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Abstract

Objective: The internet serves an increasingly critical role in how older adults manage their personal health. Electronic patient portals, for
example, provide a centralized platform for older adults to access lab results, manage prescriptions and appointments, and communicate with
providers. This study examined whether neurocognition mediates the effect of older age on electronic patient portal navigation. Method:
Forty-nine younger (18–35 years) and 35 older adults (50–75 years) completed the Test of Online Health Records Navigation (TOHRN),
which is an experimenter-controlled website on which participants were asked to log-in, review laboratory results, read provider messages,
and schedule an appointment. Participants also completed a neuropsychological battery, self-report questionnaires, and measures of health
literacy and functional capacity. Results: Mediation analyses revealed a significant indirect effect of older age on lower TOHRN accuracy,
which was fully mediated by the total cognitive composite. Conclusions: Findings indicate that neurocognition may help explain some of the
variance in age-related difficulties navigating electronic patient health portals. Future studies might examine the possible benefits of both
structural (e.g., human factors web design enhancement) and individual (e.g., training and compensation) cognitive supports to improve
the navigability of electronic patient health portals for older adults.
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The vastmajority ofUS healthcare systems offer patients online access
to their electronic health records (Henry et al., 2019). These online
portals allow patients to view visit summaries, message providers,
schedule appointments, and refill medications (Department of
Health and Human Services, 2017). Use of online patient portals is
associated with greater health knowledge, self-efficacy and deci-
sion-making, and positive health behaviors (Han et al., 2019). Yet only
15–30% of patients report using even a single feature of these online
tools (Hong et al., 2020). Patients that use online portals are more
likely to beWhite women with higher levels of education and income
(Hong et al., 2020). Barriers to online patient portal use include lim-
ited access to high-speed internet, less experiencewith online commu-
nication, and lower health literacy (Coughlin et al., 2018).

Although older adults were historically unlikely to use online
patient portals (Hong et al., 2020), they now comprise nearly half
of all users (Wildenbos et al., 2018). While older adults are well
represented among online healthcare portal users, they may never-
theless have difficulties navigating such tools independently.
Qualitative studies point to two key barriers: (1) privacy and secu-
rity concerns; and (2) access and ability to use technology

(Sakaguchi-Tang et al., 2017). Indeed, older age is reliably associ-
ated with poorer internet search and navigation skills at small-to-
medium effect sizes (Agree et al., 2015). Age-related neurocogni-
tive decline may partly explain older adults’ difficulties navigating
online patient health portals. Declines in cognition (particularly in
the domains of working memory, executive functions, memory,
and visuomotor processing speed; Wecker et al., 2000), can inter-
fere with many different activities of daily living (e.g., Tucker-
Drob, 2011), including health behaviors (e.g., Park, 1992).

Internet navigation can place demands on several brain net-
works and neurocognitive abilities that commonly decline with
age (e.g., Small et al., 2009). At face value, simply operating a com-
puter involves visuomotor processing speed to efficiently navigate
the contents on a page using a keyboard and mouse, memory for
recall of passwords and search terms, and executive functions for
planning and carrying out specific goals or tasks online. Research
shows medium-to-large relationships between the accuracy of
health-related internet searches and several aspects of neurocogni-
tion, including executive functions, memory, and visuomotor
processing speed (Woods et al., 2019). Since most of these
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domains are sensitive to age-related cognitive decline, it is pos-
sible that neurocognitive abilities might partially explain the
relationship between older age and poorer internet navigation
skills (Czaja et al., 2001). Consistent with this hypothesis, pre-
vious studies have demonstrated that the effects of older age on
internet search task performance were dampened when control-
ling for neurocognition (Chevalier et al., 2015). Therefore, older
age may lead to declines in neurocognition that can also impact
effective navigation of online patient portals.

