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Abstract

INTRODUCTION: We investigated the feasibility and validity of the remotely-
administered neuropsychological battery from the National Alzheimer’s Coordinating
Center Uniform Data Set (UDS T-Cog).

METHODS: Two hundred twenty Penn Alzheimer’s Disease Research Center partici-
pants with unimpaired cognition, mild cognitive impairment, and dementia completed
the T-Cog during their annual UDS evaluation. We assessed administration fea-
sibility and diagnostic group differences cross-sectionally across telephone versus
videoconference modalities, and compared T-Cog to prior in-person UDS scores
longitudinally.

RESULTS: Administration time averaged 54 min and 79% of participants who initiated
a T-Cog completed all 12 subtests; completion time and rates differed by diagnostic
group but not by modality. Performance varied expectedly across groups with mod-
erate to strong associations between most T-Cog measures and in-person correlates,
although select subtests demonstrated lower comparability.

DISCUSSION: The T-Cog is feasibly administered and shows preliminary validity
in a cognitively heterogeneous cohort. Normative data from this cohort should be

expanded to more diverse populations to enhance utility and generalizability.

KEYWORDS
accessibility, Alzheimer’s Disease Research Center, COVID-19, digital neuropsychology, norma-
tive data, T-Cog, teleneuropsychology, Uniform Data Set

Highlights
* This study examined the feasibility and validity of the remote Uniform Data Set (also

known as the T-Cog) and contributes key normative data for widespread use.
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impaired groups.

1 | INTRODUCTION

In response to the coronavirus disease 2019 (COVID-19) pandemic, in-
person clinical and research activities around the world came to a halt.
As clinicians grappled with delivering quality health care while minimiz-
ing exposure risk, researchers of longitudinal trials were faced with the
challenge of maintaining data collection.? It was unclear whether shift-
ing to remote protocols would be (a) worthwhile given the uncertain
duration of the pandemic, (b) feasible, and (c) valid. Limited normative
data for remotely administered neuropsychological measures posed
an additional challenge in characterizing clinical groups and main-
taining the longitudinal fidelity of research databases.? The National
Alzheimer’s Coordinating Center (NACC) for the National Institute on
Aging (NIA) Alzheimer’s Disease Research Centers (ADRCs) responded
to this dilemma. In June 2020, members of the NACC ADRC Clini-
cal Task Force Cognitive Working Group worked to quickly expand
telehealth data collection and shift administration of the standard-
ized annual evaluation (the Uniform Data Set version 3; UDSv3) to
remote formats. This included a remote neuropsychological battery,
also known as the T-Cog, whose preliminary feasibility and test-retest
reliability has been recently reported by Sachs et al. (2024) and Howard
et al. (2023).3* Herein, we expand upon the feasibility and validity
findings surrounding use of the T-Cog in a longitudinal sample at the

University of Pennsylvania (Penn ADRC).

1.1 | Brief background of teleneuropsychology
Although the COVID-19 pandemic was an impetus for increased
telehealth utilization, digital platforms for neuropsychological assess-
ment had emerged several years prior.® Teleneuropsychology, initially
defined by Cullum and Grosch (2013) and later by Bilder and col-
leagues (2020), was seen as a means to increase access gaps due to
geographical or mobility barriers.®~8 A handful of prepandemic studies
compared in-person to remote assessments and generally demon-
strated adequate concurrent validity, including strong within-person,
across-modality correlations for tests of global cognition, memory,
attention, and language among healthy adults and those with vary-
ing degrees of cognitive impairment?~11; see Brearly et al. (2017) and
Marra et al. (2020) for systematic reviews.'213

Teleneuropsychology expanded dramatically in response to the

COVID-19 pandemic. According to a survey by Fox-Fuller and col-

used with caution.

* A remote neuropsychological battery was feasibly administered with high over-
all engagement and completion rates, adequate reliability compared to in-person
testing, and evidence of validity across diagnostic groups.

* Typical barriers to administration included hearing impairment, technology issues,

and distractions; hearing difficulties were particularly common among cognitively

