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Abstract

Objectives: Subjective cognitive difficulties (SCDs) are associated with factors commonly reported in older adults and former contact sport
athletes, regardless of objective cognitive decline.We investigated the relative contribution of these factors to SCD in former National Football
League (NFL)-players with and without a diagnosis of mild cognitive impairment (MCI).Methods: Former NFL players (n= 907) aged≥ 50
years (mean= 64.7 ± 8.9), with (n= 165) and without (n= 742) a diagnosis ofMCI completed health questionnaires. Multivariable regression
and dominance analyses determined the relative importance of SCD factors on SCD: 1) depression, 2) anxiety, 3) sleep disturbance, 4) pain
interference, 5) ability to participate in social roles and activities, 6) stress-related events, 7) fatigue, 8) concussion history, and 9) education.
SCD outcomes included Neuro-QoL Emotional-Behavioral Dyscontrol and the PROMIS Cognitive Function. Fisher’s z-transformation com-
pared comorbid contributing factors to SCD across MCI and non-MCI groups. Results: Complete dominance of anxiety was established over
most comorbid factors across the MCI and non-MCI groups. Fatigue also exhibited complete dominance over most comorbid factors, though
its influence in the MCI group was less robust (general dominance). Average contributions to variance accounted for by comorbid factors to
ratings of SCD across MCI and non-MCI groups did not statistically differ (Z-statistics <1.96, ps>.05). Conclusions: Anxiety and fatigue are
the most robust factors associated with SCD in former professional football players across various combinations of clinical presentations
(different combinations of comorbid factors), regardless of documented cognitive impairment. Self-reported deficits may be less reliable
in detecting objective impairment in the presence of these factors, with multidimensional assessment being ideal.
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Introduction

Subjective cognitive difficulties (SCDs) are common among older
adults and involve the self-reported perception of worsening cog-
nitive abilities (Jessen et al., 2020; Rohr et al., 2020). The self-
reported experience of cognitive changes can reflect individuals’
insight into objective cognitive changes as determined by neuro-
psychological assessment (Burmester, Leathem, & Merrick,
2016). Further, SCD has been correlated with neurobiological
markers (e.g., hippocampal volume, amyloid burden;
(Dauphinot et al., 2020; Ebenau et al., 2020) and risk factors
(e.g., decreased white matter integrity; (Ohlhauser, Parker,
Smart, Gawryluk, & Alzheimer’s Disease Neuroimaging, 2019)

of neurodegenerative changes, andmay be predictive of future cog-
nitive decline (Ebenau et al., 2020; Tsutsumimoto et al., 2017).

SCD, however, can also occur with no evidence of these neuro-
biological changes or worsening clinical state over time, highlight-
ing that there are other underlying factors that can influence SCD
(Burmester et al., 2016). Higher levels of SCD are associated with
demographic (race and education; (Rohr et al., 2020), health (pain,
TBI history; (Roberts et al., 2021; Walton, Kerr, et al., 2021;
Westoby et al., 2009), psychological (depression, anxiety, person-
ality) and situational factors (stress, chronic sleep disturbance,
decreased activities and roles; (Ryu et al., 2016; Sabatini et al.,
2021). Many of the aforementioned factors are highly prevalent
and co-morbid in older adults. This can result in elevated SCD
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in the absence of objective changes and render self-reported cog-
nition as less reliable and accurate.

Higher levels of SCD have been observed among former contact
sport athletes (Alosco, M.L., Kasimis, A.B., Stamm, J.M., Chua,
A.S., Baugh, C.M., Daneshvar, D.H., Robbins, C.A., Mariani, M.,
Hayden, J., Conneely, S., Au, R., Torres, A., McClean, M.D.,
McKee, A.C., Cantu, R.C., Mez, J., Nowinski, C.J., Martin, B.M.,
Chaisson, C.E., Tripodis, Y., & Stern, R.A. et al., 2017; Esopenko
et al., 2017). However, other health, mood, and lifestyle factors
are also commonly present, often co-occurring, among former
contact sport athletes as well (Brett et al., 2021; Esopenko et al.,
2017; Iverson et al., 2021; Kerr et al., 2012; Prien et al., 2020;
Schwenk et al., 2007). For example, interrelated relationships
between pain, depression, and chronic sleep disturbance, have
been observed in former elite-level contact sport athletes (Brett
et al., 2021; Iverson, Van Patten, et al., 2021; Schwenk et al.,
2007). Given the common comorbidity and dynamic relationships
(e.g., increased pain can positively influence sleep disturbance and
depression symptoms) of these factors, identifying sources of the
greatest contribution to difficulties can be challenging, but doing
so may improve the efficacy of targeted treatment strategies. As
such, it is critical to gain a greater understanding of the relative in-
fluence of these factors on SCD to optimize treatment and prog-
nosis in older adults. Given the notable prevalence and high
comorbidities of these factors with SCD among former contact
sport athletes and in the general population, it is critical to differ-
entiate which factors are associated with SCD among those with
and without documented cognitive impairment (Brett et al.,
2021; Esopenko et al., 2017; Iverson, Van Patten, et al., 2021;
Kerr et al., 2012; Schwenk et al., 2007).

The first aim of the study was to investigate the relative influ-
ence of comorbid contributing factors on SCD through dominance
analysis. Through this approach, it can be determined which fac-
tors are more likely to contribute to SCD, as compared to other
factors, regardless of the combinations and numbers of other
SCD-factors considered/present (i.e., complete dominance). In
other words, if factor 1 completely dominates factor 2, the number
or different combinations of other factors that can increase SCD
will not alter the fact that factor 1 influences SCD at a greater level
than factor 2. Dominance analysis also allows for examination of
which factors exhibt greater average conditional (when the same
number of SCD-factors are considered) contribution to SCD
across different combinations of models (i.e., general dominance;
see below for further description). Secondly, the study aimed to
identify these factors’ differential associations with SCD among
those with and without documented cognitive impairment (i.e.,
diagnosis of mild cognitive impairment; MCI), given that comor-
bid factors can differ among those with and without documented
cognitive impairment (Benito-Leon et al., 2010; Markova
et al., 2019).