We are aware of only one prior study examining the role of neu-
rocognition in navigating online patient health portals. In 2016,
Woods et al. reported on 46 middle-aged adults with HIV and
21 seronegative participants who completed the Test of Online
Health Records Navigation (TOHRN), which is an experi-
menter-controlled task designed to simulate an online patient
health portal. Participants logged intoTOHRN, read amessage from
a healthcare provider, checked their lab results, and scheduled a fol-
low-up appointment. Participants withHIV-associated neurocogni-
tive disorders (HAND) had the lowest TOHRN accuracy scores at
large effect sizes. In the HIV sample, lower TOHRN accuracy was
associated with poorer performance on measures of memory and
executive functions, as well as with higher levels of viremia and lower
health literacy. Thus, it is reasonable to hypothesize that age-related
cognitive declines may interfere with online patient portal use
among older adults. The current study therefore extends the litera-
ture in two important ways. First, we evaluate the hypothesis that
older age is associated with increased difficulty in navigating an on-
line, performance-based patient health portal. Second, we examine
the mediating role of neurocognitive ability in the association
between older age and poorer online patient portal performance.

Methods

Participants

Study participants were drawn from 97 adults recruited from the
Houston area between March 2019 and March 2020. The parent
study examined the neurocognitive aspects of age-related difficul-
ties in different dimensions of internet navigation and was
approved by the institutional review board. Study participants were
recruited into two discrepant age groups. All procedures per-
formed involving human participants were in accordance with
the 1964 Helsinki declaration and its later amendments or compa-
rable ethical standards. Fifty-two younger adults (age 18–35 years)
were recruited from the student body of the University of Houston
via the student research management system or from the commu-
nity by word-of-mouth. Forty-five older adults (age 50þ) were
recruited through online postings (e.g., Craigslist), community
sites (e.g., libraries), and word-of-mouth. Participants who were
recruited from the university system received research credit, while
community participants received a gift card and an optional writ-
ten summary of their normative cognitive performance. Data from
the parent study are published elsewhere (e.g., Kordovski et al.,
2021; Rahman et al., 2021; Tierney et al., 2022), but the electronic
patient portal data have not previously been reported.

Inclusion criteria were adequate English language proficiency
to participate in neurocognitive testing, at least 1.5 hr of internet
use per week1 (Choi & DiNitto, 2013), and capacity to provide

informed consent. All participants obtained passing scores on
an embedded test of cognitive performance validity (Schroeder
et al., 2012) and had adequate vision, hearing, and basic motor func-
tion. We excluded participants with histories of major neurological
disorders, severe psychiatric conditions, and active substance use dis-
orders. We also excluded anyone with impaired age- and education-
adjusted normative scores (i.e., -1.5 Z-score cutoff; Rossetti et al.,
2011) on the Montreal Cognitive Assessment (MoCA; Nasreddine
et al., 2005). Two younger adults and seven older adults did not com-
plete the electronic health portal navigation tasks due to self-discon-
tinuation or technical administration issues. The final analyzable
sample included 49 younger (range 18–32 years) and 35 older (range
51–75 years) participants whose characteristics are shown in Table 1.

Materials and methods

The assessment consisted of a standardized neuropsychological
battery, self-report questionnaires, measures of health literacy
and functional capacity, and several internet navigation tasks.
Research assistants assessed each participant in-person during a
single session.

Electronic patient portal assessments

Test of online health records navigation (TOHRN)
The TOHRN is an experimenter-controlled website designed
to simulate a typical electronic patient portal interface (Woods
et al., 2016). Participants were tested using one of several Dell
PCs running Windows 10 at the recommended display settings,
using a wired internet connection and wired laser mouse. The
TOHRN website contains information about a network of provid-
ers, as well as different sections to which participants could find
information on lab results, current prescriptions and diagnoses,
andmessages from various healthcare entities. Thewebsite gave par-
ticipants access to six tabs in the navigation bar at the top of the home
page: Home, My Account, Appointment, My Medical Records,
Message Center, and Logout. Participants began by logging in to their
electronic health record using a mock username and password.
Participants were provided with the following instructions: “(1)
There are several unread messages in your message center. Log onto
thewebsite and read yourmessages; (2) Be sure to look for anymessages
regarding test results; and (3) Check your lab results. If you receive
abnormal test results, follow the instructions your doctor left in their
note to you.” Participants were read the task instructions aloud by
the examiner and provided with a hardcopy list of specific tasks they
were charged with completing, which remained visible to participants
for the duration of the examination. No examiner assistance or
prompts were provided at any time.