* Certain tests were less closely related to their in-person correlates and should be

leagues (2022) including 87 licensed and nonlicensed U.S. professionals
using teleneuropsychology with adults, 82% of respondents had used
teleneuropsychology only since the COVID-19 pandemic.?2 The pre-
dominant devices used were computers (84%), tablets (52%), and
telephone audio calls (43%). Given the postpandemic uptick in remote
assessment, the Inter Organizational Practice Committee released
guidance including strategies to select appropriate measures, logistical
considerations, and processes to weigh the risks and benefits of remote
administration for each examinee.®* Still, hesitations remain among
neuropsychologists who are more confident in remote formats for his-
tory taking or feedback rather than standardized assessment. 1°1¢
Most published teleneuropsychology studies are limited to clinic-to-
clinic settings, whereas very few have examined home-based remote
assessment where noncontrolled environments can pose additional
confounds.261317-20 Gijven the ethical concerns surrounding limited
computer and internet access,’®21 an additional gap in the teleneu-
ropsychology literature includes telephone-based modalities that may
be more accessible and familiar than videoconference platforms among
older adults and individuals from lower socioeconomic backgrounds.>¢

Herein, we contribute insights from over 1-year of remote assess-
ment of the UDS in a heterogeneous group of ADRC research par-
ticipants across the cognitive spectrum, adding to the literature on
the feasibility and validity of remote neuropsychological assessment
of older adults. We provide normative data for use in other clinical
and research settings with similar demographic characteristics. In addi-
tion to cross-sectional results from administration of the T-Cog at a
single timepoint, we present longitudinal results from a subset of well-
characterized clinical research participants to examine the concurrent
validity and reliability of remote (T-Cog) versus prior in-person test-
ing. Our findings add to the literature on remote neuropsychological
assessment and help inform the appropriateness of continued use of

the T-Cog within clinical and research settings.

2 | METHODS

2.1 | Study design and population

The Penn ADRC recruits participants from the Penn Memory Cen-
ter and the Philadelphia community to join the Clinical Core cohort
and complete annual visits. The UDS includes collection of medical

and psychiatric history, neurologic exam, self- and partner-report of
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RESEARCH IN CONTEXT

1. Systematic review: The authors of this study reviewed
literature concerning teleneuropsychology, its evolution
in response to the coronavirus disease 2019 (COVID-19)
pandemic, and applications for Alzheimer’s disease (AD)
longitudinal trials.

2. Interpretation: The remotely-administered Uniform
Data Set (UDS; T-Cog) was feasibly administered over
the phone or videoconference to older adult research
participants across the cognitive aging spectrum and
demonstrated evidence of preliminary validity. Common
barriers to administration included hearing impairment,
technical difficulties, and distractions. Feasibility was
relatively lower among participants with dementia-level
cognitive impairment. Select subtests, including Oral Trail
Making Test, demonstrated lower feasibility, validity, and
reliability.

3. Future directions: Preliminary findings and normative
data presented here should be expanded to include more
diverse populations to enhance the accessibility and gen-
eralizability of remote neuropsychological services in AD
research studies.

cognitive and neuropsychiatric symptoms, and a battery of neuropsy-
chological tests.?2 Consensus diagnosis is completed on a yearly basis
based on the above information by a panel of clinicians. In response to
COVID-19, NACC compiled a remote version of the neuropsychologi-
cal battery (T-Cog) using tests with previously demonstrated feasibility
in remote administration and to allow for both telephone and video
formats (see Figure 1).

Administration of the T-Cog began in June 2020 at the Penn ADRC.
Although the T-Cog is still used in limited cases, most initial T-Cog
administrations occurred between June 2020 and September 2021.
All visits were conducted in English and only among participants who
are fluent in and prefer English testing, as Spanish-speaking examin-
ers were not available at that time. As of September 2021, more than
200 Penn ADRC participants had completed the T-Cog, and many had
completed the in-person UDS in prior years. The present observational
study focuses on individuals who met criteria for unimpaired cognition
(UC), mild cognitive impairment (MCI), or dementia due to Alzheimer’s
Disease (AD) based on consensus diagnosis following completion of
the T-Cog. We also examined data from a subset who completed prior
annual in-person UDS testing approximately ~2 years (T1) and 1-year
(T2) before their remote T-Cog testing (T3) (see Figure 2; average
duration between T3 and T2 (means + SD) = 426 + 56 days; T2 and
T1 = 381 + 50 days). These longitudinal data spanning three con-
secutive timepoints allowed us to account for random within-person
effects for all remaining analyses. Participants who reverted to UC

(e.g., assigned a consensus diagnosis of MCl at T2 then UC at T3) were

Disease Monitoring

excluded from the sample. Participants who progressed (n = 12) were
included and their diagnosis at the most recent timepoint (T3) was
used.

2.2 | Administration of cognitive, psychological,
and functional measures

The T-Cog includes measures spanning domains of global cognition
(Montreal Cognitive Assessment—Blind (MoCA-B),2324 verbal mem-
ory (Craft Story 21 Immediate and Delayed Recall [Story Recall

Immediate/Delay]),2®

attention/working memory (Number Span For-
ward & Backward [Digits Forwards/Backwards]),?? language (Verbal
Naming Test; Letter and Category fluency),2%22 and executive func-
tioning and processing speed (Oral Trail Making Test Parts A/B [Oral
Trails A/B]).2” As shown in Figure 1, the T-Cog does not include mea-
sures of visuospatial skills or visual memory due to constraints of the
administration format.

