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Comparison of cognitive performance
measures in individuals with systemic

lupus erythematosus

Laura Plantinga @ ," Jinoos Yazdany

Patricia Katz'

ABSTRACT

Objective Cognitive impairment is a common complaint in
SLE, but approaches to measuring cognitive performance
objectively vary. Leveraging data collected in a population-
based cohort of individuals with validated SLE, we
compared performance and potential impairment across
multiple measures of cognition.

Methods During a single study visit (October 2019—-May
2022), times to complete the Trail Making Test B (TMTB;
N=423) were recorded; potential impairment was defined
as an age-corrected and education-corrected T-score

<35 (>1.5SD longer than the normative time). A clock
drawing assessment (CLOX; N=435) with two parts (free
clock draw (CLOX1) and copy (CLOX2)) was also performed
(score range: 0—15; higher scores=better performance);
potential impairment was defined as CLOX1 <10 or CLOX2
<12. Fluid cognition (N=199; in-person visits only) was
measured via the National Institutes of Health (NIH) Toolbox
Fluid Cognition Battery and expressed as age-corrected
standard scores; potential impairment was defined by a
score <77.5 (>1.5SD lower the normative score).

Results Participants (mean age 46 years; 92% female;
82% black) had a median (IQR) TMTB time of 96 (76—130)
s; median (IQR) CLOX1 and CLOX2 scores of 12 (10-13)
and 14 (13-15); and a mean (SD) fluid cognition standard
score of 87.2 (15.6). TMTB time and fluid cognition score
(p=—0.53, p<0.001) were the most highly intercorrelated
measures. Overall, 65%, 55% and 28% were potentially
impaired by the TMTB test, CLOX task and NIH Toolbox
Fluid Cognition Battery, respectively. While there was
overlap in potential impairment between TMTB and CLOX,
more than half (58%) had impairment by only one of these
assessments. Few (2%) had impairment in fluid cognition
only.

Conclusion The TMTB, CLOX and NIH Fluid Cognition
Battery each provided unique and potentially important
information about cognitive performance in our SLE cohort.
Future studies are needed to validate these measures in
SLE and explore interventions that maintain or improve
cognitive performance in this population.

INTRODUCTION

Cognitive dysfunction is a common complaint
among individuals with SLE."™ One reason
why it is not often addressed or documented

,' C Barrett Bowling,?®
Charmayne Dunlop-Thomas,* Courtney Hoge,* Brad D Pearce,® S Sam Lim @ ,
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Individuals with SLE often complain of cognitive is-
sues, but cognition is rarely measured clinically due
to the time burden of many assessments.

WHAT THIS STUDY ADDS

= In this study, we compared performance among in-
dividuals with SLE on a longer, multidomain assess-
ment of fluid cognition (National Institutes of Health
Toolbox Fluid Cognition Battery) to their performance
on two shorter assessments (Trail Making Test B and
a clock drawing task) frequently used in geriatric
settings to detect cognitive impairment or demen-
tia. We found that the two rapid measurements to-
gether identify most with impairment by the longer
measurement, but the different measurements may
provide important and unique information to guide
treatment and support.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study provides more information on shorter as-
sessments that could potentially be used as initial
screening tests in clinical settings for patients who
complain of cognitive issues, with further neuropsy-
chiatric testing and support considered for those pa-
tients with poor performance. Additionally, our study
suggests further research to validate these mea-
sures in SLE and explore interventions that maintain
or improve cognitive performance in this population.

clinically” may be that cognitive testing is
perceived to be burdensome in the clinical
setting, where there are frequently competing
medical and social issues. Rapid tools to
screen for cognitive impairment in the clin-
ical setting may be more acceptable to SLE
providers and patients and provide important
snapshots of current cognitive functioning
that could help with shared decision-making
and goal setting. However, these screening
measures are generally designed to be most
sensitive to severe cognitive impairment or
dementia.® Furthermore, screening measures
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often assess performance in single domains; previous
studies have shown that dysfunction is widespread
and heterogeneous across multiple cognitive function
domains among individuals with SLE, with various levels
of impairment in, for example, working and episodic
memory, attention, processing speed, executive function
and verbal fluency, among other domains.”®

Assessments to detect more subtle deficits in cogni-
tive performance can take considerably more time. For
example, the American College of Rheumatology Neuro-
psychological Battery (ACR-NB), while time-efficient
relative to the number of domains assessed, takes 1hour
to administer and is not consistently used, even in the
research setting.” '’ However, it is important to consider
that the milder impairments detectable in these longer
assessments may have a substantial impact on daily life,
including work, school, relationships, social activity, self-
management of SLE, and general physical and mental
health."" '* Additionally, identification of milder impair-
ments offers the opportunity to develop strategies to
circumvent impairments and provide support to help
prevent further decline.