To complete the task accurately, the participant must log in suc-
cessfully, locate the specific message in their message center and
open it, observe that the test results are abnormal, and note that
the doctor provides instructions in a message to schedule a fol-
low-up appointment in 30 days. To follow the provider’s instruc-
tions, the participant must select the appropriate appointment
from a set of available slots displayed on a calendar in the
Appointments section. Participants received one point for each
of these step components that they completed (Cronbach’s alpha
= 0.791), which were summed to create a total score for which
higher values reflect better performance (sample range= 3–11;
maximum possible= 11). We also calculated total completion
time, which was manually recorded immediately after the instruc-
tions were read and stopped after the participant stated they were
finished.

1Recent reports suggest that older adults who use the Internet minimally report using it
at least 1.6 hr per week (van Boekel et al., 2017). Thus, the rationale for inclusion criteria of
at least 1.5 hr of internet use per week was to include minimal internet use based on pop-
ulation internet use in order to reflect the construct we were attempting to measure (i.e.,
electronic patient health portal navigation).
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An alternate version of the TOHRN task was also administered
in a counterbalancedmanner with approximately 2.5 hr in between
administrations. The alternate version was similar in structure to
the standard version but differed in the specific message content,
provider information, and scheduling details. Participants received
one point for each accurately completed step (alpha= 0.808),
which were summed to create a total score for which higher values
reflect better performance (sample range = 2–11; maximum pos-
sible = 11). The accuracy scores from standard and alternate ver-
sions showed a large correlation (rs = .52) and did not differ
significantly in the full sample (p= .461). None of these cross-form
associations varied meaningfully by age group (ps < .05). In order
to minimize Type 1 error, a composite TOHRN score was created
by summing the total accuracy scores from standard and alternate
versions (alpha = .869, range= 6–22). Note that findings reported
below did not differ if the individual TOHRN accuracy forms were
used instead of the composite score.

With regard to completion time scores for the TOHRN, we did
not see any significant overall differences in the full sample between
performance on the standard (237 ± 171 s) and alternate (201 ± 133)
versions (p = .096). Yet, these two TOHRN completion time scores
were only weakly correlated (rs = .17, p = .114). As such, we do not
report any further analyses related to TOHRN completion time.

Self-report questionnaires
Participants completed a 6-item scale measuring their perceived
self-efficacy using electronic patient portals (Davis, 1989; e.g.,

“I find my online healthcare management website easy to use”).
Each item was rated on a scale from 0 (strongly disagree) to 4
(strongly agree). A total score (alpha = .950) was derived by sum-
ming the 6 items (sample range= 0–24), with higher scores reflect-
ing greater levels of self-efficacy. We also adapted a single item
from Davis (1989) to measure the frequency with which partici-
pants used electronic patient portals in their daily lives, which
ranged from 1 (not at all) to 6 (several times per day). The sample
range was 1–4 (several times per week).

Neuropsychological assessment

The neuropsychological battery tests executive functions, attention,
verbal memory, and visuomotor processing speed. Executive func-
tions were measured using the 20-Questions subtest (abstraction
score) of the Delis-Kaplan Executive Function System (D-KEFS;
Delis et al., 2001), Condition 4 (Letter-Number Sequencing) of
the D-KEFS Trail Making Test (TMT) completion time, and the
Action (Verb) Fluency test (Piatt et al., 1999; Woods et al., 2005).
Attention was measured using the Digit Span Total score of the
Weschler Adult Intelligence Scale – IV (WAIS-IV; Wechsler,
2008) and a timed 30-s version of the Serial Sevens Test
(Manning, 1982). Trials 1–4, Short Delay Free Recall, and Long
Delay Free Recall of the California Verbal Learning Test-Second
Edition Short Form (CVLT-II SF; Delis et al., 2000) were used
to measure verbal memory. Visuomotor processing speed was
measured using Conditions 1–3 and Condition 5 of the D-KEFS

Table 1. Descriptive characteristics of the older and younger study groups

Characteristic Older (n= 35) Younger (n= 49) p-value

Demographics
Age (years) 60.9 (6.4) [51–75] 22.3 (3.8) [18–32] <.001
Gender (% women) 63 74 .301
Education (years) 15.6 (2.4) [12–20] 14.9 (1.3) [12–20] .419
Race/ethnicity (%)