T-Cog examiners were Bachelors-level or Master’s-level clinical
research coordinators (CRCs) trained to administer the T-Cog accord-
ing to standardized procedures and demonstrated proficiency through
a certification process, consistent with training employed for the
traditional in-person UDS. The T-Cog manual provided by NACC
(naccdata.org) includes detailed instructions and prompts at the
beginning of testing to ensure basic requirements for valid adminis-
tration are met, including minimizing distractions, ensuring privacy,
confirming adequate hearing and/or vision, and agreeing to com-
plete the evaluation independently. Modality of testing (telephone
vs videoconference) was determined in advance by asking partic-
ipants to designate their preference and confirm access to requi-
site technology (e.g., device with or without video capability, inter-
net access). If completing testing via videoconference, the study
team sent a Health Insurance Portability and Accountability Act
(HIPAA)-compliant video call link to the participant’s established email
address.

Neuropsychiatric symptoms were measured with the Geriatric
Depression Scale (GDS; self-report)28 and Neuropsychiatric Inven-
tory (NPI-Q; partner report).2? Everyday functioning was reported
by the study partner on the Functional Rating Scale (FRS)3° and the
Functional Assessment Scale (FAS).3! Global cognitive and functional

abilities were also assessed via the Clinical Dementia Rating (CDR)

scale.32
2.3 | Statistical analysis
2.3.1 | Feasibility: Is it feasible to administer the

UDS remotely to individuals across the cognitive aging
spectrum?

Rates of initiating versus declining to engage in remote testing were
collected among participants who completed a portion of their annual

UDS visit within the T3 study period. Among those initiating a
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Domain UDS v3 in-person UDS v3 T-Cog

Global Cognition MoCA MoCA-Blind?

Verbal Memory Craft Story 21 Immediate & Craft Story 21 Immediate &
Delayed Recall Delayed Recall

Visual Memory Benson Complex Figure
Delayed Recall & Recognition

Attention & Number Span Forward & Number Span Forward &

Working Memory Backward Backward

Visuospatial Benson Complex Figure Copy
MoCA Visuospatial items

Language Multilingual Naming Test Verbal Naming Test
(MINT)

Verbal Fluency Letter (F, L) & Category Letter (F, L) & Category
(Animals, Vegetables) Fluency = (Animals, Vegetables) Fluency

Executive Trail Making Test Parts A/ B Oral Trail Making Test Parts

Functioning & A/B

Processing Speed

2Excludes naming, visuospatial and set switching items from the MoCA

Difference in modality only

Difference in cognitive process
Unavailable via remote administration

FIGURE 1 Comparison of in-person versus remote UDS measures by cognitive domain. UDS, Uniform Data Set.

T1
October 2017 - March 2019
[UDS in-person]
N=125

T2
January 2019 - March 2020
[UDS in-person]
N=184

T3
June 2020 - September 2021
[UDS remote /T-Cog]
N=220

FIGURE 2 Flowchart depicting repeat UDS evaluations including
two in-person (T1 and T2) and one remote (T3; T-Cog) timepoint. The

average duration between T3 and T2 was 426 + 56 days, and between
T2 and T1was 381 + 50 days.

T-Cog, administration data from individuals with diagnoses of UC,
MCI, or AD were collected. Descriptive statistics were used to char-
acterize feasibility of the administration, including duration, modality
of administration (telephone vs videoconference), examiner-assigned
validity ratings, and completion rates. To determine the impact of

diagnostic group and modality of administration on feasibility out-
comes, results were examined across groups using between-groups
analysis of variance (ANOVA), chi-square analyses, or nonparamet-
ric equivalents when appropriate. Contributors to poor test validity
were probed by comparing valid versus invalid administrations across

several participant features using ANOVA and chi-square analyses.

2.3.2 | Group differences: Does performance on the
T-Cog vary across diagnostic groups as expected?

Performance on T-Cog measures at T3 was examined across the three
diagnostic groups to test for expected decrements across increasing
levels of cognitive impairment. Because variables were approximately
normally distributed, univariate linear regression analyses were used,
covarying for age, sex, race, education, and depression. These covari-
ates were chosen a priori given their known associations with neu-
ropsychological test performance.®3-38 Analyses were repeated with
and without participants whose administration was rated as “question-
ably valid” or “invalid,” across all modalities, and stratified by telephone
versus videoconference modality. We hypothesized that performance
on the T-Cog would differ significantly across diagnostic groups, with
the UC group performing the best and the AD group performing the
worst.
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2.3.3 | Concurrent validity and reliability in
asymptomatic individuals: Is performance on the
T-Cog comparable to performance on prior in-person
testing among those with UC?

