

0.02 (–0.16 to 0.20)0.02 (–0.16 to 0.20)–0.02 (–0.22 to 0.17)–0.02 (–0.22 to 0.17)–0.07 (–0.33 to
0.18)

–0.07 (–0.33 to
0.19)

Hispanic

0.61 (–0.08 to 1.31)0.61 (–0.09 to 1.30)0.12 (–0.33 to 0.56)0.12 (–0.33 to 0.56)0.39 (–0.05 to
0.82)

0.37 (–0.07 to
0.81)

Non-Hispanic
Asian

0.86 (–0.59 to 2.30)0.86 (–0.58 to 2.29)0.27 (–0.16 to 0.71)0.27 (–0.16 to 0.70)0.54 (–0.09 to
1.17)

0.54 (–0.09 to
1.17)

Non-Hispanic
other

0.21 (–0.01 to 0.43)0.20 (–0.01 to 0.42)0.05 (–0.19 to 0.29)0.05 (–0.19 to 0.29)–0.14 (–0.34 to
0.06)

–0.15 (–0.35 to
0.06)

Non-Hispanic
Black or African
American

Education level (reference: less than high school)

–0.22 (–0.68 to 0.23)–0.22 (–0.68 to 0.24)–0.35 (–1.00 to 0.30)–0.35 (–1.00 to 0.29)0.07 (–0.34 to
0.47)

0.08 (–0.34 to
0.49)

High school
graduate

–0.18 (–0.68 to 0.31)–0.18 (–0.68 to 0.32)–0.27 (–0.84 to 0.31)–0.27 (–0.84 to 0.31)–0.10 (–0.48 to
0.27)

–0.10 (–0.49 to
0.30)

Some college

–0.20 (–0.66 to 0.27)–0.19 (–0.66 to 0.28)–0.30 (–0.90 to 0.29)–0.30 (–0.90 to 0.29)–0.07 (–0.44 to
0.30)

–0.06 (–0.45 to
0.33)

College graduate
or more

Income (US $; reference: less than US $20,000)

–0.04 (–0.35 to 0.27)–0.04 (–0.35 to 0.27)–0.06 (–0.46 to 0.35)–0.05 (–0.46 to 0.35)–0.06 (–0.39 to
0.27)

–0.06 (–0.40 to
0.27)

20,000 to
<35,000

0.08 (–0.26 to 0.43)0.09 (–0.25 to 0.43)0.02 (–0.31 to 0.36)0.02 (–0.31 to 0.36)0.12 (–0.15 to
0.38)

0.13 (–0.14 to
0.39)

35,000 to
<50,000

0.09 (–0.23 to 0.42)0.09 (–0.23 to 0.42)0.19 (–0.15 to 0.53)0.19 (–0.15 to 0.53)0.09 (–0.18 to
0.35)

0.08 (–0.19 to
0.35)

50,000 to
<75,000

0.16 (–0.14 to 0.46)0.16 (–0.14 to 0.45)0.12 (–0.16 to 0.41)0.12 (–0.16 to 0.41)0.10 (–0.14 to
0.34)

0.10 (–0.15 to
0.34)

≥75,000

General health status (reference: poor)

–0.38 (–0.97 to 0.22)–0.37 (–0.96 to 0.22)–0.40 (–0.97 to 0.16)–0.40 (–0.97 to 0.16)–0.11 (–0.59 to
0.36)

–0.10 (–0.59 to
0.38)

Fair

–0.53g (–1.00 to
–0.05)

–0.53g (–1.00 to
–0.05)

–0.35 (–0.90 to 0.20)–0.35 (–0.90 to 0.20)–0.33 (–0.82 to
0.17)

–0.32 (–0.83 to
0.18)

Good

–0.44 (–0.94 to 0.06)–0.44 (–0.94 to 0.05)–0.27 (–0.82 to 0.29)–0.27 (–0.82 to 0.29)–0.18 (–0.68 to
0.32)

–0.18 (–0.68 to
0.33)

Very good

–0.58g (–1.12 to
–0.03)

–0.57g (–1.11 to
–0.03)

–0.43 (–0.98 to 0.12)–0.43 (–0.98 to 0.12)–0.29 (–0.79 to
0.20)

–0.29 (–0.79 to
0.22)

Excellent

Chronic disease status (reference: 0 diseases)

–0.04 (–0.24 to 0.15)–0.04 (–0.24 to 0.15)0.24f (0.07 to 0.41)0.24f (0.07 to 0.41)–0.01 (–0.17 to
0.14)

–0.01 (–0.16 to
0.14)

1
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Engagement functionalities (participants, n=1753) 

Patient–personal health information interac-
tion score (95% CI)

Patient-provider information score (95%
CI)

View, download, and transmit
score (95% CI)

 

Model 6dModel 5dModel 4cModel 3cModel 2bModel 1a 

–0.03 (–0.21 to 0.16)–0.03 (–0.22 to 0.16)0.29f (0.09 to 0.48)0.29f (0.09 to 0.48)0.03 (–0.13 to
0.19)

0.02 (–0.14 to
0.19)