White 63 39
Black 11 6
Hispanic 9 31
Other 17 25 .032

Health factors
SCQ medical conditions 1.5 (1.4) [0–5] 1.0 (0.9) [0–3] .306

Healthcare contacts 5.7 (6.7) [0–24] 3.3 (4.0) [0–20] .123
Psychiatric symptomsa 8.9 (9.3) [0–35] 16.8 (8.9) [0–43] <.001
Newest vital sign (of 6) 4.8 (1.1) [2–6] 4.6 (1.3) [1–6] .363
Expanded numeracy scale (of 7) 5.9 (1.3) [2–7] 5.5 (1.6) [3–7] .169

eHEALS (of 30) 24.2 (4.6) [16–32] 24.3 (4.2) [14–32] .828
General cognitive functioning
WRAT-4 reading total (of 70) 62.9 (3.7) [53–68] 60.4 (4.6) [45–69] .006
MoCA (of 30) 25.3 (2.3) [21–30] 26.3 (2.4) [21–30] .074
MoCA (Z score) 0.3 (0.7) [-1.1–1.7] 0.2 (0.9) [-1.5–1.6] .519

Internet
eHealth portal self-efficacy (of 24) 15.9 (4.5) [6–24] 14.9 (5.5) [0–24] .297
eHealth portal use frequency (of 5) 1.9 (0.7) [1–4] 1.7 (0.7) [1–4] .127
General internet use frequency (of 63) 34.9 (21.3) [3.5–63] 50.5 (14.6) [11.2–63] .001
Internet anxiety (of 24) 6.3 (3.5) [2–14] 5.7 (3.0) [2–18] .553
Internet speed at testingb

Pre–test Ping (ms) 2.3 (2.8) [1–18] 2.4 (1.3) [1–8] .815
Post–test Ping (ms) 1.7 (0.6) [1–3] 2.3 (0.9) [1–5] <.001

TOHRN accuracy (total)c 15.8 (4.2) [6–21] 18.0 (3.2) [10–22] .013
TOHRN accuracy (standard form; of 11) 7.7 (2.3) [3–11] 8.9 (1.8) [5–11] .031
TOHRN accuracy (alternate form; of 11) 8.11 (2.3) [2–11] 9.1 (1.8) [4–11] .025
TOHRN time to completion (s) 587.9 (281.4) [239–1202] 331.1 (192.0) [154–1202] <.001

Note. Data represent M (SD) [Sample range] or %; eHEALS = Electronic Health Literacy Scale; MoCA=Montreal Cognitive Assessment; SCQ= Self-Administered Comorbidity Questionnaire;
WRAT-4=Wide Range Achievement Test, Fourth Edition.
aAs measured by DSM-5 cross-cutting symptoms questionnaire in the DSM-5 (Diagnostic and Statistical Manual).
bPer speedtest.net.
cA composite TOHRN score was created by summing the total accuracy scores from standard and alternate versions (alpha = .869, range= 6–22).
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TMT. Raw total scores of these neuropsychological tests were con-
verted to sample-based Z scores.

Sample characterization

Participants completed a demographics form, the Self-
Administered Comorbidity Questionnaire (SCQ; Sangha et al.,
2003), the Level-1 Cross-Cutting Symptom measure from the
Diagnostic and Statistical Manual of Mental Disorders (5th
Ed.; American Psychiatric Association, 2013), and the reading
subtest of the Wide Range Achievement Test-Version 4
(WRAT-4; Wilkinson & Robertson, 2006). General internet
use quantity and frequency over the past 30 days was measured
with three items (Baggio et al., 2017) that were collapsed into a
single score (range = 0–63), with higher scores indicating more
use. Internet anxiety was measured with 6 questions drawn from
Joiner et al. (2007; e.g., “I always feel anxious when using the
internet”). These items were rated on a five-point scale from
0 (strongly disagree) to 4 (strongly agree) and were summed
(range = 0–24), with higher scores reflecting greater anxiety.
General health literacy was measured with the Expanded
Numeracy Scale (Lipkus et al., 2001), the Newest Vital Sign
(Weiss et al., 2005), and the eHealth Literacy Scale (eHEALS;
Norman & Skinner, 2006).