As part of a recent ancillary study, the Approaches to
Positive, Patient-centered Experiences of Aging in Lupus
(APPEAL), we administered multiple cognitive perfor-
mance assessments in a population-based, primarily black
cohort of individuals with SLE. Here, we leveraged these
data to compare the potential value of brief screening
tests and longer, multidomain assessments in SLE care
and research. Specifically, we sought to estimate and
compare performance and potential impairment across
two screening tests (the Trail Making Test B (TMTB)
and CLOX, a clock drawing task'’) and the multidomain
National Institutes of Health (NIH) Fluid Cognition
Battery.M—16

METHODS
Study population and data sources
We recruited participants for a one-time study visit from
the population-based Georgians Organized Against
Lupus (GOAL) cohort of adults (=18 years) with SLE
(defined as 24 revised American College of Rheumatology
(ACR) criteria,'” or 3 ACR criteria plus a diagnosis of SLE
by a board-certified rheumatologist) in metropolitan
Atlanta.’® ' For APPEAL, we excluded individuals who
were not actively participating in GOAL, were unable to
speak English, did not have sufficient vision and hearing
to undergo study testing, were unable to consent or were
living outside of Georgia at the time of recruitment.
Overall, N=451 (90.0%) completed a study visit between
October 2019 and May 2022. Study visits were conducted
eitherin person atan Emorystudysite (n=206) or remotely
via Health Insurance Portability and Accountability Act-
compliant Zoom software (San Jose, California, USA)
(n=245). For these analyses, data for participants who
had potentially invalid data (n=11), technical issues that
resulted in a loss of cognitive data (n=2) or incomplete

Approached for in-person OR Approached for in-person

remote (any) APPEAL visit APPEAL visit
(N=618) (N=295)

-6 excluded at approach
-23 declined

-20 could not be scheduled
-8 no response

-10 switched visit modality

-17 excluded at approach
-40 declined

-43 could not be scheduled
-17 no response

Scheduled any APPEAL visit
(N =501)

-3 deceased
-9 1o longer interested

-31 could not be rescheduled
-7 no-show

Scheduled in-person visit
(N=228)

-2 deceased
-4 no longer interested

-13 could not be rescheduled
-3 no-show

Completed any APPEAL visit
(N =451)

Completed in-person visit
(N=206)

-11 potentially invalid*
-2 technical issues

-3 potentially invalid*

-4 incomplete assessment

-3 incomplete assessment -15 incomplete assessment

(N=435)

cLox
(N=423) (N=199)

Trail Making Test B ‘ ‘ NIH Toolbox Fluid Cognition

Figure 1 Flow of participants for Trail Making Test B

and CLOX assessments (all APPEAL participants) and

for NIH Toolbox Fluid Cognition Battery assessments
(participants completing in-person visits only). “Potentially
invalid=participants who likely had assistance during
cognitive testing or who had survey response patterns
suggesting invalid responses. APPEAL, Approaches to
Positive, Patient-centered Experiences of Aging in Lupus;
CLOX, clock drawing assessment; NIH, National Institutes of
Health.

assessments were further excluded, leaving N=435, 425
and 199 total visits for analysis of CLOX, TMTB and fluid
cognition (in-person visits only), respectively (figure 1).
Data on cognitive performance were either derived from
NIH Toolbox'*'® or entered into REDCap*’; manual
data entry was checked by an independent reviewer and
errors were corrected. Self-reported data on functioning
and other domains were obtained from self-administered
surveys via REDCap during APPEAL visits® or linked
from the closest GOAL survey.

Patient and public involvement

Patients were involved in the design and conduct of
this research. We used feedback from our pilot study of
patients® to create our initial protocol; patient participant
feedback was also used to modify the protocol as needed
throughout the course of this study. Patient burden was
carefully considered in the number and order of meas-
ures assessed; patients were able to skip assessments and
take breaks as needed. GOAL participants are informed
of study results through regular study newsletters suitable
for a non-specialist audience.

