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Context: Neurocognitive testing is a critical tool in the man-
agement of sport-related concussions. Adversity during childhood
and adolescence affects cognitive tasks, behavioral outcomes,
and academic performance. Adversity may be important in base-
line concussion test validity as well; however, the influence of
these experiences is not well understood.

Objective: To examine the relationship between individual-
level experiences of adversity and baseline test validity of
Immediate Post-Concussion Assessment and Cognitive Test-
ing (IMPACT). We hypothesized that experiences of poverty,
maltreatment, or extreme neighborhood deprivation would be
associated with lower odds of baseline test validity.

Design: Case-control study.

Setting: Cuyahoga County, Ohio.

Patients or Other Participants: A total of 6495 student-
athletes born from 1995 through 2005 who completed a baseline
ImPACT test between 10 and 18 years old and were identified in
the Child-Household Integrated Longitudinal Data system, a com-
prehensive data system with demographic and social service
usage outcomes for children in Cuyahoga County, Ohio.

Main Outcome Measure(s): Baseline concussion test
validity was determined using the ImMPACT built-in validity

measure. Experiences of adversity during the sensitive devel-
opmental periods of early childhood and adolescence were key
independent variables.

Results: Our findings suggested that social mobility may
play an important role in baseline validity. Youth with upward
social mobility (ie, poverty or neighborhood deprivation in early
childhood only) were not different from youth without such
experiences (odds ratio [OR] = 0.91, P = .74). Youth with per-
sistent adversity across childhood or downward social mobility
(ie, poverty or high neighborhood deprivation in adolescence
only) had 50% to 72% lower odds of achieving a valid baseline
test (persistent poverty, OR = 0.59, P = .05; adolescent pov-
erty only, OR = 0.50, P = .004; adolescent neighborhood dep-
rivation only, OR = 0.28, P < .001). Maltreatment had no
significant effect on test validity.

Conclusions: These findings indicated that certain pat-
terns of adversity may predispose youth to invalid baseline
testing scores, potentially increasing their risk of inappropriate
injury management and poor outcomes.

Key Words: mild traumatic brain injuries, neurocognitive
testing, IMPACT, poverty

Key Points

» Youth with experiences of persistent or novel poverty and a high level of neighborhood deprivation in adolescence
were less likely to achieve a valid baseline concussion test.

« Without adequate retesting, youth with particular patterns of adversity may face compounded disadvantages, both
from the adversities themselves and from inaccurate neurocognitive diagnostic tests.

concussion protocols, and the most widely used neuro-

cognitive test is the Immediate Post-Concussion
Assessment and Cognitive Testing (ImPACT)."? This test and
other neurocognitive concussion assessments are challenged by
their ability to detect both intentional (eg, sandbagging) and
unintentional underperformance at the preinjury baseline.”® To
identify invalid baseline tests, INPACT has an embedded algo-
rithm that flags scores in 4 test modules that meet certain
thresholds, depending on the test taker’s age and sex (impulse

N eurocognitive testing is often administered in sport

control composite score >30, word memory learning per-
centage correct <69, design memory learning percentage
correct <50 for test takers age 1459 years and girls age
12—13 years or <45 for boys age 1213 years, and 3 let-
ters total correct <8 for test takers age 14—59 years or <7
for those age 1213 years).° If any of the invalidity crite-
ria are met in a baseline test, the test outputs an invalid
alert for the test administrator. This alert is an imperfect
indicator of test engagement that appears to underestimate
the true number of invalid scores.” Lower grade point
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average and histories of attention-deficit/hyperactivity disor-
der (ADHD) and learning disabilities were associated with
lower odds of baseline test validity.* Despite these concerns,
the default InPACT validity measure is still widely used in
the athletic training setting. It is therefore imperative to better
characterize the attributes and drivers of invalid scores to
effectively use neurocognitive testing in concussion manage-
ment for individuals with all backgrounds and abilities.