2

0.08 (–0.21 to 0.38)0.08 (–0.21 to 0.37)0.20 (–0.08 to 0.48)0.20 (–0.08 to 0.48)–0.05 (–0.20 to
0.11)

–0.05 (–0.22 to
0.11)

3

–0.09 (–0.53 to 0.35)–0.08 (–0.52 to 0.36)0.22 (–0.24 to 0.68)0.22 (–0.24 to 0.67)0.06 (–0.48 to
0.60)

0.08 (–0.47 to
0.63)

4

1.18g (0.26 to 2.09)1.17g (0.27 to 2.08)0.46 (–1.20 to 2.11)0.46 (–1.20 to 2.12)–0.13 (–0.71 to
0.45)

–0.13 (–0.73 to
0.47)

5

–0.16 (–0.50 to 0.19)–0.16 (–0.51 to 0.19)0.13 (–0.46 to 0.73)0.13 (–0.46 to 0.73)0.27 (–0.13 to
0.67)

0.28 (–0.13 to
0.68)

Insurance status: in-
sured (reference:
uninsured)

0.10 (–0.35 to 0.55)0.10 (–0.35 to 0.55)0.31g (0.07 to 0.55)0.31g (0.08 to 0.58)0.33g (0.08 to
0.58)

0.33g (0.08 to
0.58)

Searched health infor-
mation on the web
(ref: did not search)

–0.15 (–0.38 to
0.08) 

Reference 0.05 (–0.29 to 0.39) Reference –0.43f (–0.71 to
–0.15) 

Reference App use × age group

1.03g (0.18 to 1.89)1.04g (0.18 to 1.89)0.81 (–0.05 to 1.66)0.80 (–0.05 to 1.66)0.69 (–0.01 to
1.39)

0.70 (–0.00 to
1.41)

Constant

aR2=0.19.
bR2=0.20.
cR2=0.09.
dR2=0.19.
eP<.001.
fP<.01.
gP<.05.

Interaction Effects of Age Group
Models 2, 4, and 6 introduce an interaction term between app
use and age group. The results indicate that the age group
moderates the relationship (β=–.43, P=.004) between app use
and VDT usage; that is, app use effects will differ between
patients younger than 65 years and older patients. Table 4 and
Figure 3 show the marginal means of VDT usage for all
combinations of app use and age group. App users younger than
65 years exhibited higher averages than nonusers (1.67 vs 1.08,
respectively). For users aged 65 years and older, Table 4 also

shows a slight positive difference between app users (1.35) and
nonusers (1.18). However, as shown in Figure 3, the mean
difference is higher for users younger than 65 years, indicating
an interaction between app use and age group variables.

The analysis of simple effects revealed a significant difference
between those who used an app to perform VDT tasks and those
who did not. The impact of app use was positive for both groups;
however, the effect was significant only for participants younger
than 65 years (β=.58, P<.001). Thus, app use was positively
related to VDT use for users younger than 65 years but not for
older users.

Table 4. Marginal means of VDT by app use and age group.

Marginal mean (SE)Age group (years)App usage

1.08 (0.0452)<65Did not use

1.67 (0.0639)<65Used

1.18 (0.0528)≥65Did not use

1.35 (0.0952)≥65Used
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Figure 3. Interaction between functionalities and age. VDT: view, download, and transmit.

Discussion

Principal Findings
Health care delivery and outcomes can be improved with the
increased participation of patients in health care decisions
[44-47]. Portal functionalities, if sufficiently used, can be a
driving force of patient-provider collaboration [4,14]. Thus, it
is essential to integrate new and widely available technologies
with portals to enhance patient engagement. To this end, our
study has several significant findings. First, our study indicates
that most portal users still do not use a health app. This finding
aligns with the ONC report that states that only a small
percentage of hospitals offers access to portals through health
apps [11]. The positive effect of app use on patient engagement
calls for more comprehensive portal mobile access
functionalities. Second, regardless of how they access their
medical records, many patients are still not engaging in any
functionalities. Our findings show that the proportion of
individuals who have been granted access privileges but do not
access their portals is higher among non–app users.

Third, using a health app to access portals strongly and
positively impacts the use of the multiple engagement
functionalities. The regression coefficients of VDT, PPI, and
PPHI engagement functionalities were positive and significant.
Furthermore, Figure 2 shows that app users are more likely to
use at least one engagement task and have higher usage of VDT,
PPI, and PPHI tasks. This finding extends extant research that
indicates that app users log into their portals sooner and more

frequently than non–app users [41] by showing that beyond
timeliness and frequency of use, the use of apps to access portals
is associated with the breadth of the usage of portal
functionalities. Fourth, the association of portal access type on
individual portal tasks still favors non–app users. Portal usage
of app users for individual tasks was greater only for 3 out of
8 functionalities, namely, using medical records to make care
decisions, downloading, and transmitting results. Downloading
and sharing medical records are associated with increased
efficiency in clinical workflows [48]. Offering app access to
patients who underuse these functionalities could help improve
their portal usage.