Variables

Cognitive performance measures

The NIH Fluid Cognition Battery'*"® was chosen as the
primary measurement of cognitive function in APPEAL,
due to its use in our pilot and the ability to use normal-
ised scores to compare across studies and populations.
The TMTB and CLOX" were added to APPEAL because
they represented short assessments that are frequently
used in geriatric clinics to rapidly assess cognition. These
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available measures were then compared in the study
reported here.

Trail Making Test B

The TMTB is an often-used tool to screen for impair-
ment of executive function, specifically visual attention
and task switching or cognitive ﬂexibility.22 In this test,
the participant is asked to connect numbers and letters in
alternating numerical and alphabetical order (total time:
<bmin). The participant was instructed to complete the
task as quickly as possible without errors, and interviewers
told participants to correct errors as they performed the
task. For remote visits, participants were shown a brief
video demonstrating the task (using the same example
used during in-person visits) and results were screen
captured (see online supplemental methods). The time
to complete the test was recorded. Errors were not penal-
ised, beyond the time taken to correct errors. However, if
the participant was still working on the test at 5min, they
were asked to stop. Potential impairment was primarily
defined as a time that was >1.5SD greater than the norma-
tive value for the participant’s age group and education.”

Clock drawing

The CLOX instrument'® (total time: ~5min) is a version
of clock drawing tests, which measure various aspects of
executive functioning and are often used as a screening for
dementia®* and potential driving issues® in older adults.
Participants were first asked to draw a clock showing 1:45,
without further instructions (CLOXI1). The interviewer
then either drew a correct clock in real time (in-person
visits) or via a recorded video played for the participant
(remote visits; see online supplemental methods), which
the participant was then asked to copy (CLOX2). For
both in-person and remote visits, both clocks were scored
on various aspects such as size, numbers/order, correct
hand size/position, etc (range, 0-15, with lower scores
indicating more impairment). Clocks were scored by
the interviewer and rescored by another researcher not
involved in study visits; differences were resolved between
the research manager (CH) and principal investigator
(LP)." Potential impairment was defined as a CLOX1
score <10 (possibly indicating the presence of executive
function impairment) or a CLOX2 score <12 (possibly
indicating both executive function and posterior cortical
impairment).*

Fluid cognition

Fluid cognition is the ability to think and reason abstractly
and solve problems, independent of learning, experience
and education. Five individual assessments comprised the
composite measure of fluid cognition (episodic memory,
working memory, attention and inhibitory control,
processing speed and cognitive flexibility; total time:
~20-30min) and were administered in person via the
NIH Toolbox application."*® An age-corrected standard
score is provided for each assessment and the composite
measure. A score of 100 on these standard scores

represents the average performance for the test taker’s
age in the normative sample (SD=15; higher scores indi-
cate better cognitive functioning). Potential impairment
was primarily defined as a score >1.5SD below the mean
(score=77.5). Because not all assessments in the NIH
Fluid Cognition Battery could be administered remotely,
we have complete data on overall fluid cognition on 199
participants only.