Data are scarce on concussion-testing validity in the context
of the social determinants of health, despite the well-
documented effects of adversity on reaction times, cognitive
tasks, behavioral outcomes, and academic performance in
youth. Poverty, operationalized in 1 study as enrollment in a
school with Title I status (the designation for high-poverty
schools with >30% of students eligible for school Iunch subsi-
dies), was associated with slower performance on the King-
Devick test, a rapid eye-movement and number-naming test
that has been used to assess vestibular-ocular impairment after
possible concussion.'®"" The authors hypothesized that more
untreated vision impairment or reading skill disparities for youth
in the low-income environment may lead to worse reaction
times.'™"" Although the effect of abuse or neglect on perfor-
mance in concussion testing has not been evaluated, extreme
early life stress caused by maltreatment (direct experience of
physical, sexual, or emotional abuse or neglect) or experiencing
and even witnessing traumatic events has been associated with
worse performance on memory-related tasks or tasks that
require response inhibition; both are primary components of
most neurocognitive tests used to evaluate sport-related concus-
sion.'*"? Additionally, neighborhood deprivation experienced in
early childhood has been associated with increased behavioral
challenges and worse educational outcomes in adolescence—
relationships that are heightened for youth with the most
extreme levels of deprivation.'*'> Duration and periodicity of
adversity likely modify the strength of these cognitive and
behavioral effects. For example, upward social mobility weak-
ened the influence of early childhood disadvantage on later adult
cognitive function, whereas downward social mobility in child-
hood was associated with chronic stress and worse mental
health over the long term.'®!”

Identifying sociodemographic attributes associated with
baseline concussion-testing validity may help medical practi-
tioners and athletic trainers (ATs) better identify athletes at risk
for invalid neurocognitive test performance and justify meth-
ods for improving baseline-validity testing processes, increas-
ing the allocation of resources for baseline retesting, or both.
Toward this aim, we examined the relationship between base-
line ImPACT test validity and experiences of adversity, includ-
ing poverty, abuse or neglect, and living in a highly deprived
neighborhood during the sensitive developmental periods of
early childhood (0-5 years old) and adolescence (within 5
years of the baseline test), controlling for demographic attri-
butes, ADHD, dyslexia, and autism (our conceptual model is
presented in the Supplemental Figure, available online at
https://dx.doi.org/10.4085/1062-6050-0502.22.S1). We also used
a social mobility framework to consider the possible effects of
inconsistent experiences of adversity across the 2 time periods.

METHODS
Study Population

As approved by the institutional review board at Univer-
sity Hospitals Medical Center (UH) in Cleveland, we

identified 8477 student-athletes born between 1995 and
2005 who completed a baseline ImPACT test when they
were between 10 and 18 years old at a middle or high
school in northeast Ohio whose athletic department was
affiliated with the UH Concussion Management Program.
The tests were administered between January 1, 2013, and
December 31, 2017. Version 2 was used for 81% of the
sample and version 3 for the remaining 19%. All testing
was completed under the supervision of an AT who received
annual training in ImPACT administration from a board-
certified neuropsychologist. Individual schools followed
unique protocols for baseline testing, though testing was
generally administered in a controlled environment with
small groups of athletes simultaneously completing baseline
tests (<10 athletes per AT or informed proctor per site).

From this population, we linked 6495 individuals to the
Child-Household Integrated Longitudinal Data (CHILD)
system via a probabilistic matching process. The CHILD
system is a continuously updated integrated and compre-
hensive data system that captures detailed individual-level
demographics, social service usage, and educational out-
comes of children born or living in Cuyahoga County, Ohio
from 1989 to the present.'®

Data Matching Process

To match individuals between the UH Concussion Man-
agement Program’s ImPACT testing database and the
CHILD system, we used a probabilistic matching process
standardized by the CHILD system and required in its pro-
tocols for all research linking to the administrative data-
base. In the matching process, no single variable (first
name, last name, date of birth, sex, or most recent address)
determined match validity; rather, each variable contributed
to an overall match likelihood through an iterative process
that allowed for variations in name spelling, date-of-
birth errors, and address changes. Two primary reasons
explained why one-quarter of the eligible youth in the
ImPACT data could not be linked to the CHILD system:
(1) Some schools in the ImPACT data were located out-
side Cuyahoga County, and the CHILD system is geo-
graphically restricted to Cuyahoga County. Therefore,
youth born outside of Cuyahoga County who never
resided within the county limits and engaged with a
Cuyahoga County data-sharing institution (including
public schools, blood lead testing, child welfare, and
juvenile courts) were unlikely to have been matched
between the 2 systems. (2) The ImPACT data contained
a limited set of identifiers (name, date of birth, gender,
and address), whereas the CHILD system typically uses
a wider array of information, including parent or guard-
ian information and social security number, in the match-
ing process to increase the match likelihood.