Fifth, the impacts of mobile health app usage on the use of
diverse functionalities fade with age only for VDT tasks. This
finding is in line with that of previous research that the adoption
of newer technologies and the breadth of use of technology
tends to decline with age, even though users continue to
frequently use technologies they are acquainted with [49].
However, this study shows that the age group of portal users
does not condition the impact of access type on PPI and PPHI
tasks. This finding extends previous research on the effects of
age on mobile health app usage by showing that the result of
mobile access is not uniform across all age groups and tasks.
While mobile access increases VDT tasks for users younger
than 65 years and decreases them, for others, it does not impact
portal users differently on the breadth of use of interaction
functionalities regardless of their age groups. App access
increases the usage of interaction tasks similarly for all users.
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Mobile health app access could be a better intervention for portal
users younger than 65 years on VDT tasks and all portal users
for interaction tasks. Understanding the nuances in using portal
capabilities is essential for providers to develop equitable
interventions for each age group and to increase the use of
underused functionalities. Other interventions, such as providers’
encouragement that have been associated with higher usage of
portals [36], could be used among patients who are aged 65
years or older to increase the use of VDT tasks.

Logging into portals is only a first step toward patient
engagement through their medical records. Once logged in, the
number of tasks patients perform contributes to their
empowerment and engagement. In this study, while a high
percentage of users (46.5% and 62.8% of app users and non–app
users, respectively) performed at least one VDT task, less than
20% of users in both groups engaged in all 3 VDT tasks. This
low involvement with VDT tasks was more pronounced among
non–app users. Similarly, less than 5% and less than 40% in
each group performed all PPHI and PPI tasks, respectively.
Additional research is needed to improve patient engagement
with multiple portal functionalities.

Mobile apps provide convenience for their users [50]. For the
most part, the effort required to perform VDT tasks is minimal.
Therefore, VDT tasks can be more easily accomplished with a
click or touch of a button for a health app designed with usability
considerations. The same is not valid for interaction tasks that
require the use of a computer or cellphone keyboard. Prior
research comparing the use of smartphones with that of desktops
in business settings shows that users of smartphones can perform
reading tasks better than typing tasks [51]. However, the need
to manipulate the keyboard and the smaller window size of a
smartphone increase the time and difficulty of performing such
tasks. Hence, performing interaction tasks via a health app is
not as convenient as doing so via a computer and may explain
the lesser impact of app usage on the interaction functionalities,
as shown in Table 3. While app usage was significantly and
positively associated with all engagement types, its impact on
the VDT tasks was far more significant than that on the
interaction tasks, as reflected in the regression coefficients. It
is also possible that app interfaces were not easy to use to port
data from one provider to another. Therefore, there is a need
for apps to connect with platforms that make data portability
seamless.

Even though app usage predicted all engagement types, the
easier a task that could be performed via an app, the more it
was used. Previous studies have recommended that portal
designers simplify data entry into their systems [52,53]. App
designers also should endeavor to decrease the amount of effort
needed to perform interaction tasks, especially PPHI tasks,
which are essential in this new era of interoperability across
health information systems and information exchanges [19].
The ability of users to amend or request amendments to their
records could be vital in reconciling fragmented information
from one system to another and ensuring data integrity and
completeness.

Limitations
This study used secondary data. Thus, covariates were limited
to variables available in the data. Similarly, this study was based
on cross-sectional data and cannot infer causality. Future
research could examine the impact of health app usage on the
portal engagement functionalities using longitudinal data.

These secondary data did not provide details on the functional
characteristics of the mobile apps and portals that were used. It
was also unclear whether the portals were tethered to an
electronic health record. Since the data were representative of
the national US population [54], this study assumed that the
mobile health apps and portals used by the study population
were diverse.

Conclusions
Patients with access to mobile-optimized portals log into their
medical records sooner after being granted access and more
frequently than those who only use a computer [38]. This study
shows that patients who use a health app to access their records
are also more likely to engage in multiple VDT, PPI, and PPHI
tasks. The convenience and wide availability of health apps can
also improve VDT functionalities among adults younger than
65 years and interaction functionalities among all portal users.
Previous studies show that engagement with portals leads to
better health outcomes and effective and efficient care delivery
[21,22]. Although the likelihood of engaging in at least one task
is higher when using an app, portal usage remains low. More
research is needed to determine other factors and characteristics
of health apps, which could lead to greater portal usage,
especially among adults aged 65 years or older.
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All data analyzed during this study are publicly available on the HINTS website [54].

Conflicts of Interest
None declared.

Multimedia Appendix 1
Survey questions and variable measurements.
[XLSX File (Microsoft Excel File), 12 KB-Multimedia Appendix 1]

References

J Med Internet Res 2022 | vol. 24 | iss. 12 | e41972 | p. 10https://www.jmir.org/2022/12/e41972
(page number not for citation purposes)

Ndabu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=jmir_v24i12e41972_app1.xlsx&filename=62e61a07c80e248f72eff277111d2a1f.xlsx
https://jmir.org/api/download?alt_name=jmir_v24i12e41972_app1.xlsx&filename=62e61a07c80e248f72eff277111d2a1f.xlsx
http://www.w3.org/Style/XSL
http://www.renderx.com/


1. Butler J, Gibson B, Lewis L, Reiber G, Kramer H, Rupper R, et al. Patient-centered care and the electronic health record:
exploring functionality and gaps. JAMIA Open 2020 Oct;3(3):360-368 [FREE Full text] [doi: 10.1093/jamiaopen/ooaa044]
[Medline: 33215071]