Methods

Participants

Inclusion criteria for the study required one-year of professional
American football in the National Football League (NFL).
Players were recruited through multiple means, including individ-
ual team and organizational (e.g., NFL Alumni Association) com-
munications (e.g., newsletter notification, mailed letters) via email
and hard copy questionnaires. Overall, 15,025 former NFL players
were contacted and 1,784 (11.9%) completed a health and function
questionnaire, 989 who were aged≥ 50-years (Brett et al., 2021;

Walton, Kerr, et al., 2021). Given that anosognosia (i.e., decreased
insight into cognitive symptoms and lower endorsement) increases
with greater disease severity, individuals who indicated a physi-
cian-based diagnosis of dementia (n= 82; n=75 also reporting a
diagnosis of MCI) were excluded, leaving 907 for analyses
(Supplemental Figure 1; (Edmonds et al., 2018). The study was car-
ried out in accordance with the Declaration of Helsinki and
approved by an Institutional Review Board at the Medical
College of Wisconsin and University of North Carolina at
Chapel Hill #19-1065 and participants provided written informed
consent prior to any study activities.

The comprehensive health and function questionnaire com-
pleted by participants involved demographic information, medical
history, concussion history, years of American football participa-
tion, and various self-reported measures of health and functioning.
The questionnaire was adapted from a previously utilized general
health survey in this population and was further modified to
include additional previously well-validated inventories of neuro-
behavioral function, psychosocial function, health-promoting
behaviors, and other domains (Guskiewicz et al., 2005;
Guskiewicz et al., 2007). Modifications to the questionnaire were
made based on contributions from neuropsychologists, athletic
trainers, epidemiologists, physicians, and other sports medicine
professionals. These individuals helped to refine aspects of the pre-
vious survey (e.g., health/injury history questions) and selected
well-validated instruments based on their area of expertise (e.g.,
physical activity and diet questionnaires selected by exercise phys-
iologists; see below for instruments utilized in the current study
and description of their validation in prior studies).
Additionally, former NFL players pilot tested the questionnaire
and provided input to improve the questionnaire’s administration
and clarity.

Participants reported the number of prior concussions (medi-
cally diagnosed and those not medically diagnosed) based on a
standard definition provided as part of the questionnaire
(McCrea et al., 2004). The definition provided included: “A con-
cussion typically occurs from a blow to the head and is followed
by a variety of symptoms that may include any of the following:
headache, dizziness, loss of balance, blurred vision, ‘seeing stars’,
feeling in a fog, or slowed down, memory problems, poor concen-
tration, nausea, or throwing-up. Getting ‘knocked out’ or being
unconscious does NOT always occur with a concussion.”
Participants reported the presence of MCI (yes/no) by indicating
that they been diagnosed by a physician or other healthcare
professional.

Comorbid contributing factors to SCD

Factors were selected a priori based on previous investigations
included 1) depression symptom severity (Roberts et al., 2021;
Schwenk et al., 2007), 2) anxiety symptom severity (Roberts
et al., 2021; Sabatini et al., 2021), 3) sleep disturbance (Stenfors
et al., 2013), 4) pain interference (Schwenk et al., 2007; Westoby
et al., 2009), 5) ability participate in social roles and activities
(Ryu et al., 2016), 6) level of current stress-related life events
(Nelson et al., 2021), 7) fatigue (Rasouli et al., 2019), 8) concussion
history (Roberts et al., 2021), and 9) education (Rohr et al., 2020).
Current level of stress-related events was measured using the
Holmes and Rahe Stress Inventory, which is comprised of 43 items
that represent different quantified (i.e., points) stressors that can be
summed for a total score. Similar to previous research, self-
reported lifetime concussion history was binned into five
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categories: 0, 1–2, 3–5, 6–9, and 10þ (Walton, Kerr, et al., 2021).
Education was characterized as a categorical variable with three
levels that included attainment of less than bachelor’s degree, bach-
elor’s degree, and professional degree (e.g., MS, JD, PhD).

The Patient Reported Outcomes Measurement Information
System-29 (PROMIS-29 v2.1) is comprised of multiple PROMIS
Short Form inventories corresponding with several of SCD-asso-
ciated factors above (Rose et al., 2018). PROMIS Short Form inven-
tories for each of the included domains were adapted from the
original full item measures (initially developed from databanks
involving over 15,000 respondents across the United States) using
advanced analytical approaches, such as item response theory, in
order to yield maximum information with minimal items admin-
istered (Cella et al., 2019). All PROMIS Short-Form inventories
included as SCD-associated factors consist of four items per con-
struct. Previous studies have reported on the psychometric proper-
ties of the PROMIS Short Form inventories and their aggregation
as the PROMIS-29, and established various forms of validity (e.g.,
content, concurrent, ecological, discriminant validity) in the gen-
eral population and various clinical populations (e.g, Cella et al.,
2019; Deyo et al., 2016; LaVela et al., 2019; Riley et al., 2010;
Rose et al., 2018). See the following examples of psychometric val-
idation studies for each of the PROMIS Short Form inventories
included as part of the PROMIS-29 that were SCD-associated fac-
tors of interest for the current study; Anxiety (Pilkonis et al., 2011;
Schalet et al., 2016), Depression (Pilkonis et al., 2011; Schalet et al.,
2016; Teresi et al., 2016), Sleep Disturbance (Full et al., 2019; Yu
et al., 2011), Fatigue (Broderick et al., 2013; LaVela et al., 2019),
Ability to Participate in Social Roles and Activities (Bode, Hahn,
DeVellis, Cella, & Patient-Reported Outcomes Measurement
Information System Social Domain Working, 2010; Terwee
et al., 2019), and Pain Interference (Broderick et al., 2013; Deyo
et al., 2016). All items from PROMIS-29 Short Form inventories
were rated on a 5-point Likert scale and individual participant
responses (i.e., raw sum scores) for all measures were converted
to t-scores (mean= 50 and standard deviation, SD= 10) based
on normative data obtained from the general population.
Higher t-scores on the Anxiety, Depression, Sleep Disturbance,
Fatigue, and Pain Interference inventories indicated greater dys-
function (i.e., poorer) in these domains. Higher T-scores on the
Ability to Participate in Social Roles and Activities domain indi-
cated higher levels (i.e., better) of function.