Other variables

Sociodemographics included age, sex, race, ethnicity,
education and employment. Age was self-reported on the
NIH Toolbox and examined both as a continuous variable
and in categories (18-34, 35—49 and =50 years). Sex (at
birth), race, ethnicity and education were self-reported
(from a fixed set of categories) by the participant via the
NIH Toolbox. Race was categorised as black (as a single
or multiple race), white and other. Education was the
highest level attained and categorised as high school
graduate/equivalency or lower, some college/associates
degree, and college graduate or higher. Current employ-
ment was assessed using the Work Productivity and Activity
Impairment Questionnaire: General Health V.2.0.
Clinical variables included disease duration, which was
selfreported during the nearest GOAL assessment and
adjusted for the date of the APPEAL assessment. Current
SLE activity was assessed via the Systemic Lupus Activity
Questionnaire (SLAQ) (range 0—44; higher scores indi-
cating greater SLE-related disease activity).” Moderate
to severe (vs none or mild) self-reported forgetfulness
was taken from a single item on the SLAQ.” The Brief
Index of Lupus Damage (BILD) score (range, 0-46;
higher scores indicate greater cumulative SLE-related
organ damage)’ ** closest to the APPEAL visit was
obtained from linked GOAL data; dichotomous meas-
ures of neuropsychiatric damage present versus absent by
system were also obtained from BILD items. Height and
weight were measured (in-person visits) or self-reported
(remote visits); body mass index (BMI) was calculated as
(weight in kg)/(height in m).* Current steroid use was
self-reported by the participant at the study visit. Depres-
sive symptoms were assessed via the nine-item Patient
Reported Outcomes Measurement Information System
(PROMIS) Depression Short Form-8a, which has been
validated in diverse populations®™ and in other rheu-
matological Conditions%; raw scores were converted to
T-scores (where H0=mean score and 10=1SD). Partic-
ipants’ perceived stress was assessed using the 10-item
Perceived Stress Scale,35 % which measured the degree to
which participants found life situations stressful over the
past month (range 0-40; higher scores indicate greater
perceived stress, with scores of >20 considered high
levels of stress). Finally, we were interested in physical
activity and performance. Physical activity was assessed
with the International Physical Activity Questionnaire—
Short Form.” Scaled Tscores from the PROMIS Physical
Functioning-Short Form-12a” were used to assess partic-
ipants’ perceptions of their physical functioning (with
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higher scores representing better self-reported physical
functioning). We assessed physical performance (in both
in-person and remote visits)* *’ using the Short Physical
Performance Battery (SPPB; range 0-12, with higher
scores representing better performance).*'

Statistical analysis

Characteristics of participants were described within
subpopulations for each cognitive performance measure.
Cognitive performance scores were summarised and
compared via distributions, histograms, scatter plots
and correlation coefficients. Potential impairment was
compared across measurements using percentage agree-
ment, kappa values, Venn diagrams and UpSet plots. In
secondary analyses, associations between characteristics
and potential cognitive functioning impairment were also
assessed via logistic regression (adjusting for visit type as
appropriate) and estimates were compared across various
measurements and definitions. In sensitivity analyses, we
examined secondary definitions of potential impairment
in TMTB (crude cut-off of >273s to complete the task*),
CLOX (CLOXI and CLOX2 separately) and fluid cogni-
tion (using percentiles derived from age-adjusted, sex-
adjusted, race-adjusted, ethnicity-adjusted and education-
adjusted T-scores (=4, 23 or >2 scores below the 25th,
16th and 9th percentiles, respectively)®” and also exam-
ining episodic and working memory, the only individual
NIH Toolbox Fluid Cognition assessments administered
in all visits" (see online supplemental methods), sepa-
rately). Complete case analysis was used. The statistical
significance threshold was set at 0.05. All analyses were
conducted using Stata V.18.0 (College Station, Texas,
USA).

RESULTS

Characteristics of study participants

Participants had a mean age of 46 years, with most (79%)
being 35 years or older, female (92%), black (82%) and
non-Hispanic (94%); most had at least some college
education (77%) and 48% were working at the time
of the visit (table 1). The median duration of SLE was
nearly 15 years and median SLAQ and BILD scores were
11 and 2, respectively. About one-quarter (27%) reported
moderate to severe symptoms of forgetfulness. Partici-
pants’ mean BMI was around 30; 74% reported low phys-
ical activity, the mean T-score for self-reported physical
functioning was 44 and the mean SPPB score was 9. Those
who completed NIH Toolbox Fluid Cognition Battery
assessments (in-person visits only) were similar to those
who completed the other assessments (all visits; table 1).

Cognitive performance among individuals with SLE

Summary of cognitive performance

The median TMTB time was slightly right-skewed (online
supplemental figure 1A); the mean and median times to
complete the task (including n=8 with a truncated time of
300s) were 110 and 965 (table 2). CLOX1 (free draw) and
CLOX2 (copy task) were also skewed to the right (online

supplemental figure 1B,C); the median scores were 12
and 14 out of a possible 15, respectively (table 2). TMTB
times and CLOX scores were similar within the subset
with and without fluid cognition assessments (table 2).
Age-corrected standard scores for fluid cognition were
normally distributed (online supplemental figure 1D),
and the mean score was 87 (table 2), nearly 1 SD below
the population mean. Episodic and working memory
assessments were also normally distributed (online
supplemental figure 1E,F) and had similar mean scores
across visit type (table 2).