Data analysis

All analyses were conducted using SPSS (version 25.0). Visual
inspection and screening of the data were conducted to ensure
accuracy, identify outliers, and detect missing data (Van den
Broeck et al., 2005). The few outliers that existed were Winsorized
(Tabachnick&Fidell, 2013), which reduced skew towithin acceptable
levels. TOHRN variables were non-normally distributed (Shapiro–
Wilk W ps < .0001), so nonparametric tests (e.g., Spearman’s rho)
were used for univariable analyses wherever possible. Principal com-
ponent analysis (PCA; SPSS version 25) was first used to develop a
total cognitive composite score from the sample-based neurocogni-
tive Z scores. Factor loadings≥ 0.40 were considered significant for
individual items (Floyd & Widaman, 1995) and eigenvalues≥ 1.0
were considered significant for a factor (Kaiser, 1960). The optimal
number of components was determined by scree plots and parallel
analysis to compare the components to simulated chance values
(Glorfeld, 1995; O’Connor, 2000). Data were inspected prior to the
analysis to ensure that the following assumptions aremet: (1) univari-
ate normality; (2) each factor comprised of >3 variables; (3) the ratio
of respondents to variables is a minimum 5:1; (4) the correlation
between the variables is >0.30; (5) any missing data are at random;
and (6) there is no multicollinearity or singularity (Field et al., 2012;
Yong & Pearce, 2013).

The main study hypotheses were investigated with a mediation
model (MacKinnon-et al., 2007) using the PROCESS module for
SPSS (Hayes, 2013). The model included age as the independent
variable, the total cognitive PCA composite score as the mediator,
and TOHRN accuracy as the dependent variable. PROCESS uses
an observed variable ordinary least squares regression-based path
analysis. All models were interpreted using maximum likelihood
estimation and 95th percentile bootstrapped confidence intervals,
which allows for non-normal data. Effect sizes were interpreted
as the percent of the total effect (c-path) that is accounted for
by the indirect effect (a x b). If the direct effect (c’-path) is larger
than the total effect, the absolute value of the total value of the
direct path will be used to calculate effect size. Effects were not con-
sidered significant if the 95% CI contained zero. Of note, for

dichotomous independent variables, the PROCESS module gener-
ates standardized regression coefficients in partially standardized
form. For the proposed model, given large effect size of α, a
medium effect size of ß, a c’ value of .14 (which indicates a partially
mediated model), the sample size required to conduct a mediatio-
nal analysis with .8 statistical power would be 59 participants
(Fritz & MacKinnon, 2008).

Results

Preliminary analyses

Factor structure of the neurocognitive measures
The PCA revealed that all the cognitive measures except D-KEFS
20-Questions, WAIS-IV Digit Span Total, and the Serial Sevens
Test significantly loaded onto a single factor (See Table 2). As such,
these three measures were excluded from the total cognitive
composite factor scores and all primary and exploratory analyses.
After removing the three measures mentioned above, the Kaiser–
Meyer–Olkin (KMO) measure of sampling adequacy was 0.771,
suggesting acceptable sampling and utility of the PCA for the pur-
poses of the analysis (Kaiser, 1960). Bartlett’s test of sphericity was
significant, approximate X2(36) = 372.3, p < .001, suggesting suf-
ficient relation between variables to detect an underlying compo-
nent structure. The remaining nine Z scores loaded on to a single
component in the PCA analysis, which accounted for 32.2% of the
total variance (alpha = .756). Thus, the factor scores from this sin-
gle component of neurocognitive functioning were used for the
primary analyses. See Supplementary Table 1 for primary cognitive
variables in the older and younger study groups.

Determining covariates for the primary mediation model
We adopted a confound approach (Field-Fote, 2019) to select cova-
riates for the mediation model. Specifically, any descriptive varia-
ble in Table 1 that differed significantly by age group and was

Table 2. Total cognitive composite principal component analysis (PCA) loadings

Characteristic

Component
(32.2% of
variance)
Eigenvalue:

3.86

Component 2
(18.8% of
variance)

Eigenvalue: 2.26

Component 3
(12.8% of
variance)

Eigenvalue: 1.54

WAIS-IV digit span
total

– – .770

Serial 7s – – .741
D-KEFS 20-questions – – –
D-KEFS TMT
condition 4 (s)

.733 – –

Action (verb) fluency .522 – –
CVLT-II SF trials 1–4 .702 .493 –
CVLT-II SF SDFR .502 .695 –
CVLT-II SF LDFR .445 .729 –
D-KEFS TMT
condition 1 (s)

.546 – –

D-KEFS TMT
condition 2 (s)

.751 -.482 –

D-KEFS TMT
condition 3 (s)

.820 -.404 –

D-KEFS TMT
condition 5 (s)

.609 -.467 –

Note. Data represent component loading scores; D-KEFS= Delis-Kaplan Executive Function
System; TMT= Trail Making Test; WAIS-IV=Weschler Adult Intelligence Scale – IV; CVLT-II
SF= California Verbal Learning Test-Second Edition Short Form; SDFR= Short Delay Free
Recall; LDFR= Long Delay Free Recall.
Kaiser–Meyer–Olkin (KMO) = .752; Bartlett’s test of sphericity: X2(66)= 424.6; p < .001.