Variables of Interest

Validity of the first baseline test as determined by ImPACT’s
built-in validity scoring, age, and home address at the first
baseline test along with any concussion history and diagno-
sis of learning or developmental disorders (ADHD, dyslexia,
autism) were extracted from the ImPACT testing records
(Table 1).
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Table 1. Data Sources by Variable
Variable Details Time Period Source Rationale for Inclusion
ImPACT validity Binary variable: 0 = invalid, Baseline test UHCMP, ImPACT test Dependent variable in study
indicator 1 =valid
Sex Binary variable: 0 = male, Baseline test UHCMP, ImPACT test Known sex differences in
1 =female baseline testing
performance®°
Age Continuous variable: years Baseline test UHCMP, ImPACT test Known age differences in

History of concussion

ADHD

Dyslexia

Autism

Poverty

Abuse or neglect

Binary variable: 0 = no previous
concussion, 1 = previous
concussion

Categorical variable: 0 = no
ADHD diagnosis, 1 = ADHD
diagnosis, 3 = missing

Categorical variable: 0 = no
dyslexia diagnosis, 1 = dyslexia
diagnosis, 3 = missing

Categorical variable: 0 = no
autism diagnosis, 1 = autism
diagnosis, 3 = missing

Binary variable: 0 = no enroll-
ment in SNAP or TANF in
time period, 1 = at least 1
month enrolliment in SNAP or
TANF in time period

Binary variable: 0 = no sub-
stantiated child abuse or
neglect report in time period,
1 = at least 1 substantiated

Baseline test

Baseline test

Baseline test

Baseline test

0-5 years, 5 years
before baseline test

0-5 years, 5 years
before baseline test

UHCMP, ImPACT test

UHCMP, ImPACT test

UHCMP, ImPACT test

UHCMP, ImPACT test

CHILD, Cuyahoga County
Job and Family Services,
SNAP or TANF monthly
enroliment records

CHILD, Cuyahoga County
Department of Children
and Family Services, child
abuse or neglect reports

baseline testing®'°
Associated with | odds of
testing validity’

Associated with | odds of
testing validity"

Associated with | odds of
testing validity™

Associated with | odds of
testing validity™

Indicator of adversity, which
may be associated with
baseline testing
validity'#'3

Indicator of adversity, which
may be associated with
baseline testing
validity'*'8

child abuse or neglect report
in time period
Binary variable: 0 = residence
in census block not in highest
decile of deprivation relative
to the state of Ohio, 1 =
residence in census block in
highest decile of deprivation
Categorical variable: 1 = Black,
2 = White, 3 = other,
4 = missing

High neighborhood
deprivation

Mother’s race Birth

Birth, baseline test

CHILD, University of
Wisconsin, 2015 Area
Deprivation Index

An indicator of adversity,
which may be associated
with baseline testing
validity'*-2'

CHILD, Ohio Department of
Health, Department of
Vital Statistics, birth
certificates

Widely associated with
experiences of adversity

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; CHILD, Child-Household Integrated Longitudinal Data system; ImMPACT,
Immediate Post-Concussion Assessment and Cognitive Testing; SNAP, Supplemental Nutrition Assistance Program; TANF, Temporary
Assistance for Needy Families; UHCMP, University Hospitals Concussion Management Program.

The mother’s race and address provided on the birth cer-
tificate as well as measures of poverty and abuse or neglect
were extracted from the CHILD system. We used the moth-
er’s race because the infant’s race is not captured on Ohio
birth certificates. Addresses at birth and at the baseline
ImPACT test were geocoded and linked to the 2015 Area
Deprivation Index (ADI) by census block.'*** Two binary
variables for residence in the highest decile of deprivation
at birth and baseline were created using the state-level ADI
value, which ranks census blocks by deciles of deprivation
within each state. Just over one-third of the study popula-
tion (37.1%) could not be linked to the ADI in >1 of the
time periods because of out-of-county birth certificates or
errors in addresses that prevented geocoding.