SCD outcomes

The primary outcome of interest, SCD, was measured using the
PROMIS Cognitive Function Short-Form v2.0, which yields a total
score based on items reflecting various aspects of cognition such as
attention/concentration, memory, processing speed, and executive
function (multitasking/mental flexibility; (Lai et al., 2014). Given
that neurobehavioral dysfunction has also been reported as a
common corollary of cumulative concussion among former NFL
players (Montenigro et al., 2017), a secondary SCD-associated out-
come included the Quality of Life in Neurological Disorders
(Neuro-QoL) Emotional and Behavioral Dyscontrol v1.0 (Cella
et al., 2012). Items from the Neuro-QoL Emotional and
Behavioral Dyscontrol reflect various aspects of neurobehavioral
dysfunction, such as emotional lability, disinhibition, irritability/
impatience, and impulsiveness.

Similar to the other PROMIS measures noted above, prior stud-
ies investigating the psychometric properties of the PROMIS
Cognitive Function (Iverson et al., 2021; Thackeray et al., 2021)

and Emotional and Behavioral Dyscontrol (Gershon et al., 2012)
have established various forms validity (e.g., construct validity)
across the general population and multiple clinical populations
(e.g., Becker et al., 2014; Kozlowski et al., 2016; Nowinski et al.,
2016; Valentine et al., 2019; Victorson et al., 2014). PROMIS
Cognitive Function Short-Form (four items) and Neuro-QoL
Emotional and Behavioral Dyscontrol Short-Form (eight items)
items were rated on a 5-point Likert scale and raw sum were con-
verted to T-scores (mean= 50 and standard deviation, SD = 10)
based on normative data obtained from the general population.
Greater dysfunction in the domain of Emotional and Behavioral
Dyscontrol is represented by higher T-scores. Higher T-scores
on the Cognitive Function indicated higher levels of function
(i.e., better self-rated cognitive function).

Statistical analysis

Statistical analyses were performed in R (version 4.0.5).
Associations between missing and observed data were not
observed upon inspection of visual plots (i.e., missing at random)
and as such, multiple imputation by chained equations (five iter-
ations) was utilized in order to address missingness and maintain
cases (Zhang, 2016). Missingness frequency and percentages for
variables of interest provided in Supplemental Table 1.
Independent sample t-tests compared SCD-associated outcomes
across MCI and non-MCI groups and effect sizes (Cohen’s d) were
calculated (0.0–0.2=small, 0.3–0.5=medium, ≥0.8=large; (Cohen,
1988). Single-predictor regression analyses were first performed to
ensure that a priori selected comorbid contributing factors were
significantly associated with SCD scores for the MCI and non-
MCI group. A multivariable linear regression model including
all factors was then fit for each outcome. Sensitivity analyses
involving similar multivariable linear regression models that
included participants with a diagnosis of dementia as part of the
MCI group were also fit (Supplemental Table 2).

In order to determine the relative influence of each comorbid
contributing factor on SCD outcomes, dominance analyses were
performed for each outcome, with bootstrap sampling (1000 sam-
ples) for estimation of SE and confidence intervals in MCI and
non-MCI groups. Dominance analysis was developed as a method
to determine the relative importance of each predictor within mul-
tivariable regression models by comparing their unique contribu-
tions to the variance explained in the dependent variable across all
subsets of predictors (Azen & Budescu, 2003). By examining the
increase in variance explained across all possible models, this
method allows for comparing the additional contribution of each
predictor to equivalent subsets of models (e.g., X1 added to model
X2þ X3, X2 added to model X1þ X3, X3 added to X1þ X2). Given
the high correlation between comorbid contributing factors (Brett
et al., 2021; Esopenko et al., 2017; Iverson, Van Patten, et al., 2021;
Kerr et al., 2012; Schwenk et al., 2007), this method is advantageous
in determining unique contribution of these factors to levels of sub-
jectively rated cognition, as one factor’s additional contribution to
the outcome could drastically differ depending on which other var-
iables are included in the model; as well as the fact that a one-unit
increase in one factor can simultaneously influence the outcome
directly and indirectly through an increase in another factor
(increase in pain can simultaneously increase depression, both act-
ing on the outcome).

Complete dominance of one factor over another is established if
it consistently contributes additional variance in the outcome over
another predictor across all model subsets (as measured by
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increase in R2). If complete dominance is not observed, two lower
levels of dominance, conditional and general, can be established.
Conditional dominance can be established if the average additional
contribution of explained variance of one factor over another is
consistently recorded for models within each size (i.e., every com-
bination of models with the same number of predictors). General
dominance of a factor involves a greater average of conditional
contributions across all model sizes over another. If complete
dominance is achieved, conditional and general dominance is
implied. Comparison of the average contribution of variance
accounted for (i.e., based on general dominance of the analysis)
by each SCD-associated factor for the two outcomes of interests
between the MCI and non-MCI groups was performed based on
a Z-statistic distribution, derived from Fisher’s r to z transforma-
tion (i.e., is the comorbid contributing factor more strongly related
to SCD in MCI vs. the non-MCI group). Statistical significance for
all analyses was evaluated at the 0.05 level.