To examine concurrent validity, we compared scores on the T-Cog
at T3 to the in-person UDS in the UC group, excluding questionably
invalid or invalid T-Cog results. First, related-samples Wilcoxon signed-
rank tests were used to compare features of the UC group across
timepoints T2 and T3 to explore whether participants changed during
this timeframe. Next, we examined Spearman’s correlation coefficients
between in-person (T2) and remote (T3) UDS tests and used two-way
mixed effects, absolute agreement, single rater intraclass correlation
coefficients (ICC)3? to compare the reliability of in-person (T1) ver-
sus in-person (T2) performance to in-person (T2) versus remote (T3)
performance. Given the expected weaker associations between tests
that are not comparable in score range and underlying cognitive pro-
cess (e.g., Oral vs Written Trail Making test), subsequent analyses
were restricted to tests with an equivalent score range (green rows in
Figure 1; MoCA-B to MoCA conversion was used for longitudinal anal-
yses to facilitate direct comparison?). Repeated-measures ANOVA
with covariates (age at T2, sex, race, education, and change in depres-
sion) were used to test for differences in UDS performance at T2
versus T3. Finally, linear mixed-effects models (LMMs) with restricted
maximum likelihood (REML) estimation were used to examine the dif-
ference in UDS test scores at time T2 versus T3. The models include
timepoint, modality, the interaction between timepoint and modality,
and controlled covariates (age, sex, race, education, and depression) as
fixed effects, and subject-specific random intercepts. We hypothesized
that UCs would perform similarly on UDS tests at in-person versus
remote formats, without a significant effect of timepoint.

2.3.4 | Concurrent validity in symptomatic
individuals: Are rates of change on the UDS
comparable across timepoints regardless of in-person
versus remote administration?

Given the progressive nature of cognitive decline in symptomatic
groups (MCI and AD), we expect a decline in cognitive test perfor-
mance over time. Therefore, comparing UDS scores across only two
timepoints does not allow us to determine equivalency in adminis-
tration format among symptomatic groups. Instead, we investigated
whether rates of change on UDS scores from T1 (in-person) to T2 (in-
person) differed significantly from rates of change from T2 (in-person)
to T3 (remote) within each diagnostic group. Consistent rates of change
would indicate negligible differences due to remote administration for-
mat at T3. We hypothesized that the rate of decline from T2 — T3 may
be greater than T1 — T2 among the MCl and AD groups, due either to
increased difficulty of remote testing at T3 or to increased impact of
the COVID-19 pandemic on symptomatic groups. UDS change scores
were calculated by subtracting the raw score of each test at the ear-
lier timepoint from the subsequent timepoint. Repeated-measures

Disease Monitoring

ANOVA of T1 — T2 versus T2 — T3 change scores were used to
test for differences in rates of change within each diagnostic group.
If change scores were statistically significant, clinical significance was
determined if change scores differed by > 0.5 SD of the correspond-
ing measure within that diagnostic group at baseline, which is an
established form of minimally clinically important difference (MCID).4!
Covariatesincluded age at T2, sex, race, education, and average depres-
sion. All statistical tests were two-sided. Statistical significance was set
at the 0.05 level unless otherwise noted.

3 | RESULTS

A total of 220 participants completed the remote UDS T-Cog at T3,
including n =156 UC, n = 26 MCI, and n = 38 AD. As shown in Table 1,
participants ranged in age from 57 to 93 years of age (M = 74.2 + 6.5),
were highly educated (M = 16.6 + 2.7 years), and a majority identified
as female (58%), White (78%), and non-Hispanic/Latinx (98.2%). Given
the small sample size of Asian (n = 1) and Multiracial (n = 4) partic-
ipants, race was dichotomized into White and non-White categories
to improve statistical power and interpretability in subsequent analy-
ses. Between-group ANOVA revealed a significant difference between
diagnostic groups for age (p = 0.012), with post hoc comparisons
revealing that the AD group was significantly older than the UC group.
The chi-square analyses also revealed a significant difference in distri-
bution of sex (p =0.005), with a larger proportion of female participants
in the UC group compared to MCI and AD. Significant differences on
other key nondemographic variables were observed in expected direc-
tions, such that more impairment on measures of global cognition,
function, and mood were observed with increased diagnostic severity.