Journal of the International Neuropsychological Society 665

https://doi.org/10.1017/S1355617722000650 Published online by Cambridge University Press

https://doi.org/10.1017/S1355617722000650
https://doi.org/10.1017/S1355617722000650


significantly associated with TOHRN was included as a covariate.
This approach was taken to avoid over-saturating the mediation
model, which was important given the relatively small sample sizes.
The age groups differed on race/ethnicity, WRAT-4 word reading,
internet use frequency, internet connection speed, and current psy-
chiatric symptoms (ps < .05), but none of these factors were asso-
ciated with TOHRN accuracy in the full group or in the separate
age groups (all ps > .05). As such, no covariates were included in
the models.2 See Supplementary Table 2 for a simple correlation
matrix of relevant demographic variables.

Primary analyses

Univariable correlations
Table 3 shows the univariable correlation coefficients between age,
TOHRN accuracy, and total cognitive PCA factor scores. Older age
was significantly associated with lower TOHRN accuracy at a small
effect size (p = .013). The total cognitive composite was negatively
associated with age (p < .001) and positively associated with
TOHRN accuracy (p < .001) at broadly medium effect sizes.

Mediation analyses of age, cognition, and TOHRN accuracy
As shown in Figure 1, the total cognitive Z-score PCA composite
was a significant full mediator of the relationship between age and
TOHRN accuracy (b= -0.47, 95% CI [-0.73, -0.24]). Findings indi-
cated that older adult participants were expected to obtain 1.77
points lower on TOHRN accuracy than younger adult participants,
and this score discrepancy was mediated by the total cognitive
composite. After accounting for the effect of the cognitive composite,
age did not have a significant direct effect on TOHRN accuracy
(b= -0.40, 95% CI [-1.99, 1.18]). Of note, changing the age variable
from categorical to continuous did not significantly impact the results
of this model.3

Post hoc analyses

Domain-level mediators of the association between age and
TOHRN accuracy
Given that the total cognitive composite included tests that assess
different domains, we conducted a series of post hoc analyses to
examine possible domain-level associations. First, PCAs were con-
ducted to create domain-level composite scores based on a priori
groupings of tests of attention, speeded executive functions, visuo-
motor processing speed, and verbal memory (see Supplementary
Table 3). The psychometrics of the attention and speeded executive
functions domains were deemed unacceptable for further analysis.
Both verbal memory and visuomotor processing speed had accept-
able sampling and utility and sufficient relation between variables
(KMO range: 0.709–0.760; Bartlett’s test of sphericity: all ps<
0.001). Results showed that both verbal memory (b= -0.14, 95%
CI [-0.28,-0.02]) and visuomotor processing speed (b= -0.34,
95%CI [-0.56, 0.09]) were significant full mediators of the relation-
ship between age group and TOHRN accuracy.

Discussion

While older adults have becomemore likely than younger adults to
utilize online healthcare portals (Hong et al., 2020), they never-
theless have lower self-efficacy in navigating such systems (e.g.,
Nahm et al., 2020). The present study demonstrated that older
adults are less accurate in their performance on an online patient
portal navigation task (i.e., TOHRN) as compared to younger
adults. That is, older adults had more difficulty navigating a health
website to read their lab results, communicate with providers, and
schedule an appointment as compared to younger adults.
Importantly, these age-related differences were associated with
medium effect sizes and were not confounded by relevant socio-
demographic (e.g., gender, education) and online factors (e.g., por-
tal use frequency, self-efficacy).