Results

The final sample included 907 former NFL players with a mean age
of 64.7 ± 8.9 years (Table 1). A diagnosis of MCI was reported by
18.2% (n= 165) of the sample. Those with MCI endorsed greater
general cognitive difficulties ([t(905)=14.03, p<.001, d= 1.31;
mean difference=10.4]) and emotional-behavioral dyscontrol
(t[905]=−9.12, p<.001, d= 0.78; mean difference=−7.5). Single-
predictor analyses of the nine individual comorbid contributing
factors confirmed significant associations between these factors
and SCD outcomes for the non-MCI group (Table 2). Within
the MCI group, univariate analyses indicated most SCD factors
were significantly associated with SCD outcomes, except for edu-
cation and concussion history (significantly associated with emo-
tional and behavioral dyscontrol, but not with general cognitive
function). Associations between years of football participation

and SCD-outcomes were not observed in the MCI (general cogni-
tion, B=−.01[0.11], p=.903; emotional and behavioral dyscontrol,
B=−0.16[0.16], p=.303) or non-MCI groups (general cognition,
B= 0.02[0.07], p=.754; emotional and behavioral dyscontrol,
B=−0.01[0.07], p=.938); as such, they were not included in the
dominance analyses.

There were no statistically significant associations between race
(White and non-White participants) and emotional and behav-
ioral dyscontrol in the MCI (B= 3.03[1.55], p=.053) and non-
MCI groups (B= 0.26[0.77], p=.739). There was no statistically
significant association between race and general cognition in the
MCI group (B=−1.68[1.10], p=.128). Within the non-MCI
group, subjective ratings of general cognition were significantly
lower in non-White participants (Mean t-score=46.14) as com-
pared to White participants (Mean t-score=48.27;
B=−2.13[0.74], p=.004). Further examination of specific racial
identity groups for the non-MCI participants revealed a high
degree of heterogeneity in subjective ratings of general cognition
across individual groups within the non-White category (e.g.,
Asian mean t-score=37.9; Multiple Races mean t-score=42.79;
Black mean t-score=46.45), indicating that aggregation of all
groups into a single category would not be appropriate. Given
the high degree of heterogeneity across individual groups, low stat-
istical power for individual group comparison, and the desire to
avoid systematically excluding smaller individual racial identity
groups in the sample, race was not included in the subsequent
dominance analyses.

Comorbid contributing factors of general cognition

General SCD in MCI
Only anxiety (B=−0.26[0.08], p=.002) and fatigue
(B=−0.16[0.07], p=.022) remained significantly associated with
subjectively rated general cognition in the multivariable model that
included all nine SCD-associated factors within the MCI group
(Table 3). The bootstrap dominance analysis of subjectively rated
cognition revealed that complete dominance was established for
anxiety over the other six comorbid contributing factors, but
not social roles and activities or fatigue (Supplementary Table 3;
summary of all dominance analyses for each outcome across
MCI and non-MCI groups provided in Table 4). Conditional
dominance was established for fatigue over five comorbid contrib-
uting factors (sleep disturbance, concussion history, pain, educa-
tion, stress-related life events). Additionally, conditional
dominance for ability to participate in social roles and activities
was established over education within bootstrap results. Various
combinations of the remaining SCD-associated factors were
observed as establishing general dominance over others
(Supplementary Table 3; strength of variable effect listed in order
for all supplementary tables), with depression and pain being the
most robust factors (i.e., general dominance over the remaining
variables).

General SCD in non-MCI
A multivariable model showed that anxiety (B=−.25[0.05],
p<.001), fatigue (B=−.27[0.04], p<.001), concussion history
(unstandardized beta[standard error]; B=−.66[0.19], p<.001),
and education (B= 1.21[0.40], p=.003) were significantly associ-
ated with greater general SCD among former players without a
diagnosis of MCI (Table 3). Bootstrap dominance analysis indi-
cated complete dominance of anxiety over depression, sleep dis-
turbance, concussion history, education and stress-related life

Table 1 Participant information and characteristics

Participants
(N= 907)

MCI Group
(n= 165)

No MCI Group
(n= 742)

Demographic and sport history M ± SD/n(%) M ± SD/n(%)
Age 64.8 ± 9.2 64.7 ± 8.7
Race
White 104(63.0%) 539(72.6%)
Non- White 59(35.8%) 195(26.4%)
Black 58 (35.2%) 180 (24.3%)
Multiple races 1 (0.6%) 8 (1.1%)
American Indian/Alaska Native 0 (0.0%) 2 (0.3%)
Native Hawaiian/Pacific Islander 0 (0.0%) 2 (0.3%)
Other 0 (0.0%) 2 (0.3%)
Asian 0 (0.0%) 1 (0.1%)
Not reported 2 (1.2%) 8 (0.9%)

Education
HS graduate, GED, some college 37(22.4%) 94(12.7%)
Bachelor’s 93(56.4%) 444(59.8%)
Graduate/Professional Degree 35(21.2%) 204(27.8%)

Concussion history
0 11(6.7%) 104(14.0%)
1–2 18(10.9%) 133(17.9%)
3–5 32(19.4%) 199(26.8%)
6–9 37(22.4%) 148(19.9%)
10þ 67(40.6%) 158(21.3%)
Lifetime years of football 18.2 ± 4.8 17.7 ± 4.7
PROMIS Cognitive Function 37.3 ± 6.7 47.7 ± 9.0
Neuro-QoL Emotional-Behav. Dyscontrol 55.3 ± 9.8 47.8 ± 9.4
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events, as well as conditional dominance over pain and ability to
participate in social roles and activities. Complete or conditional
dominance was established for fatigue over all comorbid contrib-
uting factors except for anxiety. Complete and conditional domi-
nance over stress-related life events was established for concussion
history and ability to participate in social roles and activities,
respectively. Aside from the most robust factors (anxiety and

fatigue), the other comorbid contributing factors exhibited various
patterns of general dominance (Supplementary Table 4; Table 4).