Poverty was defined as enrollment in the Supplemental
Nutrition Assistance Program or Temporary Assistance for
Needy Families Program. A binary variable was created for
>1 month of enrollment in either public assistance program

during early childhood (0-5 years old), and another binary
variable was created for enrollment in either program dur-
ing adolescence (within 5 years of the baseline test). Expe-
riences of abuse or neglect were identified as cases of child
maltreatment (physical, sexual, or emotional abuse perpe-
trated by a parent, guardian, or custodian or a lack of ade-
quate care, supervision, or both) between birth and the
baseline ImPACT test that were found to be credible (ie,
substantiated) through investigation of the allegations by
the Cuyahoga County Division of Child and Family Ser-
vices. A binary variable was created for >1 substantiated
maltreatment incident in early childhood and another
binary variable for >1 incident in adolescence.

Two categorical variables reflecting life-course experi-
ences of poverty and residence in a highly deprived neigh-
borhood across the 2 time periods were created (no
experiences in early childhood or adolescence, only experi-
enced in early childhood, only experienced in adolescence,
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experienced in both early childhood and adolescence). Few
study participants had experiences of abuse and neglect in
adolescence; therefore, a similar life-course variable was
not created for abuse and neglect.

Statistical Analyses

Descriptive analysis included calculating means, SDs, and
percentages in the total sample as well as in subgroups based
on baseline test validity. Crude associations between each pre-
dictor and baseline validity were calculated. Four multivari-
able logistic regression models were conducted with baseline
validity as the outcome (1 = valid test, 0 = invalid test). The
demographic model included demographic covariates of sex,
age, ADHD, dyslexia, autism, and history of concussion. The
early childhood adversity model included the measures of
adversity (poverty, abuse or neglect, highest decile of neigh-
borhood deprivation) restricted to the first 5 years of life as
well as the demographic covariates as independent variables.
The adolescent adversity model included the measures of
adversity restricted to the 5 years before baseline as well as
the other demographic covariates as independent variables.
The life-course adversity model considered experiences of
adversity across the 2 time periods and included the life-
course variables of poverty and neighborhood deprivation in
addition to the other demographic covariates. Individuals with
missing neighborhood deprivation flags were excluded from
the relevant models.

Standard errors were clustered by school to account for
possible correlations in baseline administration or perfor-
mance or similar experiences of neighborhood deprivation
within schools. All models were also adjusted for the year
of the baseline test to correct for potential temporal trends
in testing. Post hoc complete-case hierarchical logistic
regression was conducted to identify the additional benefit
provided by the inclusion of adversity measures along with
demographic factors in modeling ImPACT validity. Moth-
er’s race was included as an additional demographic predic-
tor in an extension analysis to explore whether race, as a
proxy for experiences of discrimination and a legacy of dis-
investment, affected the observed associations with base-
line testing validity and adversity. Adjusted odds ratios
(ORs) and 95% Cls were generated for each model. All
analyses were conducted in RStudio (version 1.3.1056; The
R Project for Statistical Computing) and SAS (version 9.4;
SAS Institute). A 2-sided o of .05 was considered statisti-
cally significant.

RESULTS
Descriptive Statistics

Of the 6495 youth in the total study population, 6060
(93.3%) had a valid baseline ImPACT test, whereas 435
(6.7%) had an invalid test (Table 2). The average age of the
study population was 14.9 = 1.3 years, and most were
male (59.4%). A history of concussion or ADHD was fairly
common (16.2% and 10.6%, respectively), although dys-
lexia and autism were rare (1.5% and 0.5%, respectively).
Many student-athletes experienced poverty in early child-
hood (0-5 years old; 19.2%) or adolescence (within 5 years
of baseline; 21.3%). Abuse or neglect at either time point
was uncommon, although a higher percentage of the study
population had an abuse or neglect incident in early

childhood (2.1%) than in adolescence (0.6%). Of those who
had a nonmissing neighborhood deprivation value at birth
(N = 5455), 10.3% resided in the highest decile of depriva-
tion during early childhood, whereas only 1.5% of those with
a nonmissing value at the baseline test (N = 4843) resided in
a highly deprived neighborhood during adolescence.