Comparisons of cognitive performance across measurements

The TMTB time was weakly negatively correlated with
CLOX1 and CLOX2 scores (p=-0.20and -0.33) and
moderately negatively correlated with age-corrected
standard scores for fluid cognition (p=-0.53; online
supplemental figure 2) and, specifically, cognitive flexi-
bility scores (p=—-0.44, p<0.001). Scores for CLOXI and
CLOX2 were moderately positively correlated with each
other (p=0.45) and weakly positively correlated with fluid
cognition scores (p=0.16and 0.21; online supplemental
figure 2).

Potential cognitive impairment among individuals with SLE
Summary of potential cognitive impairment

The percentage of individuals with potential impairment
in TMTB, CLOX and fluid cognition by our primary defi-
nitions was 65%, 556% and 28%, respectively (figure 2).
For TMTB, only 3% had impairment by the crude cut-
off of 273s (online supplemental figure 3). For CLOX,
potential impairment in CLOX1 (score <10) was common
(54%) but potential impairment in CLOX2 (score <12)
was uncommon (4%) (online supplemental figure 3).
Finally, impairment in fluid cognition was the same (28%)
when defined by >2 NIH Toolbox Fluid Cognition indi-
vidual domain scores <9th percentile, 23 domain scores
<16th percentile or >4 domain scores <25th percentile
(based on fully adjusted T-scores). Potential impairments
in episodic and working memory (age-corrected standard
scores <77.5) were seen in 6% and 18%, respectively
(online supplemental figure 3).

Overlap of potential cognitive impairment

Percentage agreement between potential impairment
across measurements by our primary definitions ranged
from 52% to 61% (figure 2 and online supplemental
table 1). Values for percentage agreement between meas-
ures and definitions for potential impairment were high
(as high as 94% for CLOX2 vs TMTB time <273s), but
between-measurement kappa values were low (most <0.1;
online supplemental table 1).

Figure 3A shows that about 42% of the population
with potential TMTB or CLOX impairment had both,
and most (93%) of those with potential fluid cognition
impairment have either TMTB or CLOX impairment.
Figure 3B displays the same data as percentages of indi-
viduals with various patterns: for example, 20% had
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Table 1 Selected characteristics of included study participants with SLE

Participants with complete assessments for:
Trail Making Test B NIH Toolbox Fluid

Characteristic CLOX (N=435) (N=423) Cognition (N=199)
Sociodemographics
Mean (SD) age, years 46.1 (11.9) 45.8 (11.4) 46.1 (12.4)
Age category, n (%)
18-34 90 (20.7) 90 (21.3) 44 (22.1)
35-49 167 (38.4) 165 (39.0) 74 (37.2)
>50 178 (40.9) 168 (39.7) 81 (40.7)
Sex,* n (%)
Female 398 (91.5) 387 (91.5) 174 (87.4)
Male 37 (8.5) 36 (8.5) 25 (12.6)
Race, n (%)
Black 358 (82.3) 346 (81.8) 172 (86.4)
Other 27 (6.2) 27 (6.4) 12 (6.0)
White 50 (11.5) 50 (11.8) 15 (7.5)
Hispanic ethnicity, n (%)
Hispanic 25 (5.8) 25 (5.9) 10 (5.0)
Not Hispanic 410 (94.3) 398 (94.1) 189 (95.0)
Level of education completed, n (%)
High school degree or less 100 (28.0) 96 (22.7) 54 (27.1)
Some college/associates degree 166 (38.2) 159 (37.6) 70 (35.2)
College graduate or higher 169 (38.9) 168 (39.7) 75 (37.7)
Currently working, n (%)
Yes 202 (47.8) 202 (49.0) 84 (44.0)
No 221 (52.3) 210 (51.0) 107 (56.0)
Clinical
Median (IQR) disease duration, years 14.7 (9.2-22.3) 14.6 (9.1-22.3) 14.7 (8.3-23.0)
Median (IQR) SLAQ score 11 (6-16) 11 (6-16) 11 (7-16)
Median (IQR) BILD scoret 2 (1-4) 2 (1-4) 2 (1-4)
Self-reported moderate-severe forgetfulness, n (%)
Yes 117 (27.2) 114 (27.1) 52 (26.4)
No 314 (72.9) 306 (72.9) 145 (73.6)
Neuropsychiatric damage, n (%)
Yes 75 (17.2) 70 (16.6) 34 (17.1)
No 360 (82.8) 353 (83.5) 165 (82.9)
Currently taking steroids, n (%)
Yes 182 (41.9) 181 (42.9) 76 (38.4)
No 252 (58.1) 241 (57.1) 122 (61.6)
Mean (SD) BMI, kg/m? 30.2 (8.3) 30.3 (8.3) 30.8 (8.9)
Physical activityt
Low 317 (74.1%) 307 (73.8%) 144 (73.5%)
Moderate 65 (15.2%) 64 (15.4%) 29 (14.8%)
High 46 (10.8%) 45 (10.8%) 23 (11.7%)
Mean (SD) depression T-score§ 48.3 (9.1) 48.3 (9.1) 48.5 (9.1)
Mean (SD) perceived stress scoref| 15.2 (7.1) 15.3 (7.1) 15.2 (7.3)
Continued
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Table 1 Continued