2. Becker KL. Tell me your dreams and goals: Structuring communication exchanges to improve patient-centered care with
chronic pain patients. Appl Nurs Res 2020 Jun;53:151248. [doi: 10.1016/j.apnr.2020.151248] [Medline: 32451006]

3. Charles D, Gabriel M, Henry JW. Electronic capabilities for patient engagement among U.S. Non-Federal acute care
hospitals: 2012-2014. Office of the National Coordinator for Health Information Technology. 2015. URL: https://www.
healthit.gov/sites/default/files/briefs/oncdatabrief29_patientengagement.pdf [accessed 2022-12-14]

4. Alsahafi YA, Gay V. An overview of electronic personal health records. Health Policy Technol 2018 Dec;7(4):427-432.
[doi: 10.1016/j.hlpt.2018.10.004]

5. Bouayad L, Ialynytchev A, Padmanabhan B. Patient health record systems scope and functionalities: literature review and
future directions. J Med Internet Res 2017 Nov 15;19(11):e388 [FREE Full text] [doi: 10.2196/jmir.8073] [Medline:
29141839]

6. Alturkistani A, Qavi A, Anyanwu PE, Greenfield G, Greaves F, Costelloe C. Patient portal functionalities and patient
outcomes among patients with diabetes: systematic review. J Med Internet Res 2020 Sep 22;22(9):e18976 [FREE Full text]
[doi: 10.2196/18976] [Medline: 32960182]

7. Patel V, Barker W, Siminerio E. Individuals’access and use of their online medical record nationwide. Office of the National
Coordinator for Health Information Technology. 2014. URL: https://www.healthit.gov/sites/default/files/
consumeraccessdatabrief_9_10_14.pdf [accessed 2022-12-14]

8. Patel V, Johnson C. Trends in individuals’ access, viewing and use of online medical records and other technology for
health needs: 2017-2018. Office of the National Coordinator for Health Information Technology. 2019. URL: https://www.
healthit.gov/sites/default/files/page/2019-05/
Trends-in-Individuals-Access-Viewing-and-Use-of-Online-Medical-Records-and-Other-Technology-for-Health-Needs-2017-2018.
pdf [accessed 2022-12-14]

9. Lin SC, Lyles CR, Sarkar U, Adler-Milstein J. Are patients electronically accessing their medical records? Evidence from
national hospital data. Health Aff (Millwood) 2019 Nov 01;38(11):1850-1857. [doi: 10.1377/hlthaff.2018.05437] [Medline:
31682494]

10. Heart T, Ben-Assuli O, Shabtai I. A review of PHR, EMR and EHR integration: a more personalized healthcare and public
health policy. Health Policy Technol 2017 Mar;6(1):20-25. [doi: 10.1016/j.hlpt.2016.08.002]

11. Henry J, Barker W, Kachay L. Electronic capabilities for patient engagement among U.S. non-Federal acute care hospitals:
2013-2017. Office of the National Coordinator for Health Information Technology. 2019. URL: https://www.healthit.gov/
sites/default/files/page/2019-04/AHApatientengagement.pdf [accessed 2022-12-14]

12. Furukawa MF, King J, Patel V, Hsiao C, Adler-Milstein J, Jha AK. Despite substantial progress In EHR adoption, health
information exchange and patient engagement remain low in office settings. Health Aff (Millwood) 2014
Sep;33(9):1672-1679. [doi: 10.1377/hlthaff.2014.0445] [Medline: 25104827]

13. Lyles C, Sarkar U, Schillinger D, Ralston JD, Allen JY, Nguyen R, et al. Refilling medications through an online patient
portal: consistent improvements in adherence across racial/ethnic groups. J Am Med Inform Assoc 2016 Apr;23(e1):e28-e33
[FREE Full text] [doi: 10.1093/jamia/ocv126] [Medline: 26335983]

14. Shimada S, Petrakis B, Rothendler J, Zirkle M, Zhao S, Feng H, et al. An analysis of patient-provider secure messaging at
two Veterans Health Administration medical centers: message content and resolution through secure messaging. J Am Med
Inform Assoc 2017 Sep 01;24(5):942-949 [FREE Full text] [doi: 10.1093/jamia/ocx021] [Medline: 28371896]

15. Agrawal L, Ndabu T, Mulgund P, Sharman R. Factors affecting the extent of patients' electronic medical record use: an
empirical study focusing on system and patient characteristics. J Med Internet Res 2021 Oct 28;23(10):e30637 [FREE Full
text] [doi: 10.2196/30637] [Medline: 34709181]

16. Delbanco T, Walker J, Bell SK, Darer JD, Elmore JG, Farag N, et al. Inviting patients to read their doctors' notes: a
quasi-experimental study and a look ahead. Ann Intern Med 2012 Oct 02;157(7):461-470 [FREE Full text] [doi:
10.7326/0003-4819-157-7-201210020-00002] [Medline: 23027317]

17. Sarkar U, Bates DW. Care partners and online patient portals. JAMA 2014 Jan 22;311(4):357-358. [doi:
10.1001/jama.2013.285825] [Medline: 24394945]