The majority of the study population did not experience
poverty or a high level of neighborhood deprivation in
either time period (72.5% never experienced poverty;
89.3% never experienced high neighborhood deprivation).
However, of those who experienced poverty in either time
period, a higher percentage experienced poverty in both
time periods (12.9%) than only during early childhood
(6.3%) or adolescence (8.3%). Conversely, of those who
lived in the highest decile of neighborhood deprivation in
either time period, a larger percentage experienced a high
level of neighborhood deprivation only in early childhood
(9.3%) than only in adolescence (0.6%) or in both time
periods (0.8%).

Multivariable Logistic Regression Models

The multivariable models are presented in Table 3. The
demographic model showed that each year increase in age
was associated with 26% increased odds of a valid baseline
test (OR = 1.26 [95% CI = 1.12, 1.43], P <.001), and a his-
tory of concussion or diagnosis of ADHD or autism was asso-
ciated with significantly reduced odds of a valid test (history
of concussion, OR = 0.75 [95% CI = 0.57, 0.98], P = .03;
ADHD, OR = 0.57 [95% CI = 0.42, 0.78], P <.001; autism,
OR = 0.42 [95% CI = 0.21, 0.85], P =.02).

In the early childhood adversity model (ie, adversity
experienced from 0-5 years old), higher odds of baseline
validity were associated with each year increase in age at
the baseline test (OR = 1.23 [95% CI = 1.06, 1.41], P =
.005). No experiences of adversity in early childhood were
significantly associated with greater odds of valid test per-
formance. In the adolescent adversity model (ie, adversity
experienced in the 5 years before the baseline test), age
was associated with increased odds of valid test perfor-
mance (OR = 1.15 [95% CI = 1.02, 1.29], P = .03), and
ADHD with significantly lower odds (OR = 0.58 [95% CI =
0.40, 0.84], P = .004). A stronger relationship between pov-
erty and test validity was observed in the adolescent adversity
model than in the early childhood adversity model. Even
when adjusting for learning disabilities, a history of concus-
sion, and other experiences of adversity, youth who experi-
enced poverty in adolescence had 45% lower odds of a valid
performance (OR = 0.55 [95% CI = 0.39, 0.78], P < .001)
than those who did not experience poverty in that time period.

The relationship between poverty and test validity
changed when considered across both time periods in the
life-course adversity model (adversity in early childhood
and adolescence, the best-performing model; Supplemental
Table 1). In this model, both ADHD and autism were asso-
ciated with significantly lower odds of a valid test perfor-
mance (ADHD, OR = 0.66 [95% CI = 0.45, 0.96], P =
.03; autism, OR = 0.35 [95% CI = 0.17, 0.72], P = .005).
Compared with youth who did not experience poverty
across the life course, those who experienced poverty only
in early childhood and not in adolescence (upward social
mobility) did not differ with respect to test performance
validity (OR = 0.91 [95% CI = 0.53, 1.58], P = .74).
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Table 2. Characteristics of Inmediate Post-Concussion Assessment and Cognitive Testing (ImMPACT) Population by Baseline Test