Participants with complete assessments for:

Trail Making Test B NIH Toolbox Fluid

Characteristic CLOX (N=435) (N=423) Cognition (N=199)
Mean (SD) physical functioning T-score** 43.5 (8.9) 43.7 (8.8) 42.6 (8.3)
Mean (SD) SPPB score 9.1 (2.1) 9.1 (2.1) 9.0 (2.0)

*Represents sex assigned at birth.
TFrom the closest GOAL assessment.
FFrom the International Physical Activity Questionnaire-Short Form.

§From the Patient Reported Outcomes Measurement Information System (PROMIS) Depression Short Form-8a.

fIFrom Cohen’s 10-item Perceived Stress Scale (range 0-40; higher scores representing greater perceived stress).

**From the PROMIS Physical Functioning-Short Form 12a (higher T-scores representing better self-reported physical functioning).

BILD, Brief Index of Lupus Damage (range 0-46; 46 is maximum damage); BMI, body mass index; CLOX, clock drawing assessment; GOAL,
Georgians Organized Against Lupus (parent study); NIH, National Institutes of Health; SLAQ, Systemic Lupus Activity Questionnaire (range
0-47; 47 is maximum activity); SPPB, Short Physical Performance Battery (range 0-12; higher scores=better performance).

potential impairment in CLOX only, 16% had impair-
ment in TMTB only and 18% had no impairments. When
fluid impairment was defined by domain percentiles,
patterns were similar (online supplemental figure 4A).
Potential episodic and working memory impairment were
less common than overall fluid cognition impairment
but overlap with either TMTB or CLOX impairment
remained high, at 100% (online supplemental figure 4B)
and 91% (online supplemental figure 4C). When poten-
tial TMTB impairment was alternately defined as a time
<273s, 34% of the cohort had no impairments and 0%
had potential impairment in TMTB only (online supple-
mental figure 4D).

Finally, higher educational attainment, working status,
higher selfreported physical functioning score and
higher physical performance score were associated with
lower odds of potential cognitive impairment across all
measurements and definitions, although these associa-
tions were not all statistically significant (online supple-
mental table 2). Younger age, black race, higher disease
activity and damage, and higher perceived stress were
uniquely associated with higher odds of TMTB but not
CLOX or fluid cognition impairment; neuropsychiatric
damage was associated with higher odds TMTB and CLOX
impairment, but only the former was statistically signif-
icant (online supplemental table 2). This damage was
more associated with impairment in CLOX2 (OR=2.07,
95% CI 0.70 to 6.07) than CLOX1 (OR=1.53, 95% CI 0.92
to 2.55), although these associations were not statistically
significant. Self-reported moderate to severe forgetful-
ness was not associated with any potential impairment.

DISCUSSION

In this comparison of assessments of cognitive perfor-
mance among a population-based cohort with SLE, we
found that 65%, 55% and 28% were potentially impaired
by the TMTB test, CLOX task and NIH Fluid Cognition
Battery, respectively. There was incomplete overlap in
potential impairment between TMTB and CLOX, with
42% of those with potential impairment in either TMTB

or CLOX having potential impairment in both. Few
(2%) had impairment in fluid cognition only, and 18%
had no potential impairments in any of the assessments.
Although many people with SLE report cognitive impair-
ment, quantifying and following this symptom over time
have posed challenges. These results suggest that the two
brief assessments (TMTB and CLOX) combined would
capture most of those with impairment in fluid cognition.
We also found that the TMTB and CLOX assessment
provided non-overlapping information about cognitive
performance in this population that may be important in
the absence of other impairment.