One potential reason for this age-related difference in online
patient portal performance is age-related neurocognitive decline.
Online health navigation can be complicated and may place high
demands on different aspects of cognition that are sensitive to age-
related decline, including attention, episodic memory, visuomotor
processing speed, and executive functions (Kordovski et al., 2021;
Woods et al., 2016). As expected, we observed that neurocognitive
functioning played a significant role in the observed age discrep-
ancies in online patient portal performance in the current sample.
Specifically, the primary model showed a full mediating effect of
the total cognitive composite on age group differences in online
patient portal performance. The effect sizes associated with the
total cognitive composite mediation indicated that older adult par-
ticipants were expected to obtain 1.77 points lower on TOHRN
accuracy than younger adults. Importantly, the effect sizes for uni-
variable correlations between age, the total cognitive composite
and online patient portal accuracy were again quite large, sug-
gesting that they may be of practical relevance. At face value, it
is easy to appreciate the role that different aspects of cognition
might play in navigating an online health portal. Once logged
in, the multistep process of navigating a health portal may present
a challenge for older individuals experiencing difficulties in gener-
ativity, problem-solving, and cognitive flexibility (e.g., Pak & Price,
2008). In order to follow the provider’s instructions on the
TOHRN task, participantsmust be able read and interpret themes-
sage, disengage from the provider note, navigate a pathway to the
appointment scheduling tab, and complete several sequential
action steps. In this way, the observed relationship between age,

Table 3. Zero-order correlation matrix of all primary variables in the mediation
models

Age TOHRN accuracy

1. Agea – –
2. TOHRN accuracy -.27* –
3. Total cognitive composite -.43** .42**

Note. The values in this table reflect the Spearman’s correlation between each variable. Test
of Online Health Records Navigation = TOHRN.
*Indicates correlation is significant at p < .05 level.
**Indicates correlation is significant at p < .01 level.
aFor univariable correlations with a continuous and a dichotomous variable, values in this
table reflect point-biserial correlations.

2We acknowledge that there is heterogeneity in how covariates can be selected. As such,
we conducted post hoc analyses to confirm that themanner in which covariates were evalu-
ated did not meaningfully affect the final results. The observedmediating effects of the total
cognitive composite and Domain-Level cognition were not altered when we instead used
either a true covariate approach (i.e., including any variable that differed significantly by
age group irrespective of their relationship to TOHRN) or an a priori approach (i.e., medi-
cal comorbidities and internet use). In other words, the mediating effects of the total cog-
nitive composite and Domain-Level cognition remained consistent with multiple
approaches to determining covariates.

3We chose to report on accuracy scores instead of time to completion to structurally
limit the risk of Type 1 error, and out of presumed lack of general community interest
about showing age effects on another speeded test. Nevertheless, we do see an effect of
age on TOHRN time to completion (b= 160.3, 95% CI [54.1, 266.5), which is partially
mediated by the total cognitive Z-score PCA composite (b= 0.36, 95% CI [0.15, 0.57]).
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online health navigation, and neurocognitive functions aligns with
prior studies showing moderate associations between cognition
and other aspects of internet navigation, including household tasks
(e.g., shopping, banking) and health-related internet searches
(Woods et al., 2019).

Of course, any conclusions that can be drawn about the asso-
ciations between age, cognition, and online health portal func-
tioning are limited by the number and type of tests used in the
battery. Given the multifactorial nature of the tests that com-
prised the total cognitive composite and prior studies showing
domain-specificity in cognition’s role in internet navigation
skills (Woods et al., 2019), we conducted post hoc analyses to
examine possible domain-level associations. Unfortunately,
the tests that comprised the attention and speeded executive
functions domains did not show adequate psychometrics and
were dropped from further consideration. Interestingly, both
of the remaining domains (i.e., verbal memory and visuomotor
processing speed) mediated the association between age and
TOHRN accuracy. Therefore, the current study does not pro-
vide any evidence of domain specificity in cognition’s associa-
tion with online patient portal navigation. We acknowledge
that absence of evidence is not evidence of absence and therefore
future studies may wish to replicate these findings and include
more robust domain-level measurements. Such studies might
also strive to include other domains relevant to age-related cog-
nitive declines, such as visual attention and visual memory (e.g.,
Gazzaley et al., 2008; Madden, 2007).