Validity
Baseline Status
Characteristic Study Population Valid Invalid
No. 6495 6060 435
% of Study Population 93.3 6.7
Age, mean = SD, y 149 +1.3 149 +1.3 147 =13
No. (% of Study Population)
Male 59.4 59.1 63.2
History of concussion 16.2 15.9 20.7
Attention-deficit/hyperactivity disorder
Yes 10.6 10.1 17.7
No 86.3 87.0 77.0
Missing 3.1 2.9 5.3
Dyslexia
Yes 1.5 1.4 3.0
No 94.6 95.0 90.1
Missing 3.8 3.6 6.9
Autism
Yes 0.5 0.4 1.4
No 95.2 95.5 91.0
Missing 4.3 41 7.6
Poverty
Early childhood® 19.2 19.0 23.0
Adolescence® 21.3 20.6 29.9
Abuse or neglect
Early childhood 2.1 2.1 3.0
Adolescence 0.6 0.6 0.9
Highest decile of neighborhood deprivation
Early childhood 10.3 (n = 5455) 10.0 (n = 5126) 14.3 (n = 329)
Adolescence 1.5 (n =4843) 1.5 (n = 4544) 2.3(n=299)
Life course
Poverty
No poverty in early childhood or adolescence 725 73.0 64.8
Only poverty in early childhood 6.3 6.4 5.3
Only poverty in adolescence 8.3 8.0 12.2
Poverty in early childhood and adolescence 12.9 12.6 17.7
Highest decile of neighborhood deprivation
No high deprivation in early childhood or adolescence 89.3 89.6 84.9
High deprivation only in early childhood 9.3 9.0 12.9
High deprivation only in adolescence 0.6 0.5 2.2
High deprivation in early childhood and adolescence 0.8 0.9 0
(n =4084) (n = 3850) (n=232)

& Age = 0-5 years.
® Five years before baseline test.

Youth who experienced downward social mobility, experi-
encing poverty in adolescence and not in early childhood,
had significantly lower odds of a valid performance (OR =
0.50 [95% CI = 0.31, 0.80], P =.004) compared with those
who did not experience poverty. Youth who experienced
persistent poverty (poverty in both early childhood and ado-
lescence) also had significantly lower odds of a valid perfor-
mance (OR = 0.59 [95% CI = 0.35, 0.998], P =.05).
Similar patterns were observed for residence in the high-
est decile of neighborhood deprivation. Youth who lived in
the highest decile of neighborhood deprivation only at birth
and did not live in a similarly deprived neighborhood at the
time of their baseline test were no different from those who
had never lived in a highly deprived neighborhood (OR =
0.85 [95% CI = 0.65, 1.13], P =.26). Those who had lived
in a highly deprived neighborhood only at the time of their
baseline test had significantly lower odds of a valid test per-
formance (OR = 0.28 [95% CI = 0.17, 0.48], P < .001).

The number of youth who lived in the highest decile of
deprivation in both time periods was too low to be accu-
rately modeled.

The addition of mother’s race as a demographic variable
did not significantly change associations between experiences
of poverty or neighborhood deprivation and baseline testing
validity in any of the multivariable models (Supplemental
Table 2). Having a Black mother was independently associ-
ated with 34% to 39% lower odds of achieving a valid test
compared with having a White mother in the demographic
and early childhood adversity models (P < .05). Mother’s
race was not a significant predictor of validity in the adoles-
cent adversity or the life-course adversity models.

DISCUSSION

We examined the effect of adversity experienced during
early childhood and adolescence on baseline neurocognitive
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Table 3. Associations From the Multivariable Logistic Regression Models for Each Time Period, Odds Ratio (95% CI); P Value®

Demographic

Early Childhood Adversity

Adolescent Adversity Life-Course Adversity

Predictors (N = 6495) (n = 5455) (n =4843) (n = 4082)
Female (vs male) 1.14 (0.95, 1.38); .15 1.06 (0.91, 1.23); 47  1.04 (0.84, 1.29); .72 1.01 (0.81, 1.26); .94
Age 1.26 (1.12, 1.43); <.0001  1.23(1.06, 1.41); .005  1.15(1.02, 1.29); .03 1.07 (0.91, 1.26); .44

History of concussion 0.75 (0.57, 0.98); .03
Attention-deficit/hyperactivity disorder (vs no)
Yes 0.57 (0.42, 0.78); <.0001

Missing 0.74 (0.34, 1.64); .46
Dyslexia (vs no)

Yes 0.58 (0.32, 1.03); .06

Missing 0.88 (0.35, 2.22); .79
Autism (vs no)