18. Schnipper JL, Gandhi TK, Wald JS, Grant RW, Poon EG, Volk LA, et al. Effects of an online personal health record on
medication accuracy and safety: a cluster-randomized trial. J Am Med Inform Assoc 2012 Sep 01;19(5):728-734 [FREE
Full text] [doi: 10.1136/amiajnl-2011-000723] [Medline: 22556186]

19. Smith SG, Pandit A, Rush SR, Wolf MS, Simon C. The association between patient activation and accessing online health
information: results from a national survey of US adults. Health Expect 2015 Dec 05;18(6):3262-3273 [FREE Full text]
[doi: 10.1111/hex.12316] [Medline: 25475371]

20. Ford EW, Hesse BW, Huerta TR. Personal health record use in the United States: forecasting future adoption levels. J Med
Internet Res 2016 Mar 30;18(3):e73 [FREE Full text] [doi: 10.2196/jmir.4973] [Medline: 27030105]

21. Graetz I, Huang J, Brand RJ, Hsu J, Yamin CK, Reed ME. Bridging the digital divide: mobile access to personal health
records among patients with diabetes. Am J Manag Care 2018 Jan;24(1):43-48 [FREE Full text] [Medline: 29350505]

J Med Internet Res 2022 | vol. 24 | iss. 12 | e41972 | p. 11https://www.jmir.org/2022/12/e41972
(page number not for citation purposes)

Ndabu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/33215071
http://dx.doi.org/10.1093/jamiaopen/ooaa044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33215071&dopt=Abstract
http://dx.doi.org/10.1016/j.apnr.2020.151248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32451006&dopt=Abstract
https://www.healthit.gov/sites/default/files/briefs/oncdatabrief29_patientengagement.pdf
https://www.healthit.gov/sites/default/files/briefs/oncdatabrief29_patientengagement.pdf
http://dx.doi.org/10.1016/j.hlpt.2018.10.004
https://www.jmir.org/2017/11/e388/
http://dx.doi.org/10.2196/jmir.8073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29141839&dopt=Abstract
https://www.jmir.org/2020/9/e18976/
http://dx.doi.org/10.2196/18976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32960182&dopt=Abstract
https://www.healthit.gov/sites/default/files/consumeraccessdatabrief_9_10_14.pdf
https://www.healthit.gov/sites/default/files/consumeraccessdatabrief_9_10_14.pdf
https://www.healthit.gov/sites/default/files/page/2019-05/Trends-in-Individuals-Access-Viewing-and-Use-of-Online-Medical-Records-and-Other-Technology-for-Health-Needs-2017-2018.pdf
https://www.healthit.gov/sites/default/files/page/2019-05/Trends-in-Individuals-Access-Viewing-and-Use-of-Online-Medical-Records-and-Other-Technology-for-Health-Needs-2017-2018.pdf
https://www.healthit.gov/sites/default/files/page/2019-05/Trends-in-Individuals-Access-Viewing-and-Use-of-Online-Medical-Records-and-Other-Technology-for-Health-Needs-2017-2018.pdf
https://www.healthit.gov/sites/default/files/page/2019-05/Trends-in-Individuals-Access-Viewing-and-Use-of-Online-Medical-Records-and-Other-Technology-for-Health-Needs-2017-2018.pdf
http://dx.doi.org/10.1377/hlthaff.2018.05437
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31682494&dopt=Abstract
http://dx.doi.org/10.1016/j.hlpt.2016.08.002
https://www.healthit.gov/sites/default/files/page/2019-04/AHApatientengagement.pdf
https://www.healthit.gov/sites/default/files/page/2019-04/AHApatientengagement.pdf
http://dx.doi.org/10.1377/hlthaff.2014.0445
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25104827&dopt=Abstract
https://europepmc.org/abstract/MED/26335983
http://dx.doi.org/10.1093/jamia/ocv126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26335983&dopt=Abstract
https://europepmc.org/abstract/MED/28371896
http://dx.doi.org/10.1093/jamia/ocx021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28371896&dopt=Abstract
https://www.jmir.org/2021/10/e30637/
https://www.jmir.org/2021/10/e30637/
http://dx.doi.org/10.2196/30637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34709181&dopt=Abstract
https://www.acpjournals.org/doi/abs/10.7326/0003-4819-157-7-201210020-00002?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.7326/0003-4819-157-7-201210020-00002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23027317&dopt=Abstract
http://dx.doi.org/10.1001/jama.2013.285825
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24394945&dopt=Abstract
https://europepmc.org/abstract/MED/22556186
https://europepmc.org/abstract/MED/22556186
http://dx.doi.org/10.1136/amiajnl-2011-000723
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22556186&dopt=Abstract
https://europepmc.org/abstract/MED/25475371
http://dx.doi.org/10.1111/hex.12316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25475371&dopt=Abstract
https://www.jmir.org/2016/3/e73/
http://dx.doi.org/10.2196/jmir.4973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27030105&dopt=Abstract
https://www.ajmc.com/pubMed.php?pii=87412
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29350505&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