Group differences in comorbid contributing factors of general
SCD
Based on the general dominance level (i.e., average contribution to
model R2 across all possible model sizes), anxiety and ability to

Table 3. Multivariable models of all comorbid contributing factors with general cognition and emotional and behavioral dyscontrol

MCI Group No MCI Group

B SE β p-value B SE β p-value

General cognition
Depression 0.03 0.08 0.04 0.765 −0.03 0.06 −0.03 0.574
Sleep disturbance −0.01 0.07 <−0.01 0.900 −0.07 0.05 −0.04 0.183
Concussion history 0.19 0.36 0.04 0.594 −0.66 0.19 −0.10 <.001
Pain interference 0.06 0.08 0.07 0.484 −0.05 0.04 −0.05 0.235
Anxiety −0.26 0.08 −0.37 0.002 −0.25 0.05 −0.25 <.001
Education −0.05 0.66 −<0.01 0.943 1.22 0.4 0.08 0.003
Fatigue −0.16 0.07 −0.25 0.022 −0.27 0.04 −0.29 <.001
Stress-related events <0.01 <0.01 0.01 0.88 <0.01 0.05 0.01 0.679
Social 0.17 0.10 0.19 0.082 0.08 0.05 0.08 0.080

Emotional and Behavioral Dyscontrol
Depression −0.04 0.12 −0.04 0.731 0.14 0.06 0.12 0.019
Sleep disturbance 0.02 0.09 0.02 0.818 0.03 0.06 0.02 0.539
Concussion history 0.02 0.51 <0.01 0.971 0.3 0.21 0.04 0.159
Pain interference 0.01 0.12 0.01 0.931 0.46 0.05 0.04 0.333
Anxiety 0.51 0.11 0.51 <.001 0.24 0.06 0.23 <.001
Education 2.84 0.93 0.19 0.003 −0.49 0.44 −0.03 0.26
Fatigue 0.10 0.10 0.11 0.823 0.20 0.04 0.20 <.001
Stress-related events <0.01 <0.01 0.01 0.824 <0.01 <0.01 0.05 0.083
Social −0.19 0.14 −0.15 0.162 −0.11 0.05 −0.10 0.020

MCI=mild cognitive impairment; B=unstandardized beta coefficient; SE=standard error; β=standardized coefficient; social=Ability to Participate in Social Roles and Activities; education 1 unit
increase= increase in education level from below bachelor’s degree, bachelor’s degree, and professional degree; concussion history 1 unit increase=increase in concussion history group from 0,
1–2, 3–5, 6–9, and 10þ; Depression, Sleep Disturbance, Pain Interference, Anxiety, and Ability to Participate in Social Roles and activities 1 unit increase= 1 T-score point change. Stress-Related
Events =Social Readjustment Rating Scale (SRRS), 1 unit=1 point increase on the SRRS; Higher T-scores on the Anxiety, Depression, Sleep Disturbance, and Pain Interference indicate greater
(i.e., poorer) dysfunction in that area. Higher T-scores on the Ability to Participate in Social Roles and Activities inventory indicated higher levels (i.e., better) of function on these domains; MCI
multivariable with Cognition as the dependent variable, R2=.390; MCI multivariable with emotional and behavioral dyscontrol as the dependent variable, R2=.430; Non-MCI multivariable with
Cognition as the dependent variable, R2=.445; Non-MCI multivariable with emotional and behavioral dyscontrol as the dependent variable, R2=.409.

Table 2. Single-predictor analyses of individual comorbid contributing factors and SCD outcomes

MCI Group No MCI Group

B SE R2 p-value B SE R2 p-value

General cognition
Depression −0.37 0.48 0.27 <.001 −0.58 0.03 0.28 <.001
Sleep disturbance −0.27 0.07 0.08 <.001 −0.59 0.06 0.13 <.001
Concussion history −0.73 0.41 0.02 0.079 −1.77 0.24 0.07 <.001
Pain interference −0.31 0.06 0.14 <.001 −0.48 0.04 0.2 <.001
Anxiety −0.39 0.04 0.32 <.001 −0.57 0.03 0.33 <.001
Education 1.24 0.79 0.01 0.120 2.42 0.53 0.03 <.001
Fatigue −0.37 0.04 0.3 <.001 −0.56 0.03 0.35 <.001
Stress-related events −0.01 0.003 0.04 0.011 −0.01 <.01 0.04 <.001
Social 0.45 0.06 0.24 <.001 0.54 0.03 0.25 <.001

Emotional and behavioral dyscontrol
Depression 0.54 0.07 0.27 <.001 0.62 0.03 0.3 <.001
Sleep disturbance 0.39 0.1 0.08 <.001 0.59 0.06 0.12 <.001
Concussion history 1.51 0.59 0.04 0.012 1.5 0.25 0.05 <.001
Pain interference 0.47 0.09 0.15 <.001 0.48 0.04 0.17 <.001
Anxiety 0.6 0.06 0.37 <.001 0.59 0.03 0.33 <.001
Education 0.65 1.15 <.01 0.574 −1.71 0.56 0.01 0.002
Fatigue 0.49 0.07 0.26 <.001 0.54 0.03 0.3 <.001
Stress-related events 0.02 <.01 0.06 0.002 0.02 <.01 0.06 <.001
Social −0.62 0.09 0.22 <.001 0.55 0.04 0.24 <.001