For the TMTB task, using the crude cut-off of >273 s*
to complete the task as a marker of impairment, only 3%
of cohort was considered potentially impaired. However,
when individuals’ scores were instead compared with
norms across multiple age and education groups, poten-
tial impairment (a time >1.5SD than the norm for age
and education)® was much higher (65%), suggesting
that regardless of impairment, those with SLE do not
perform as well as their peers on tasks that involve exec-
utive functioning tasks, including visual attention and
task switching (equivalent to cognitive flexibility). While
the NIH Toolbox Fluid Cognition Battery also measures
many aspects of executive function, including cognitive
flexibility, we found only a moderate negative correla-
tion between TMTB time and fluid cognition or cogni-
tive flexibility scores; overlap in potential impairment was
modest. Additionally, TMTB impairment was associated
with more patient characteristics than the fluid cognition
score, including perceived stress and disease activity and
damage. This suggests that, while the TMTB (originally
designed to detect brain damage in the military)® and
the NIH Toolbox Fluid Cognition Battery both measure
high-level cognitive functioning involving the frontotem-
poral regions of the brain, they provide different infor-
mation. However, the TMTB may be useful as an initial
screener for cognitive impairment in SLE, particularly in
patients who are unwilling or unable to do longer assess-
ments, which can be distressing and fatiguing.
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*Score range 0-15, with 15 representing a perfect clock. CLOX1 is the score for an unaided clock draw, while CLOX2 represents a clock copying task.

TAge-corrected standard scores, with a score of 100 representing the population mean and a score of 85 for the test taker’s age and 85 representing a score 1 SD below the mean.

CLOX, clock drawing assessment; NIH, National Institutes of Health.
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TMTB CLOX Fluid Cognition
Figure 2 Percentage of individuals with SLE with potentially
impaired cognition and percentage agreement between
measurements. For TMTB, impairment was defined as time
>1.5SD greater than the normative value for the participant’s
age group and education. CLOX impairment defined as a free
draw (CLOX1) score <10o0r copy draw (CLOX2) <12. For the
NIH Toolbox Fluid Cognition scores, impairment was defined
as an age-corrected standard score >1.5SD lower than the
general population mean. CLOX, clock drawing assessment;
NIH, National Institutes of Health; TMTB, Trail Making Test B.

The CLOX also showed wide variation in potential
impairment: 54% had potential impairment in the free
clock draw but only 4% had impairment in the clock copy
task. This pattern may reflect both the types of impair-
ment in SLE and the purpose of the CLOX test.”® Impair-
ment in the free clock draw reflects executive function
or frontotemporal impairment, which can occur early
in both vascular and Alzheimer’s-related dementia, as
well as in major depressive disorder, hypothyroidism and
polypharmacy.'® Copy task impairment reflects posterior
cortical impairment, suggesting early Alzheimer’s-type
impairment. We found that CLOX impairment, and
particularly impairment was associated in the copy task,
was non-statistically significantly associated with higher
odds of neuropsychiatric damage, which may point to
pathways by which this type of impairment might occur
in SLE. Importantly, CLOX scores were only weakly
associated with TMTB times and fluid cognition score,
suggesting that this task is measuring domains that differ
from both. For example, the free draw clock requires
planning (eg, spacing numbers on the clock, including
a short and long hand, etc), unlike the other tasks, and
there is also no timed element, which is present in the
TMTB and three of the five fluid cognition tasks. Thus,
like the TMTB, the CLOX may be useful as a screening
tool, but neither the CLOX or TMTB alone would be likely
to capture multiple domains of performance and poten-
tial impairment. Further, the CLOX (particularly, the free
clock draw portion) may identify cognitive impairment in
this population, but the aetiology of impairment would
require further exploration.