3.1 | Feasibility

Of all the participants completing a portion of their annual visit within
the T3 study period (June 2020 to September 2021), 9% did not initiate
the T-Cog due to appointment no shows/cancellations or a team deci-
sion that testing would be inappropriate due to level of impairment,
whereas only 2% declined due to unwillingness to engage in remote
testing. The T-Cog was most frequently administered via videocon-
ference (50%) or telephone (48%), with a small number administered
via combination of videoconference and telephone (2%). Age, diagno-
sis, global cognition (MoCA-B), function (CDR, FRS, FAS), and mood
(GDS, NPI-Q) did not differ across modality of administration; however,
those participants electing the telephone over videoconference modal-
ity had lower education, were more likely to be in the non-White and
Hispanic/Latinx racial and ethnic categories, and were more likely to
be female (p’s < 0.05). Across all modalities and all diagnostic groups,
time to completion ranged from 30 to 120 min (M = 54.35 + 14.2 min).
Significant (p < 0.001) differences were observed between diagnos-
tic groups such that time to completion was highest among the AD
group (64.4 + 20.6 min), followed by MCI (56.9 + 11.5 min) and UC
(51.4 + 11.1). Time to completion did not differ significantly across
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TABLE 1 Participant descriptives at T-Cog administration (T3) by diagnostic group—all modalities.

UC (71%; n = 156) MCI (12%; n = 26) AD (17%; n = 38) Total (N = 220)

Mean (SD) Range Mean (SD) Range Mean (SD) Range Mean (SD) Range p-value
Age 73.34(5.6) 62-93 76.23(8.1) 58-88 76.18(8.2) 57-90 74.17 (6.5) 57-93 0.012°
Education 16.54(2.6) 9-22 16.77 (3.3) 8-20 16.58 (2.9) 9-20 16.57 (2.7) 8-22 0.924
Sex (%F) 65% 50% 37% 58% 0.005
Race (White/Black/ 73%/24%/ < 1%/3% 85%/15%/0%/0% 92%/8%/0%/0% 78%/20%/ < 1%/2% 0.254
Asian/Multiracial)
Ethnicity (%Hispanic 2.6% 0% 0% 1.82% 0.434
/Latinx)
MoCA-B 19.97 (1.8) 13-22 16.48(2.7) 12-20 9.14(4.1) 2-16 17.72(4.7) 2-22 <0.00120-¢
CDR Global 0.077(.18) 0-0.5 0.519(.10) 0.5-1.0 1.22(.68) 0.5-3.0 .327(.54) 0-3 <0.0012b-¢
GDS 1.17(1.6) 0-10 2.25(2.2) 0-7 241(2.4) 0-7 1.51(1.9) 0-10 0.001%°
FRS 1.20(1.7) 0-9 7.88(4.7) 0-21 19.71(10.1) 2-40 5.90(8.9) 0-40 <0.0012b-¢
FAS 0.17(.53) 0-3 6.20(5.4) 0-23 17.03(7.8) 2-29 3.89(7.4) 0-29 <0.00120-¢
NPI-Q 0.28(.88) 0-6 2.54(3.0) 0-10 4.37(2.9) 0-11 1.31(2.4) 0-11 <0.00120-¢
T-Cogtime to 51.37(11.1) 32-90 56.94(11.5) 40-80 64.41(20.6) 30-120 54.35(14.2) 30-120 <0.001°
completion
% Completing all 12 92% 81% 26% 79% <0.001
measures

Note: p-value according to between groups ANOVA or Pearson chi-square test, with Bonferroni-adjusted post hoc tests.

Bold values are statistically significant.

Abbreviations: AD, dementia due to Alzheimer’s disease; ANOVA, analysis of variance; CDR, Clinical Dementia Rating; FAS, Functional Assessment Scale;
FRS, Functional Rating Scale; GDS, Geriatric Depression Scale; UC, unimpaired cognition; MCI, mild cognitive impairment; MoCA-B, Montreal Cognitive

Assessment-Blind; NPI-Q, Neuropsychiatric Inventory.
2UC versus MCI.

bUC versus AD.

“MCl versus AD.

modality. Across the entire sample, 79% of the 220 participants initi-
ating a T-Cog completed all 12 tests (Table 1); overall completion rates
did not differ across modality. The proportion of participants complet-
ing all 12 measures was highest among the UC (92%) and MCI (81%)
groups, followed by the AD group (26%; Table 1). Only 1% of the total
sample (n = 3) completed less than half of the T-Cog tests; these individ-
uals were all in the AD group and discontinued due to comprehension
difficulties. Across all modalities and all diagnostic groups, all individ-
ual tests had >97% completion rate, with the exception of Oral Trails B,
which had the lowest completion rate at 84%, followed by Verbal Nam-
ing Test at 93% (results were similar when stratified by modality, with
slightly lower completion rates within the videoconference modality;
see Table A1).