MCI=mild cognitive impairment; B=unstandardized beta coefficient; SE=standard error; R2=coefficient of determination; social=ability to participate in social roles and activities; education 1
unit increase= increase in education level from below bachelor’s degree, bachelor’s degree, and professional degree; concussion history 1 unit increase=increase in concussion history group
from 0, 1–2, 3–5, 6–9, and 10þ; Depression, Sleep Disturbance, Pain Interference, Anxiety, and Ability to Participate in Social Roles and activities 1 unit increase= 1 T-score point change. Stress-
Related Events =Social Readjustment Rating Scale (SRRS), 1 unit=1 point increase on the SRRS; Higher T-scores on the Anxiety, Depression, Sleep Disturbance, and Pain Interference indicate
greater (i.e., poorer) dysfunction in that area. Higher T-scores on the Ability to Participate in Social Roles and Activities inventory indicated higher levels (i.e., better) of function on these domains.
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participate in social roles and activities contributedmore to general
SCD in the MCI group than non-MCI group (Table 5; Figure 1).
Conversely, fatigue, pain interference, sleep disturbance, concus-
sion history and education were more likely to be associated with
general SCD in non-MCI participants. The largest differences in
average contribution to SCD of general cognition across the
non-MCI and MCI groups included fatigue (R2 diff =−.023)
and concussion history (R2 diff=−.018), where these factors
had a greater influence on SCD in the non-MCI group. The average
contributions of variance explained by each comorbid contributing
factor for ratings of general cognition across MCI and non-MCI
groups did not significantly differ (Z-statistic <1.96, ps>.05).

Comorbid contributing factors of emotional and behavioral
dyscontrol

Emotional and behavioral dyscontrol in MCI
A multivariable model indicated that only anxiety (B= 0.51[0.11],
p<.001) and education (higher emotional and behavioral dyscon-
trol among higher education; B= 2.84[0.93], p= .003) remained
significantly associated with ratings of emotional and behavioral
dyscontrol. The corresponding bootstrap dominance analysis indi-
cated complete dominance of anxiety over all other eight comorbid

contributing factors. Depression exhibited conditional dominance
over stress-related life-events. The remaining comorbid contribut-
ing factors exhibited various patterns of general dominance, with
average unique contributions across the same-level models pro-
vided in Supplementary Table 5.

Emotional and behavioral dyscontrol in non-MCI
Depression (B= 0.14[0.06], p= .019), anxiety (B= 0.24[0.06],
p<.001), fatigue (unstandardized beta[standard error];
B= 0.20[0.04], p<.001), and ability to participate in social roles
and activities (B=−0.11[0.05], p= .027) remained significantly
associated with ratings of emotional and behavioral dyscontrol
in amultivariable model. There was complete dominance of fatigue
over sleep disturbance, concussion history, pain, education, stress-
related events, and ability to participate in social roles and activ-
ities. Complete dominance was established for anxiety over the
same variables with the exception of pain and ability to participate
in social roles and activities, in which conditional dominance was
observed. Conditional dominance was also observed for depression
and ability to participate in social roles and activities over sleep dis-
turbance. Depression exhibited general dominance over ability to
participate in social roles and activities, and both exhibited general
dominance over the remaining comorbid contributing factors
(Supplementary Table 6).

Group differences in comorbid contributing factors of
emotional and behavioral dyscontrol
Anxiety and education explained greater endorsement of emo-
tional and behavioral dyscontrol in the MCI group than non-
MCI group across equal sets of models (Table 5; Figure 2).
Conversely, fatigue, depression, pain interference, and sleep dis-
turbance were more likely to contribute explained variance in
endorsement of emotional and behavioral dyscontrol in non-
MCI participants. Z-score transformations revealed that the aver-
age contributions of variance explained by each SCD-associated
factor for ratings of emotional and behavioral dyscontrol across
MCI and non-MCI groups did not significantly differ (Z-statistics
<1.96, ps>.05).

Discussion

A number of factors that are particularly prevalent in older former
contact sport athletes are associated with elevated SCD. Any com-
bination these factors is highly comorbid at clinical presentation,
with or without objective evidence of cognitive impairment.
Anxiety and fatigue are the most robust factors associated with
SCD in former professional football players, though fatigue was
a more robust predictor of SCD regardless of other factors in for-
mer players without a diagnosis of MCI. Depression was more
robustly associated with endorsement of emotional and behavioral
dyscontrol over other factors, as compared to general cognition.
Patterns of the relative strength of comorbid contributing factors
between those with and without MCI, did not significantly differ.
As such, the presence of comorbid contributing factors can simi-
larly influence subjectively reported cognitive complaints in those
with and without documented cognitive impairment, and self-
reported cognitive deficits may be less reliable in detecting objec-
tive cognitive decline in the presence of these factors.

Comorbid contributing factors in MCI and non-MCI

Within both the MCI and non-MCI groups, anxiety was the
strongest and most robust factor associated with SCD reflecting

Table 4. Summary of bootstrap dominance analysis results of comorbid
contributing factors with ratings of general cognition and emotional and
behavioral dyscontrol in MCI and non-MCI groups

Factori Factorj Complete Conditional General

Anxiety Fatigue C C C
Anxiety Social C BCD ABCD
Anxiety Depression BC ABCD ABCD
Anxiety Pain AC ABCD ABCD
Anxiety SleepDstr ABCD ABCD ABCD
Anxiety ConHx ABCD ABCD ABCD
Anxiety Education ABCD ABCD ABCD
Anxiety LifeEvents ABCD ABCD ABCD
Fatigue Social BD BD BD
Fatigue Depression B B B
Fatigue Pain BD ABD ABCD
Fatigue SleepDstr BD ABD ABCD
Fatigue ConHx BD ABD ABCD
Fatigue Education BD ABD ABCD
Fatigue LifeEvents BD ABD ABCD
Social Depression BD*
Social Pain ABCD
Social SleepDstr D ABCD
Social ConHx ABCD
Social Education A ABCD
Social LifeEvents ABCD
Depression Pain D ABCD
Depression SleepDstr D ABCD
Depression ConHx ABCD
Depression Education ABCD
Depression LifeEvents ABCD
Pain SleepDstr ABCD
Pain ConHx ABCD
Pain Education ABD
Pain LifeEvents ABCD
SleepDstr ConHx ABD
SleepDstr Education ABD
SleepDstr LifeEvents ABD
ConHx Education BD
ConHx LifeEvents B B B
Education LifeEvents D*