22. Rief JJ, Hamm ME, Zickmund SL, Nikolajski C, Lesky D, Hess R, et al. Using Health Information Technology to Foster
Engagement: Patients' Experiences with an Active Patient Health Record. Health Commun 2017 Mar 25;32(3):310-319.
[doi: 10.1080/10410236.2016.1138378] [Medline: 27223684]

23. Feldman SS, Buchalter S, Hayes LW. Health Information Technology in Healthcare Quality and Patient Safety: Literature
Review. JMIR Med Inform 2018 Jun 04;6(2):e10264 [FREE Full text] [doi: 10.2196/10264] [Medline: 29866642]

24. Fossa A, Bell S, DesRoches C. OpenNotes and shared decision making: a growing practice in clinical transparency and
how it can support patient-centered care. J Am Med Inform Assoc 2018 Sep 01;25(9):1153-1159 [FREE Full text] [doi:
10.1093/jamia/ocy083] [Medline: 29982659]

25. Irizarry T, DeVito Dabbs A, Curran CR. Patient Portals and Patient Engagement: A State of the Science Review. J Med
Internet Res 2015 Jun 23;17(6):e148 [FREE Full text] [doi: 10.2196/jmir.4255] [Medline: 26104044]

26. Lyles CR, Allen JY, Poole D, Tieu L, Kanter MH, Garrido T. "I Want to Keep the Personal Relationship With My Doctor":
Understanding Barriers to Portal Use among African Americans and Latinos. J Med Internet Res 2016 Oct 03;18(10):e263
[FREE Full text] [doi: 10.2196/jmir.5910] [Medline: 27697748]

27. Ancker J, Hafeez B, Kaushal R. Socioeconomic disparities in adoption of personal health records over time. Am J Manag
Care 2016 Aug;22(8):539-540 [FREE Full text] [Medline: 27541700]

28. Phelps RG, Taylor J, Simpson K, Samuel J, Turner AN. Patients' continuing use of an online health record: a quantitative
evaluation of 14,000 patient years of access data. J Med Internet Res 2014 Oct 24;16(10):e241 [FREE Full text] [doi:
10.2196/jmir.3371] [Medline: 25344621]

29. Mafi J, Mejilla R, Feldman H, Ngo L, Delbanco T, Darer J, et al. Patients learning to read their doctors' notes: the importance
of reminders. J Am Med Inform Assoc 2016 Sep;23(5):951-955 [FREE Full text] [doi: 10.1093/jamia/ocv167] [Medline:
26911830]

30. Lyles CR, Tieu L, Sarkar U, Kiyoi S, Sadasivaiah S, Hoskote M, et al. A Randomized Trial to Train Vulnerable Primary
Care Patients to Use a Patient Portal. J Am Board Fam Med 2019 Mar 08;32(2):248-258 [FREE Full text] [doi:
10.3122/jabfm.2019.02.180263] [Medline: 30850461]

31. Grossman L, Masterson Creber RM, Benda N, Wright D, Vawdrey DK, Ancker JS. Interventions to increase patient portal
use in vulnerable populations: a systematic review. J Am Med Inform Assoc 2019 Aug 01;26(8-9):855-870 [FREE Full
text] [doi: 10.1093/jamia/ocz023] [Medline: 30958532]

32. Ramirez V, Johnson E, Gonzalez C, Ramirez V, Rubino B, Rossetti G. Assessing the use of mobile health technology by
patients: an observational study in primary care clinics. JMIR Mhealth Uhealth 2016 Apr 19;4(2):e41 [FREE Full text]
[doi: 10.2196/mhealth.4928] [Medline: 27095507]

33. Fernandez N, Copenhaver DJ, Vawdrey DK, Kotchoubey H, Stockwell MS. Smartphone use among postpartum women
and implications for personal health record utilization. Clin Pediatr (Phila) 2017 Apr 22;56(4):376-381. [doi:
10.1177/0009922816673438] [Medline: 27798390]

34. Xiao N, Sharman R, Rao H, Upadhyaya S. Factors influencing online health information search: an empirical analysis of
a national cancer-related survey. Decis Support Syst 2014 Jan;57:417-427. [doi: 10.1016/j.dss.2012.10.047]

35. Kisekka V, Giboney JS. The Effectiveness of Health Care Information Technologies: Evaluation of Trust, Security Beliefs,
and Privacy as Determinants of Health Care Outcomes. J Med Internet Res 2018 Apr 11;20(4):e107 [FREE Full text] [doi:
10.2196/jmir.9014] [Medline: 29643052]

36. Shimoga S, Lu Y. Role of provider encouragement on patient engagement via online portals. J Am Med Inform Assoc 2019
Oct 01;26(10):968-976 [FREE Full text] [doi: 10.1093/jamia/ocz026] [Medline: 30925585]

37. Mobile App Trends: How publishers are navigating stricter privacy regulations. Insider Intelligence. URL: https://www.
emarketer.com/Article/eMarketer-Unveils-New-Estimates-Mobile-App-Usage/1015611 [accessed 2020-11-19]

38. Health Information National Trends Survey 5 (HINTS 5): Cycle 3 Methodology Report. Westat. URL: https://hints.
cancer.gov/docs/Instruments/HINTS5_Cycle3_MethodologyReport.pdf [accessed 2022-11-02]