Examiners were trained to assign validity ratings to characterize
the overall administration of each T-Cog according to the following
options: (1) very valid, (2) questionably valid, or (3) invalid. Among
the current sample, 82% of T-Cog administrations were rated as “very
valid,” whereas a minority were rated as “questionably valid” (17%)
and “invalid” (1%); the proportion of valid ratings did not differ across
modality. Among the 18% rated as “questionably valid” or “invalid,” the
most common contributors to poor validity included hearing impair-
ment (29%), “other” issues including connectivity difficulties (25%), and
distractions (17%; see Figure 3). The most common contributor to poor

validity among the MCl and AD groups specifically was hearing impair-
ment (55%). Compared to individuals within the “questionably valid”
or “invalid” groups, individuals in the “very valid” group demonstrated
significantly higher MoCA-B scores, shorter time to completion, less
functional impairment on the FRS and FAS, and included a higher pro-
portion of UC participants (see Table A2). Participants in the “very
valid” group did not differ on other demographic variables includ-
ing age, sex, education, race, ethnicity, depression, neuropsychiatric
symptoms, or mode of communication (telephone vs videoconference;

p-values > 0.05).

3.2 | Diagnostic group differences

Performance on the T-Cog varied expectedly across diagnostic groups,
with UC performing the best followed by MCI and AD across all
measures. Tables A3-A15 provide detailed normative data on per-
formance by group, stratified by age, education, sex, and modality
(including only administrations rated as very valid). Linear regres-
sion analyses covarying for age, sex, race, education, and depression
revealed significant differences across diagnostic groups on each T-
Cog measure in expected directions, with medium to large effect sizes
(9.1 < F(2,164) < 186.2, 0.11 < n%2 < 0.70, p’'s < 0.001).? Figure 4
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Other, 25%

- Connection issues

- Technical issues

- Possible use of external aides
- Rater error

- Language barrier

Emotional Issues, 6%

Fatigue, 4%

Lack of effort,
8%

& Disease Monitoring

Hearing Impairment,
29%

Distractions, 17%

Interruptions, 12%

FIGURE 3 Contributors to poor validity of T-Cog administrations.

displays average raw scores on each T-Cog measure by diagnostic
group across all modalities (including only those rated as very valid) to
facilitate interpretability. Results were consistent when including and
excluding those rated as questionably valid or invalid. When stratified
by modality, all between-group differences remained consistent and
statistically significant; minor differences in effect size across modality
were observed on certain tests (e.g., Letter Fluency F, Oral Trails A), and
overall effect sizes were relatively lower on Digits Forwards and Oral
Trails B, although effect sizes for all tests remained medium to large
(see Table A16).

3.3 | Concurrent validity and reliability in
asymptomatic participants

A total of 153 individuals who completed the T-Cog at T3 also
completed the in-person UDS at T2 and were identified as hav-
ing UC at both timepoints. Table A17 includes features of this UC
group across each timepoint, including only those rated as very valid
(although results were consistent when all were included). Related-
samples Wilcoxon signed-rank tests revealed a significant increase in

depressive symptoms on the GDS between T2 and T3.

Spearman’s correlations between in-person (T2) versus remote (T3)
UDS scores revealed significant and moderate-level associations for
tests with equivalent score ranges (0.51 < r; < 0.69, p-values < 0.01).
Correlations between tests that differed in format and score range
were weak, yet remained significant (e.g., rs =.26, p < 0.01 for Written
versus Oral Trails A; see Figures SB1-SB2 for scatter plots and corre-
lation coefficients for all tests). ICCs for T2 (in-person) to T3 (remote)
fell in the same range (moderate reliability, p's < 0.001) as ICCs for T1
(in-person) to T2 (in-person) for all tests except Story Recall Delay and
those with different score ranges (i.e., Written vs Oral Trails, MINT vs
verbal naming test), which unsurprisingly showed poor reliability from
T2 > T3;see Table A18).