A=dominance at that level for general cognition in MCI group (factori over factorj);
B=dominance at that level for general cognition in the non-MCI group (factori over factorj);
C=dominance at that level for emotional and behavioral dyscontrol in MCI group (factori over
factorj); D=dominance at that level for emotional and behavioral dyscontrol in the non-MCI
group (factori over factorj); *Factorj over factori for “D”
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general cognition, regardless of which number or combination of
variables were considered. Prior studies have reported a positive
association between anxiety symptoms and greater SCD among
those with and without objectively documented cognitive impair-
ment in the general population and former NFL players (Jenkins
et al., 2019; Yates et al., 2017). Although there has been some
debate as to whether SCD purely represents a manifestation of
anxiety among older adults or reflects concern about true cognitive
changes experienced by the individual, anxiety and SCD have also
been observed as independent risk factors for future cognitive
decline (i.e., onset of MCI or dementia; (Liew, 2020).
Furthermore, the co-occurrence of both anxiety and SCD together
confers twice the risk of developing MCI or dementia than either
risk factor in isolation (Liew, 2020). In combination with results
from the current study, in which the association between anxiety
and subjective ratings of cognition were comparable across MCI
and non-MCI groups, this suggests that anxiety can likely re-
present general concern about potential cognitive changes in the
absence objective changes. Additionally, anxiety could also poten-
tially reflect a reaction to experienced cognitive decline.

Fatigue was also observed as one of the strongest correlates of
SCD in both theMCI and non-MCI groups. However, fatigue was a
notably more robust factor associated with SCD (general cognition
and emotional and behavioral dyscontrol) among those without, as
compared to those with MCI. Specifically, the number and combi-
nation of factors present were more likely to change the association
between fatigue and SCD-outcomes among individuals with MCI.
Associations between fatigue and SCD, but not objective impair-
ment, have primarily been investigated in conditions outside of
neurodegenerative disease/dementia, such as multiple sclerosis
and stroke (Kinsinger et al., 2010; van Rijsbergen et al., 2019).

Studies investigating fatigue in non-clinical populations have
reported positive associations between fatigue and SCD among
those with and without objective cognitive deficits (Nelson et al.,
2021; Rasouli et al., 2019). Taken together, the presence of fatigue
among those reporting SCD likely represents a complex bidirec-
tional relationship, similar to that of SCD and anxiety, and does
not differentiate those with andwithout objective cognitive impair-
ment in former professional football players.

The current study demonstrated that the relative influence of
comorbid contributing factors on SCD-outcomes were broadly
equivalent across MCI and non-MCI groups. A slight variation
was observed between the two groups, where the influence of
depression on general cognition ratings was greater than fatigue
in the non-MCI group. Conversely, the influence of fatigue on
emotional and behavioral dyscontrol ratings was greater than anxi-
ety in the MCI group, compared to the non-MCI group. However,
factors associated with increased reporting of SCD were not well
differentiated across MCI and non-MCI groups overall (i.e., effect
sizes did not significantly differ across groups).

Education was significantly associated with SCD-outcomes in
the non-MCI group univariate models and remained significantly
associated with ratings of general cognition in the multivariable
models for the non-MCI group. Within the dominance analyses,
education did not exhibit dominance at any level (complete, condi-
tional, or general) over other SCD-associated factors in the MCI or
non-MCI groups, and there were no differences in education on
SCD-associated outcomes at the general dominance level for either
group. Taken together, these results suggests that education may
exhibit a unique influence (variance accounted for) on SCD-out-
comes within those without a diagnosis of MCI; however, it’s rel-
ative importance is lower in relation to other SCD-associated

Figure 1. Radar plot of average contributions of SCD-asso-
ciated factors of explained variance in self-report ratings of
general cognition in MCI and non-MCI groups. Numerical
scale of figure represents R2 value contribution of average
SCD-associated factor. Z-score transformations revealed that
the strength of the association (based on average contribu-
tion of variance explained via general dominance) between
each SCD-associated factor and ratings of general cognition
across MCI and non-MCI groups did not statistically differ (Z-
statistics <1.96, ps>.05).
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Table 5. Bootstrap estimates of average contribution of all comorbid contributing factors to variance explained in players’ ratings of general cognition and emotional
and behavioral dyscontrol based on dominance analysis

MCI No MCI

Group difference Z-statistic p-valueAvg. contribution SE Avg. contribution SE

General cognition
Anxiety 0.115 0.026 0.155 0.035 −0.04 −0.727 0.234
Fatigue 0.093 0.032 0.067 0.02 0.026 0.578 0.282
Depression 0.07 0.02 0.074 0.02 −0.004 −0.093 0.463
Social 0.07 0.025 0.059 0.023 0.011 0.267 0.395
Pain interference 0.032 0.009 0.035 0.014 −0.003 −0.098 0.461
Sleep disturbance 0.02 0.011 0.02 0.01 0.0 0.0 0.50
Life events 0.011 0.009 0.015 0.01 −0.004 −0.205 0.419
Concussion history 0.004 0.006 0.013 0.01 −0.009 −0.59 0.278
Education 0.007 0.007 0.026 0.019 −0.019 −0.908 0.182

Emotional and behavioral dyscontrol
Anxiety 0.097 0.013 0.096 0.013 0.001 0.021 0.492
Fatigue 0.113 0.015 0.086 0.013 0.027 0.549 0.292
Depression 0.068 0.009 0.081 0.011 −0.013 −0.297 0.383
Social 0.058 0.01 0.058 0.011 0.0 0.0 0.50
Pain interference 0.044 0.009 0.038 0.008 0.006 0.178 0.429
Sleep disturbance 0.028 0.008 0.025 0.006 0.003 0.109 0.457
Life events 0.008 0.003 0.015 0.006 −0.007 −0.385 0.35
Concussion history 0.022 0.008 0.011 0.005 0.011 0.509 0.305
Education 0.012 0.006 0.004 0.003 0.008 0.538 0.295