Yes 0.42 (0.21, 0.85); .02

Missing 0.68 (0.34, 1.35); .27
Poverty

Early childhood®
Adolescence®

Abuse or neglect
Early childhood
Adolescence

High neighborhood deprivation
Early childhood
Adolescence

Life-course poverty (vs no poverty in early childhood or recent life)
Poverty only in early childhood
Poverty only in adolescence
Poverty in early childhood and

adolescence

0.77 (0.57, 1.04); .09

0.71 (0.49, 1.04); .08
0.71 (0.27, 1.85); .48

0.51 (0.25, 1.04); .06
0.63 (0.24, 1.65); .34

0.42 (0.17, 1.02); .06
1.14 (0.49, 2.66); .75

0.89 (0.64, 1.24); .51 0.93 (0.64, 1.35); .71

0.58 (0.40, 0.84); .004
0.66 (0.25, 1.77); .41

0.66 (0.45, 0.96); .03
0.38 (0.11, 1.25); .11

0.88 (0.41, 1.86); .73
1.15 (0.36, 3.70); .81

0.71 (0.30, 1.69); .43
0.82 (0.24, 2.83); .76

0.50 (0.20, 1.23); .13
0.98 (0.27, 3.58); .97

0.35 (0.7, 0.72); .005
3.02 (0.66, 13.8); .16

0.76 (0.54, 1.07); .12

0.55 (0.39, 0.78); 9.0 X 104

0.72(0.41, 1.28); .27

0.64 (0.15, 2.80); .55

0.84 (0.60, 1.17); .29

0.83 (0.56, 1.25); .38

0.91 (0.53, 1.58); .74
0.50 (0.31, 0.80); .004

0.59 (0.35, 0.998); .05

Life-course neighborhood deprivation (vs no high deprivation in early childhood or recent life)®

High deprivation only in early
childhood
High deprivation only in adolescence

Likelihood ratio test P value <.0001

0.85 (0.65, 1.13); .26
0.28 (0.17, 0.48); <.0001
<.0001

<.0001 <.0001

Abbreviation: IMPACT, Immediate Post-Concussion Assessment and Cognitive Testing.
@ Dependent variable: 1 = valid baseline IMPACT test; 0 = invalid baseline IMPACT test. Multivariable models adjusted for year of base-

line test. Bold font denotes a significant result.
® Age = 0-5 years.
° Five years before baseline test.

4 The number of youth who lived in the highest decile of deprivation in both early childhood and adolescence was too low to be accurately

modeled.

testing validity in middle and high school-aged student-
athletes. When only the demographic variables were con-
sidered, age, ADHD, and autism were significant predictors
of baseline test validity (Table 3); however, these associations
did not persist reliably with the subsequent addition of adver-
sity measures. It is possible that the variable significance
observed for ADHD and autism after the addition of adver-
sity in different life stages was due to correlations between
experiences of adversity and neurodevelopmental and behav-
ioral health conditions. For example, Zarei et al*' found that
adverse childhood experiences, including abuse, neglect, and
household poverty, were associated with increased risks for
autism, ADHD, and learning disabilities. The addition of
mother’s race did not significantly alter the relationship
between experiences of adversity and baseline testing valid-
ity. This suggests that experiences of poverty and neighbor-
hood deprivation have effects on neurocognitive testing that
are independent of adversities related to experiences of sys-
temic oppression typical for racialized minorities.

When adversities were considered under sensitive period
and social-mobility frameworks, the experience of poverty