As depicted in Figure SC1, average scores on UDS tests with
equivalent score ranges were comparable at T2 (in-person) and
T3 (remote), without significant differences according to repeated-
measures ANOVA. As hypothesized, LMMs did not reveal a significant
effect of timepoint (T2 vs T3) as a primary predictor of any UDS test
score with equivalent score ranges (all p-values > 0.05 for timepoint
fixed effect), suggesting that the remote format of test administration
at T3 did not meaningfully impact performance among UCs. LMMs also
did not reveal a significant effect of modality (telephone vs videocon-

ference) as a fixed effect, and the interaction between modality and
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FIGURE 4 Performance on T-Cog measures by diagnostic group—all modalities.

timepoint was significant for Digits Forwards only (estimate = —0.74,
Standard Error (SE) = .37, p = 0.048); however, the 95% confidence
interval (Cl; —1.65 to 0.12) spans zero, suggesting a nonsignificant
difference. Given the overall minimal impact of modality across all pre-
ceding analyses, subsequent analyses were not stratified by modality
to maximize statistical power and interpretability.

3.4 | Concurrent validity in all groups
A subset of individuals (N = 125) completed UDS testing across three
consecutive timepoints (T1, T2, T3). In the UC group (n = 91), per-
formance was relatively consistent over time (Figure 5A). Repeated-
measures ANOVA revealed a significant difference between the
change score of the letter fluency (L) measure only between T1 — T2
and T2 — T3 [F(1,84) = 5.54, p = 0.021], although this difference (0.07
points, or 0.016 SD) was not clinically significant.

In the MCl group (n = 15), performance was variable over time, with
some tests declining gradually and others improving from T1 — T2 but
declining at T3 (Figure 5B). Repeated-measures ANOVA revealed a sig-

nificant difference between the T1 — T2 and T2 — T3 change score
for Animal Fluency only [F(1,9) = 6.90, p = 0.027]. Inspection of aver-
age Animal Fluency performance at each timepoint revealed a slightly
greater decline from T1 — T2 than T2 — T3, although this difference is
not clinically significant (0.33 points, or 0.071 SD).

In the AD group (n = 19), performance on most tests declined grad-
ually over time with some exceptions (Figure 5C). Repeated-measures
ANOVA revealed a significant difference between the T1 — T2 and T2
— T3 change scores for MoCA [F(1,12) = 6.40, p = 0.026] and Digits
Forwards [F(1,12) = 9.15, p = 0.011]. There was a slightly greater rate
of decline on both the MoCA and Digits Forwards from T2 — T3 versus
T1-T2(by0.54 and 0.52 points,or 0.13 SD and 0.21 SD, respectively).

Again, these differences were not clinically significant.

4 | DISCUSSION
The COVID-19 pandemic necessitated a transition from in-person
to remote collection of longitudinal data in clinical research cohorts

and clinical practice. At the Penn ADRC, more than 200 participants
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FIGURE 5 Cognitive performance on the UDS across all timepoints by diagnostic group. UDS, Uniform Data Set.

completed the T-Cog, a telemedicine version of the UDS neuropsy-
chological battery, as of September 2021. Many participants had
completed the in-person UDS at earlier timepoints. This presented
an ideal opportunity to examine the feasibility and validity of the
remote T-Cog battery among a well-characterized group of older
adults across the cognitive continuum—albeit in an observational,
nonexperimental design. Our study includes a diagnostically diverse
sample of participants with UC, MCI, and AD and contributes to a grow-
ing literature on remote neuropsychological assessment. In addition, it
provides normative data for the T-Cog in demographically comparable

samples.

Overall, the findings support the feasibility of administering the
T-Cog in a diagnostically diverse sample. Of those approached to
complete the T-Cog for their annual visit, only 2% declined due to
unwillingness to engage in remote testing. This is lower than the 25%
who declined remote telephone testing at other ADRCs during the
early stages of the COVID-19 pandemic!; however, it is important
to note that comparative samples had greater demographic diversity
than the present sample, suggesting that engagement rates may dif-
fer depending on sample characteristics. Of interest, participants in
our cohort who elected to complete the T-Cog via telephone versus

videoconference modality had lower education and were more likely
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to be non-White, Hispanic/Latinx, and female. Thus, consistent with
the suggestions of other researchers, multiple modalities of admin-
istration should be offered to enhance flexibility and access.»? The
decision to offer multiple modalities is further supported by our find-
ings that feasibility and validity outcomes did not meaningfully differ
across telephone versus videoconference modality.