Future work is also needed to examine the possible benefits of
both structural (e.g., human factors web design enhancement;
Lyles et al., 2021) and individual (e.g., training and compensation;
Wildenbos et al., 2019) cognitive supports to improve the navi-
gability of electronic patient health portals for older adults. As on-
line health portal technology advances and adoption rates increase,
overall quality of patient portals must be further investigated and
improved to meet the needs of the growing number of older adult
users. Older adults commonly express concern with themany chal-
lenges involved in utilization of these tools, including cumbersome
processes for accessing portals, variations in provider availability
for online scheduling, data security, lack of personalization, and
limited technical support (e.g., Irizarry et al., 2015). Common rec-
ommendations for increasing patient portal use among older
adults and vulnerable populations have focused on screening for
eHealth literacy and promoting proxy users (Price-Haywood
et al., 2017). In addition, developers might consider building
user-friendly tutorials into the patient portal apps and sites that
can help alleviate some of the cognitive demands of these tools.
Examples might include a step-by-step guide of how to navigate
the portal, use of larger font, the integration of salient notifications,

and user-friendly, organized interfaces that could help older adults
better manage the complexities of online patient portals.

Findings should be interpreted with consideration of their lim-
itations. First and foremost, our relatively small sample poses an
increased risk of Type II error, particularly as concerns the analyses
of confounding factors and the generalizability of our findings.
Nevertheless, we were adequately powered to detect the hypoth-
esized primary effects. Future studies should aim to include a full
lifespan sample in order to examine these effects with age as a con-
tinuous variable. Moreover, the current study included primarily
college students in the younger sample and highly educated per-
sons in the older sample, which may limit the generalizability of
the findings. Second, our analyses used cross-sectional data to
examine mediation, which precludes inferences regarding tempo-
ral causality between aging, neurocognitive declines, and sub-
sequent decline in everyday online health-related behaviors.
Moreover, given the simultaneous occurrence of cognitive decline
and TOHRN performance inaccuracy, the relationship between
age-related difficulties with neurocognition and navigating elec-
tronic patient health portals may be bidirectional. For example,
older adults who have difficulty accessing and using online patient
portal tools may be suboptimally engaged in their healthcare lead-
ing to poorer health status (Simmons et al., 2014). In turn, poorer
health status may be contributing to declines in cognitive function-
ing (e.g., Bond et al., 2006). Future studies should examine whether
the effect of age and online patient portal accuracy through neuro-
cognition can be observed in prospective, longitudinal studies.
Third, there are a variety of unmeasured medical and psychiatric
conditions that are mild and could affect cognition that are not
reflected as possible covariates in the current study (e.g., develop-
mental disorders, pulmonary diseases).

A final word of caution is that the TOHRN is a relatively new
task. Although it showed evidence of internal consistency and
cross-form reliability for accuracy in this sample, its psychometric
properties remain to be systematically explored (e.g., test–retest
reliability, internal consistency in other populations). Although
our data did not show practice effects on TOHRN accuracy and
the correlation between the two versions was in the large range,
the two forms of this measure cannot be considered parallel forms.
Indeed, the time to completion scores were very weakly associated
with one another and we are therefore unable to speak to the
speeded aspects of the TOHRN. Based on the current data, future
studies and clinicians should consider using only the accuracy
scores from both forms in conjunction with one another. It should
also be noted that the primary form of the TOHRN accuracy score
shows some evidence of construct validity on its own (Woods et al.,
2016). Despite this caveat, the current study has several notable
strengths, including the use of a performance-based internet

Age
(dichotomous)

Global
neurocogni�on

Z-scores

TOHRN accuracy
-0.40 [-1.99, 1.18]

1.94 [1.15, 2.72]
-.92 [-1

.31, -0
.52]

Par�ally Standardized Indirect: -0.47 [-0.73, -0.24]

Figure 1. Mediation model with partially standardized
bootstrap estimates and 95% confidence interval values
for age group (n= 35 older adults; n= 49 younger adults)
and TOHRN accuracy mediated by the total cognitive
composite.
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navigation task with adequate internal consistency, the ability to
manage confounds based on a well-characterized sample, and
the use of clinical tests of neurocognition. Future studies may wish
to examine the potential mediating effect of neurocognition on the
relationship between age and amore comprehensive series of inter-
net tasks of everyday functioning that include other measures of
online healthcare (e.g., provider and insurance searches), commu-
nication (e.g., email and social networking), transportation (e.g.,
planning a trip on a mass transit system), and household activities
(e.g., shopping and banking).

Supplementary material. The supplementary material for this article can be
found at https://doi.org/10.1017/S1355617722000650
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