39. Nelson D, Kreps G, Hesse B, Croyle R, Willis G, Arora N, et al. The Health Information National Trends Survey (HINTS):
development, design, and dissemination. J Health Commun 2004 Sep;9(5):443-460. [doi: 10.1080/10810730490504233]
[Medline: 15513791]

40. Turner K, Clary A, Hong Y, Alishahi Tabriz A, Shea CM. Patient Portal Barriers and Group Differences: Cross-Sectional
National Survey Study. J Med Internet Res 2020 Sep 17;22(9):e18870 [FREE Full text] [doi: 10.2196/18870] [Medline:
32940620]

41. Graetz I, Huang J, Brand R, Hsu J, Reed ME. Mobile-accessible personal health records increase the frequency and timeliness
of PHR use for patients with diabetes. J Am Med Inform Assoc 2019 Jan 01;26(1):50-54 [FREE Full text] [doi:
10.1093/jamia/ocy129] [Medline: 30358866]

42. Strekalova YA. Electronic health record use among cancer patients: Insights from the Health Information National Trends
Survey. Health Informatics J 2019 Mar 23;25(1):83-90 [FREE Full text] [doi: 10.1177/1460458217704246] [Medline:
28434278]

43. Chae J. How we use the Internet matters for health: The relationship between various online health-related activities and
preventive dietary behaviors. Health Informatics J 2019 Sep 19;25(3):973-983 [FREE Full text] [doi:
10.1177/1460458217735675] [Medline: 29047292]

J Med Internet Res 2022 | vol. 24 | iss. 12 | e41972 | p. 12https://www.jmir.org/2022/12/e41972
(page number not for citation purposes)

Ndabu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1080/10410236.2016.1138378
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27223684&dopt=Abstract
https://medinform.jmir.org/2018/2/e10264/
http://dx.doi.org/10.2196/10264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29866642&dopt=Abstract
https://europepmc.org/abstract/MED/29982659
http://dx.doi.org/10.1093/jamia/ocy083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29982659&dopt=Abstract
https://www.jmir.org/2015/6/e148/
http://dx.doi.org/10.2196/jmir.4255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26104044&dopt=Abstract
https://www.jmir.org/2016/10/e263/
http://dx.doi.org/10.2196/jmir.5910
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27697748&dopt=Abstract
https://www.ajmc.com/pubMed.php?pii=86770
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27541700&dopt=Abstract
https://www.jmir.org/2014/10/e241/
http://dx.doi.org/10.2196/jmir.3371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25344621&dopt=Abstract
https://europepmc.org/abstract/MED/26911830
http://dx.doi.org/10.1093/jamia/ocv167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26911830&dopt=Abstract
http://www.jabfm.org/cgi/pmidlookup?view=long&pmid=30850461
http://dx.doi.org/10.3122/jabfm.2019.02.180263
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30850461&dopt=Abstract
https://europepmc.org/abstract/MED/30958532
https://europepmc.org/abstract/MED/30958532
http://dx.doi.org/10.1093/jamia/ocz023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30958532&dopt=Abstract
https://mhealth.jmir.org/2016/2/e41/
http://dx.doi.org/10.2196/mhealth.4928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27095507&dopt=Abstract
http://dx.doi.org/10.1177/0009922816673438
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27798390&dopt=Abstract
http://dx.doi.org/10.1016/j.dss.2012.10.047
https://www.jmir.org/2018/4/e107/
http://dx.doi.org/10.2196/jmir.9014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29643052&dopt=Abstract
https://europepmc.org/abstract/MED/30925585
http://dx.doi.org/10.1093/jamia/ocz026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30925585&dopt=Abstract
https://www.emarketer.com/Article/eMarketer-Unveils-New-Estimates-Mobile-App-Usage/1015611
https://www.emarketer.com/Article/eMarketer-Unveils-New-Estimates-Mobile-App-Usage/1015611
https://hints.cancer.gov/docs/Instruments/HINTS5_Cycle3_MethodologyReport.pdf
https://hints.cancer.gov/docs/Instruments/HINTS5_Cycle3_MethodologyReport.pdf
http://dx.doi.org/10.1080/10810730490504233
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15513791&dopt=Abstract
https://www.jmir.org/2020/9/e18870/
http://dx.doi.org/10.2196/18870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32940620&dopt=Abstract
https://europepmc.org/abstract/MED/30358866
http://dx.doi.org/10.1093/jamia/ocy129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30358866&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1460458217704246?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1460458217704246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28434278&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1460458217735675?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/1460458217735675
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29047292&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


44. Seo D, Park YR, Lee Y, Kim JY, Park J, Lee J. The use of mobile personal health records for hemoglobin A1c regulation
in patients with diabetes: retrospective observational study. J Med Internet Res 2020 Jun 02;22(6):e15372 [FREE Full text]
[doi: 10.2196/15372] [Medline: 32484447]

45. Dendere R, Slade C, Burton-Jones A, Sullivan C, Staib A, Janda M. Patient portals facilitating engagement with inpatient
electronic medical records: a systematic review. J Med Internet Res 2019 Apr 11;21(4):e12779 [FREE Full text] [doi:
10.2196/12779] [Medline: 30973347]