Across all modalities, administration time for the T-Cog was 54
min on average, with cognitively unimpaired older adults completing
the T-Cog in less time than those with MCI or AD. Completion rates
also differed by diagnostic group, with a lower proportion of partici-
pants with AD completing all 12 measures (26%). Most administrations
were rated as valid regardless of modality—consistent with Sachs
et al. (2024)*—and validity ratings were not impacted by sociode-
mographic factors such as age, education, race, or ethnicity. On the
other hand, lower cognitive and functional status was associated with
decreased likelihood of valid administration. Common contributors to
poor validity included hearing impairment, connectivity difficulties,
and distractions, consistent with those reported in other settings.?
Hearing difficulties were particularly common among participants with
MCI and AD. These findings suggest that those engaging in teleneu-
ropsychology can proactively address potential modifiable barriers
such as ensuring that participants are wearing hearing aids, speaking
loudly and clearly, and using a landline to avoid connectivity difficul-
ties. Nonetheless, longer completion times, lower completion rates,
and lower validity ratings among the AD group suggest that the remote
T-Cog is relatively less feasible among those with dementia-level
cognitive impairment.

Preliminary validity of the T-Cog was supported through significant
predicted differences and medium to large effect sizes between the
UC, MCl, and AD groups on all T-Cog measures, regardless of modality,
suggesting that the T-Cog can accurately measure differences in cogni-
tive ability between diagnostic groups. Among UC, performance on the
T-Cog was comparable to prior in-person UDS performance, and most
tests with equivalent score ranges demonstrated relatively lower yet
comparable, moderate reliability across all three timepoints, provid-
ing additional evidence for concurrent validity and adequate reliability
across in-person versus remote formats. These results are consistent
with studies noting moderate test-retest reliability of T-Cog measures
at shorter retest intervals, in the context of moderate reliability for
face-to-face administrations.® Among all diagnostic groups, rates of
change across the three timepoints followed expected trends, with sta-
bility in the UC group, variability in the MCI group, and gradual decline
inthe AD group.

Of note, select tests were more closely related to their in-person
correlates (e.g., Digit Span, verbal fluency) than those with differences
in score range and underlying cognitive mechanism (e.g., Oral vs Writ-
ten Trail Making test). This is consistent with prior literature and should
be considered when using tests that do not have a closely matched
telemedicine version.**3 Another weakness of the T-Cog is the lack of
visuospatial tasks. Ultimately, clinicians must decide whether a given
remote tool is appropriate for a particular person and weigh the pros,
cons, and ethical considerations carefully—particularly if results will

be used for clinical purposes.?! This includes balancing the benefits

of increased accessibility conferred by at-home telephone and video
formats with the potential for incomplete cognitive characterization,
which has the potential to exacerbate or mitigate pre-existing higher
rates of missed diagnosis in individuals from socioeconomically disad-
vantaged groups, depending on how telemedicine-based evaluations
are applied.**

Several studies have reported limited access to requisite technol-
ogy and poor confidence using technology as barriers to engaging

in teleneuropsychology.22145:46

It is encouraging that a dual phone-
and/or video-based protocol such as the T-Cog can circumvent these
barriers, and that participants in other cohorts have reported high
levels of satisfaction with and preference for remote over in-person
assessment.* Nonetheless, others have reported missing the element
of human contact with research staff during in-person visits,* with
lower satisfaction rates for telephone assessment among older adults
facing loneliness, depression, and isolation.*” Another drawback to the
remote T-Cog is that it is currently unavailable in languages other
than English and Spanish, which limits accessibility. Development and
validation studies in community-based, demographically diverse, non-
English-speaking populations are needed to ensure existing health
care disparities are not widened. A major limitation of the current
study is that although there was more representation in the UC group,
the symptomatic groups were largely White, non-Hispanic, and highly
educated, which limits generalizability. Underrepresentation of minori-
tized groups in AD/ADRD trials and research is an urgent issue*®4?
and the Penn ADRC has several ongoing efforts for engaging and part-
nering with local communities which have led to increased cohort
diversity.

Taken together, these results suggest that using the T-Cog for
remote neuropsychological assessment is a feasible and comparable—
albeit nonequivalent—alternative to in-person testing and provides a
valid characterization of cognitive functioning across the diagnostic
continuum. The T-Cog may be compared longitudinally to in-person
testing and allows for increased access to clinical and research services,
reduces missing data points in longitudinal cohorts, and encourages
retention of participants. Nonetheless, the results suggest that lon-
gitudinal comparisons should be interpreted with caution for select
subtests, such as the Oral Trails A/B. A major limitation of the current
study is its observational design, which precluded experimental control
over order of in-person versus T-Cog administrations and time inter-
vals between assessments. Current ongoing studies will extend these
results in a well-controlled counter-balanced design.’® Other future
directions include ongoing validation to track clinical progression and
compare the discriminative accuracy of the T-Cog to the in-person
UDS, expansion of normative data for the Spanish T-Cog, combining
normative data across ADRC sites, and expanding validation efforts in

more socioculturally diverse populations.
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