In our study, cut-offs for TMTB (age and education
adjusted) and CLOX impairment combined captured
most of the individuals identified as potentially impaired
by the NIH Fluid Cognition Battery, which supports the
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A No potential impairment: n=35 (17.7%)
TMTB CLOX
n=36
(18.2%)
n=32 n=40
(16.2%) (20.2%)
n=31
(15.7%)

n=15 5

7.6%) n=

D " (25%)

n=4 " Fluid Cognition
(2.0%)

B 30.01

20.0 py
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% of participants with pattern
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Figure 3 Overlap of potential impairment in domains
visualised by Venn diagram (A) and UpSet plot (B). For
TMTB, impairment was defined as time >1.5SD greater
than the normative value for the participant’s age group and
education. For clock drawing, impairment defined as a free
draw (CLOX1) score <10o0r copy draw (CLOX2) <12. For the
fluid cognition scores, impairment was defined as an age-
corrected standard score >1.5SD lower than the general
population mean. CLOX, clock drawing assessment; TMTB,
Trail Making Test B.

use of the shorter assessments for screening purposes.
However, this method is likely to capture a large propor-
tion of patients with SLE, which undermines the utility if
there are inadequate resources to do additional testing,
evaluation and management (eg, neuropsychology
consults, memory clinics) for large numbers of patients
with SLE. Additionally, while the NIH Fluid Cognition
Test is longer (20-30 vs 5-10min), it provides unique
information that the TMTB and CLOX cannot, including
overall and domain-specific scores that could be used to
guide treatment and support.’® For example, we found
that self-reported forgetfulness was not associated with
overall fluid cognition impairment. If we consider a
patient who reports memory issues and has normal
episodic and working memory scores but potentially
impaired attention and inhibitory control, the approach
to improving perceived memory may shift to strategies to
improve focus rather than memory. Another key advan-
tage of the NIH Fluid Cognition Test is that it also allows

for comparison with the general population (via provided
norms) and across studies, including studies of other
populations.

Although our measurements are not widely used in
SLE, making it difficult to compare our results with other
studies of populations with SLE, they were chosen to
provide multidomain information on how patients with
SLE are doing relative to other populations with the same
measurements (NIH Toolbox Fluid Cognition Battery)
and information on how patients with SLE fare on rapid
screening tests primarily used in geriatric settings (TMTB
and CLOX). The ACR-NB" might be considered a gold
standard against which we could compare our results,
estimating measures of validity like sensitivity and spec-
ificity; it is used inconsistently,'’ likely due to its length
(around 1 hour). Previous studies in SLE have shown that
the Automated Neuropsychological Assessment Metrics,
a multidomain test, did well relative to ACR—NB48; but
the Montreal Cognitive Assessment, a rapid assessment
for the clinical setting, had limited sensitivity and speci-
ficity relative to the ACR-NB.° However, we cannot assess
whether our measurements follow this pattern since we
did not include the ACR-NB. Additionally, cut-offs for
impairment do not necessarily provide a complete picture
of cognitive functioning, particularly on the individual
level and among those who are high-functioning, which is
highly correlated with education.® Finally, changes over
time in scores within an individual patient, regardless of
whether the cut-off for impairment is reached, could have
substantial impacts on daily life. Future studies to track
individual trajectories of cognitive performance and their
impact on patientreported outcomes, including quality
of life and disability, are warranted.

Our study has several limitations. While the study
compares multiple measures of cognition in the same
cohort of individuals with SLE as part of a larger study,
it was not designed as a validation study. Thus, measures
that may have provided useful information, such as the
ACR-NB (as a potential gold standard) and/or other
measures of memory or attention, were not included.
There is also the possibility of residual confounding by
unknown or unmeasured factors (eg, pain, sleep quality,
serologies including anti-phospholipid antibodies)
or factors that may be inadequately measured (eg,
participant-reported activity vs physician-assessed disease
activity); future studies could also address the associa-
tion of cognitive performance with these clinical vari-
ables. Additionally, we cannot yet estimate the association
between cognitive performance across various measures
and outcomes such as mortality, institutionalisation or
healthcare utilisation. Because of COVID-19-related
changes to our protocol, we cannot rule out misclassifi-
cation due to visit type™ or changes in performance due
to pandemic-related factors. Finally, not all our measures
have norms based on educational attainment, and CLOX
normative values were not available except for those aged
>75 years,” which may affect comparisons of measures.
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In conclusion, we found that the TMTB, CLOX and
NIH Fluid Cognition Battery each provided unique and
potentially important information about cognitive perfor-
mance in our SLE cohort. While the TMTB and CLOX
are less burdensome and could be used as screening tests
in less time, the NIH Fluid Cognition Battery provides
more domain-specific information that may allow more
targeted interventions. Future studies are needed to vali-
date these measures in SLE, follow these measures over
time within individuals, assess the clinical implications of
impairment by these measures, and explore the outcomes
of each of these performance measures and their change
over time.

X Patricia Katz @patti_katz
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