46. Gerard M, Chimowitz H, Fossa A, Bourgeois F, Fernandez L, Bell SK. The importance of visit notes on patient portals for
engaging less educated or nonwhite patients: survey study. J Med Internet Res 2018 May 24;20(5):e191 [FREE Full text]
[doi: 10.2196/jmir.9196] [Medline: 29793900]

47. Sarkar U, Lyles C, Parker M, Allen J, Nguyen R, Moffet HH, et al. Use of the refill function through an online patient
portal is associated with improved adherence to statins in an integrated health system. Med Care 2014 Mar;52(3):194-201
[FREE Full text] [doi: 10.1097/MLR.0000000000000069] [Medline: 24374412]

48. O'Donnell A, Kaner E, Shaw C, Haighton C. Primary care physicians' attitudes to the adoption of electronic medical records:
a systematic review and evidence synthesis using the clinical adoption framework. BMC Med Inform Decis Mak 2018 Nov
13;18(1):101 [FREE Full text] [doi: 10.1186/s12911-018-0703-x] [Medline: 30424758]

49. Olson KE, O'Brien MA, Rogers WA, Charness N. Diffusion of technology: frequency of use for younger and older adults.
Ageing Int 2011 Mar 28;36(1):123-145 [FREE Full text] [doi: 10.1007/s12126-010-9077-9] [Medline: 22685360]

50. Ricciardi L, Mostashari F, Murphy J, Daniel JG, Siminerio EP. A national action plan to support consumer engagement
via e-health. Health Aff (Millwood) 2013 Feb;32(2):376-384. [doi: 10.1377/hlthaff.2012.1216] [Medline: 23381531]

51. Adepu S, Adler R. A comparison of performance and preference on mobile devices vs. desktop computers. 2016 Presented
at: 2016 IEEE 7th Annual Ubiquitous Computing, Electronics & Mobile Communication Conference (UEMCON); October
20-22, 2016; New York, NY. [doi: 10.1109/uemcon.2016.7777808]

52. Clarke MA, Schuetzler RM, Windle JR, Pachunka E, Fruhling A. Usability and cognitive load in the design of a personal
health record. Health Policy Technol 2020 Jun;9(2):218-224. [doi: 10.1016/j.hlpt.2019.10.002]

53. Fernando M, Fidge C, Sahama T. Design guidelines for effective occupation-based personal health records. 2020 Presented
at: ACSW '20: Australasian Computer Science Week 2020; February 4-6, 2020; Melbourne. [doi: 10.1145/3373017.3373042]

54. What is HINTS? National Cancer Institute. Health Information National Trends Survey. URL: https://hints.cancer.gov/
[accessed 2020-01-01]

Abbreviations
EFA: exploratory factor analysis
HINTS: Health Information National Trends Survey
ONC: Office of the National Coordinator
PHI: personal health information
PPHI: patient–personal health information interaction
PPI: patient-provider interaction
VDT: view, download, and transmit

Edited by T Leung; submitted 16.08.22; peer-reviewed by S Van den Bulck, C Smith; comments to author 08.09.22; revised version
received 06.11.22; accepted 25.11.22; published 27.12.22

Please cite as:
Ndabu T, Agrawal L, Sharman R
The Role of Access Type and Age Group in the Breadth of Use of Patient Portals: Observational Study
J Med Internet Res 2022;24(12):e41972
URL: https://www.jmir.org/2022/12/e41972
doi: 10.2196/41972
PMID:

©Theophile Ndabu, Lavlin Agrawal, Raj Sharman. Originally published in the Journal of Medical Internet Research
(https://www.jmir.org), 27.12.2022. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete
bibliographic information, a link to the original publication on https://www.jmir.org/, as well as this copyright and license
information must be included.

J Med Internet Res 2022 | vol. 24 | iss. 12 | e41972 | p. 13https://www.jmir.org/2022/12/e41972
(page number not for citation purposes)

Ndabu et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://www.jmir.org/2020/6/e15372/
http://dx.doi.org/10.2196/15372
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32484447&dopt=Abstract
https://www.jmir.org/2019/4/e12779/
http://dx.doi.org/10.2196/12779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30973347&dopt=Abstract
https://www.jmir.org/2018/5/e191/
http://dx.doi.org/10.2196/jmir.9196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29793900&dopt=Abstract
https://europepmc.org/abstract/MED/24374412
http://dx.doi.org/10.1097/MLR.0000000000000069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24374412&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-018-0703-x
http://dx.doi.org/10.1186/s12911-018-0703-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30424758&dopt=Abstract
https://europepmc.org/abstract/MED/22685360
http://dx.doi.org/10.1007/s12126-010-9077-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22685360&dopt=Abstract
http://dx.doi.org/10.1377/hlthaff.2012.1216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23381531&dopt=Abstract
http://dx.doi.org/10.1109/uemcon.2016.7777808
http://dx.doi.org/10.1016/j.hlpt.2019.10.002
http://dx.doi.org/10.1145/3373017.3373042
https://hints.cancer.gov/
https://www.jmir.org/2022/12/e41972
http://dx.doi.org/10.2196/41972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