in adolescence was associated with a significant reduction
in the odds of achieving a valid baseline test. Across the 2
time periods, it was apparent that social mobility played an
important role. Upward social mobility mitigated the effect
of adversity on baseline validity as these youth did not
have different validity patterns than those who never expe-
rienced poverty or neighborhood deprivation in our study
periods. Youth who experienced downward social mobility
were more likely to have an invalid baseline test perfor-
mance. Persistent poverty had a similarly severe reduction
in the odds of a valid baseline test. Although data are scarce
on the effect of poverty or neighborhood deprivation on
cognitive testing validity specifically, individual and
neighborhood poverty have been widely associated with
poor cognitive function outcomes, including deficits in
attention, memory, and inhibition."*"'>** Also, individ-
ual and neighborhood poverty were associated with
higher exposure to environmental toxins, such as lead in
peeling paint or contaminated water, which are known
contributors to low cognitive performances and aca-
demic challenges.??
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Although we were unable to differentiate whether the
invalid baseline tests were due to sandbagging (ie, inten-
tionally suboptimal effort) or legitimately poor perfor-
mance, the outcome of an invalid baseline score is the
same. Regardless of the underlying mechanism(s), many
youth with an invalid baseline must still rely on that test
because additional testing opportunities can be rare. In a
survey of ATs who administered ImPACT to their student-
athletes, only 51.9% reported reviewing the validity criteria
on baseline tests.** Offering repeat testing after an invalid
test drastically lowers the number of students without a
valid baseline; multiple researchers have found that more
than 85% of test takers with an initial invalid baseline test
will achieve a valid performance after readministra-
tion.>*>?¢ In our sample, 95% of those who took a repeat
baseline test within the same year as their invalid test
achieved a valid score. Based on our findings and previous
studies,”?° we strongly encourage all ATs and ImPACT
administrators to prioritize repeat testing after an invalid
initial baseline test. We also recommend baseline testing be
conducted in a controlled environment, with low group
numbers whenever possible (particularly for those individ-
uals who require repeated baseline testing because of an
initially invalid performance). Additionally, we advise a
brief check-in with an AT or another informed health care
provider when an invalid score is obtained to ensure that
other clinically relevant factors are not present that might
have affected testing and may require follow-up (eg, psy-
chological distress, learning disorders or ADHD, poor
sleep). Accurate neurocognitive testing is a useful tool for
concussion management, though its utility as an objective
measure may be meaningfully reduced if baseline validity
is not examined and addressed when concerns regarding
invalidity are raised.”’

A major strength of our work was our use of linked, lon-
gitudinal administrative data for a large study population,
which allowed us to consider specific, individual-level and
community-level measures of adversity typically unavail-
able in neurocognitive testing research. For example, we
were able to identify individual enrollment in federal
poverty-support programs along with residence in econom-
ically deprived communities, which provides a more
detailed measure of socioeconomic status than relying on
only regional or school-based markers of poverty. The suc-
cess of our administrative and testing data linkage suggests
that social service data may provide valuable insights into
how the social determinants of health intersect with heavily
used diagnostic tools in sports medicine.

This research has important limitations worth noting. We
used child maltreatment data gathered through the child
welfare system, and children with minoritized racial identi-
ties are more likely to have their families referred or inves-
tigated for maltreatment than White children.?® In addition
to oversurveillance by the child welfare system, casework-
ers disproportionately substantiate cases of neglect for
minoritized children (compared with physical and sexual
abuse for White children). Although we were not able to
fully account for the effect of institutional racism in the
child welfare data, we intentionally chose to include only
substantiated cases (rather than referrals or investiga-
tions), and we did not differentiate between maltreat-
ment classifications.

Relying solely on Supplemental Nutrition Assistance
Program and Temporary Assistance for Needy Families
Program enrollment likely provided us with a limited
understanding of poverty in our population. Some families
in the study population may have experienced functional
poverty despite having an income above the public assis-
tance programs’ income thresholds during the time periods
considered in our analysis. Additionally, the CHILD system
is geographically restricted to Cuyahoga County, the sec-
ond most populous county in Ohio. Another limitation was
that the mother’s race served as a proxy for the child’s race
in our analysis due to availability of racial information. If
our study population had different experiences of race than
their biological mothers, the resulting nondifferential mis-
classification may have led to an underestimation of the
effect of race. Future research is needed to disentangle the
underlying social determinants driving this racial disparity
in testing validity.

The disparities in baseline validity we revealed offer fur-
ther rationale that athletic programs using ImPACT must
devote the necessary resources to retesting youth with an
invalid baseline test performance or optimizing the testing
process to enable disadvantaged youth, specifically those
experiencing current or recent socioeconomic adversity, to
achieve valid baselines. Time and resource concerns may
discourage school-based athletic programs from adopting
more robust testing protocols, yet without a change in
ImPACT administration practices, youth with particular
patterns of adversity may face compounded disadvantage,
both from the adversities themselves and by disproportion-
ate reliance on inaccurate testing in sport-related concus-
sion management.
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