MCI=mild cognitive impairment; B=unstandardized beta coefficient; SE=standard error; β=standardized coefficient; social=Ability to Participate in Social Roles and Activities; Stress-Related
Events =Social Readjustment Rating Scale (SRRS), 1 unit=1 point increase on the SRRS; average contribution=average contribution of unique variance explained by the factor in the outcome
across all combinations of models (i.e., R2). Z-statistics and corresponding p-values reflect comparison of the strength of association between the average contribution of each SCD-associated
factor and the outcomes of interests between the MCI and non-MCI groups based on Fisher’s r to z transformations.
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Figure 2. Radar plot of average contributions of SCD-associ-
ated factors of explained variance in self-report ratings of
emotional and behavioral dyscontrol in MCI and non-MCI
groups (i.e., general dominance). Numerical scale of figure
represents R2 value contribution of average SCD-associated
factor. Z-score transformations revealed that the strength
of the association (based on average contribution of variance
explained via general dominance) between each SCD-associ-
ated factor and ratings of emotional and behavioral dyscon-
trol across MCI and non-MCI groups did not statistically differ
(Z-statistics <1.96, ps>.05).
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factors, particularly when different combinations of SCD-associ-
ated factors are considered.

Treatment and clinical management considerations

Given that the influence of comorbid contributing factors on sub-
jectively rated cognitive difficulties were not well differentiated
across those with and without documented cognitive impairment
in the current study, self-reported cognitive deficits may be less
reliable in detecting objective cognitive changes in the presence
of these factors. This finding suggests that a comprehensive assess-
ment involving a clinical interview and objective performanced-
based neuropsychological testing is optimal when evaluating indi-
viduals who present clinically with one or a combination of these
comorbid contributing factors. Additionally, current results indi-
cate a need to screen for the presence of several comorbid contrib-
uting variables, such as anxiety and fatigue, when individuals
present clinically with SCD, regardless of whether objective
impairment is recorded.

The clinical implication of this finding is particularly pertinent
when attempting to assess neurobehavioral changes in older for-
mer contact sport athletes. Recently developed diagnostic criteria
for traumatic encephalopathy syndrome (TES), the purported
clinical correlate of chronic traumatic encephalopathy (CTE),
requires objective cognitive impairment be confirmed via neuro-
psychological assessment (Katz et al., 2021). Results from the cur-
rent study and the fact that comorbid contributing factors are
notably prevelant among former contact sport athletes (Brett
et al., 2021; Esopenko et al., 2017; Iverson, Van Patten, et al.,
2021; Kerr et al., 2012; Schwenk et al., 2007), reinforces the assera-
tion that comprehensive evaluation involving objective perfor-
mance-based testing is necessary to assess neurobehavioral
changes within the population.

The clinical implications of the current study also underscore
the need for multifaceted intervention. Treatment for patients
who present to clinic with SCD would likely be most effective if
elements to address SCD and comorbid contributing factors were
incorporated. For example, results from the current study suggest
that cognitive-behavior therapy for improving anxiety symptoms,
if present, and concurrent cognitive rehabilitation to assist with
compensating for potential cognitive changes would likely be most
efficacious in treatment of SCD. The relative rank of comorbid
contributing factors identified in the current study suggests a hier-
archy for which comorbid contributing factors to prioritize of
multiple are present, though each patient should be treated accord-
ing to their own specific needs.

Limitations

The most notable limitation of the current study involves the self-
report nature of medical history, including MCI diagnosis.
Although the item regarding the diagnosis of MCI specifically
inquired about “physician diagnosed MCI,” inter-individual vari-
ability for establishing the diagnosis can occur across providers and
the diagnosis was not able to be corroborated with objective neuro-
psychological assessment within this survey-based study.
Additionally, the duration of the diagnosis could not be verified.
Given the fact that elevated psychological distress (i.e., depression
and anxiety) and SCD in cognitively intact individuals is a notable
risk factor for future decline, it is possible that select participants in
the non-MCI group may be experiencing objective cognitive
impairment and are either in the intermediary stage of conversion
to MCI or have not yet been formally tested/diagnosed. Relatedly,

given the correlational and cross-sectional nature of the current
study, the course of associations observed cannot be established
and future longitudinal studies are needed to determine the causal
direction of SCD-associated factors and SCD. Additionally, a select
“disconnected” subgroup of former NFL players not involved with
any of the multiple organizations or agencies through which study
solicitation occurred (paper versions sent via traditional mail,
email notifications and links to online version) could, in theory,
have not been reached. It is important to note, however, that prior
a study involving this cohort has shown that the prevalence ofMCI
within the current sample is greater than the general population
overall, and at each decade of life, decreasing the likelihood of bias
in which only healthy individuals completed the questionnaire
(Walton, Brett, et al., 2021). Finally, the current sample was not
statistically powered to effectively examine the influence of race
across multiple individual racial identity groups. Given that
differences in subjective cognitive ratings were observed across
various racial identity groups in the current study and have been
reported elsewhere (Ganbat &Wu, 2021; Jang et al., 2022; Lee et al.,
2021), future work should look to aggregate datasets in order to
fully examine the effect of race on SCD ratings within former con-
tact sport athletes, particular in relation to other SCD-associated
factors.

Conclusion

The current study indicates that anxiety and fatigue are the most
robust factors associated with SCD in former NFL football players
when considering various combinations of other SCD-related fac-
tors, regardless of the whether documented cognitive impairment
is present. Self-reported cognitive deficits may be less reliable in
detecting objective cognitive impairment in the presence of these
factors and optimal treatment of SCD likely includes amultifaceted
approach to directly address cognitive symptoms/weaknesses and
indirectly through the influential factors. Further research may
seek to identify novel factors that differentiate SCD among those
with and without objective impairment and/or investigate the asso-
ciations of these factors with advanced biomarkers of pathologi-
cal aging.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/S135561772200056X
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