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A B S T R A C T   

Background: In trauma-exposed adults, the relationship between an individual’s socioeconomic position (SEP) 
and post-traumatic stress disorder (PTSD) has been well demonstrated. One potential mechanism by which the 
stress associated with lower SEPs may impact trauma outcomes is through changes in neurocognition. In both 
healthy and clinical samples, area-level factors also appear to be independently related to neurocognition. Far 
less is known about how neighborhood socioeconomic disadvantage, may impact cognition in traumatically- 
injured adults. The current study employed hierarchical linear modeling to longitudinally investigate whether 
neighborhood disadvantage was associated with neurocognitive functioning in five domains: processing speed, 
sustained attention, controlled attention, cognitive flexibility, and response inhibition. 
Methods: One-hundred and ninety-five socioeconomically diverse traumatically-injured subjects (mean age =
32.8, 52.8% female) were recruited from an Emergency Department. Two-weeks, three-months, and six-months 
post-trauma, participants completed self-report measures and a computerized test battery to evaluate neuro
cognition. An Area Deprivation Index (ADI) score, a measure of a neighborhood’s socioeconomic disadvantage, 
was derived from each participants’ home address. 
Results: Greater neighborhood disadvantage was significantly related to lower scores in all domains. Results of 
hierarchical linear models revealed neighborhood disadvantage was significantly associated with processing 
speed, controlled attention, cognitive flexibility, and response inhibition across time, even after adjusting for 
individual annual household income, baseline PTSD symptoms, and previous adverse life experiences. This 
relationship was stable for all domains except sustained attention, which varied across time. 
Conclusion: These findings indicate neighborhood disadvantage contributes uniquely to neurocognitive func
tioning and, for the majority of domains, these contributions are stable across time. The relationship between 
area-level variables and cognitive function may underlie individual vulnerability to developing psychiatric 
disorders. Future work should continue to examine the interaction between socioenvironmental stressors and 
PTSD symptoms longitudinally.   

1. Neighborhood disadvantage is associated with stable deficits 
in neurocognitive functioning in traumatically-injured adults 

The vast majority (approximately 90%) of American adults will 
experience a traumatic event in their lifetime with nearly 10% of those 

individuals developing post-traumatic stress disorder (PTSD; Kilpatrick 
et al., 2013). Adults who experience a traumatic injury (e.g., motor 
vehicle crash, assault, fall) and are admitted to a Level-1 trauma center 
are at heightened risk of developing PTSD (deRoon-Cassini et al., 2010). 
While a number of effective, empirically-based interventions exist, 
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studies show that those with chronic PTSD seek treatment 7 to11 years 
post-trauma and symptom onset (Lobban and Murphy, 2019; Zoellner 
et al., 2003), resulting in years of distress and functional impairment. 
Promising work has suggested intervention delivered in the early 
aftermath of trauma may be particularly effective, potentially staving off 
the onset of symptoms altogether, which highlights a need to identify 
individuals at heightened risk acutely post-trauma (Birur et al., 2017). 
Research seeking to identify markers of risk and resilience after a trauma 
is challenging but several robust predictors of PTSD have emerged (e.g., 
Ben-Zion et al., 2019; Shalev et al., 2019). Individual socioeconomic 
position (SEP), whether measured by education or income, significantly 
predicts PTSD symptoms in adult trauma-survivors (Herrara-Escobar 
et al., 2019; Shalev et al., 2019); still, even the well-documented factors 
that contribute to PTSD (e.g., age, gender, SEP) do not entirely explain 
the considerable heterogeneity of the clinical presentation (deR
oon-Cassini et al., 2010; Galatzer-Levy and Bryant, 2013). 

An individual’s mental health outcomes can be impacted by intra
personal characteristics, interpersonal relationships, organizational and 
community structures, as well as legal policies at both the state and 
federal level (McLeroy et al., 1988; Robinson, 2008; Stokols, 1996). 
Social and physical contexts defined by community and governing 
structures may lead to sustained stress and contribute risk of poor 
trauma outcomes (McLeroy et al., 1988; Robinson, 2008; Stokols, 1996). 
Living in a socioeconomically disadvantaged neighborhood increases 
the likelihood of experiencing chronic life stressors, such as less access to 
reliable transportation, healthy foods, and educational or employment 
opportunities (Farah, 2017; Haley et al., 2017; Krukowski et al., 2010; 
McEwen, 2004; McEwen, 2012; Xiao et al., 2018). Adults and adoles
cents residing in more advantaged neighborhoods report fewer mental 
and physical health symptoms and better post-trauma outcomes 
compared to residents of more disadvantaged neighborhoods (Ahern 
and Galea, 2006; Diez Roux and Mair, 2010; Hill et al., 2005; Pabayo 
et al., 2017; Ross and Mirowsky, 2008; Schuck and Spatz Widom 
(2019)). 

In general – though not exclusively – individuals in lower SEPs also 
live in areas that are categorized as socioeconomically disadvantaged 
(Hill et al., 2005; Kind and Buckingham, 2018; Ross and Mirowsky, 
2008). The effects observed between mental health and an individual’s 
neighborhood cannot be entirely explained by individual-level variables 
(Kind and Buckingham, 2018; Ross and Mirowsky, 2008). In other 
words, the impact of neighborhood poverty on PTSD is not merely 
synonymous with the impact of individual poverty on PTSD (Ross and 
Mirowsky, 2008). Rather, the stress of both individual and neighbor
hood socioeconomic positions can independently and concurrently get 
“under the skin” and impact trauma outcomes. 

2. Individual and neighborhood socioeconomic circumstances 
get “under the skin” 

Although the inclusion of contextual factors appears to help capture 
differences in psychopathology development after a trauma (Gapen 
et al., 2011; Heid et al., 2017; Smith and Patton, 2016), the various 
neurobiological mechanisms by which lower individual and neighbor
hood SEP may impact mental health are still being ascertained. A 
well-substantiated hypothesis theorizes living in a poorer neighborhood 
and/or being in a lower SEP is detrimental to mental health because the 
circumstances are associated with sustained stress as well as exposure to 
environmental risk factors (Farah, 2017; Harnett, 2020; Parnia and 
Siddiqi, 2020; Vliegenthart et al., 2016). Indeed, the chronic stress 
related to low SEP alters numerous biological processes (Farah, 2017; 
Juster et al., 2010). The allostatic load theory proposes individuals in a 
lower SEP encounter greater adversity, which ultimately results in 
persistent and heightened neuroendocrine and neural responding 
(McEwen, 2004; Selye, 1956). This theory is bolstered by work on the 
hypothalamic-pituitary-adrenal axis (HPA axis), one of the body’s pri
mary stress response pathways, responsible for regulating 

neurohormones such as cortisol (Juster et al., 2010; Stephens and Wand, 
2012). One potential neurobiological pathway by which lower SEP and 
neighborhood disadvantage may influence PTSD development is 
through changes in neurocognition: aberrations in HPA axis function (e. 
g., increased cortisol reactivity) are associated with impairments or di
minishments in nearly all neurocognitive domains (Hackman et al., 
2012; Isaksson et al., 2012; Mance et al., 2019). 

3. PTSD, neurocognition, and neighborhood disadvantage 

Neurocognitive functioning underlies critical everyday behaviors 
(Last et al., 2018). Although neuropsychological test batteries may 
employ different tasks to evaluate an individual’s neurocognitive profile 
(Evans et al., 2013), several key domains emerge: (1) attention, cate
gorized as either sustained (engaging with stimuli or a task for a pro
longed period of time; Rosenberg et al., 2016) or controlled (deliberately 
focusing on a stimulus or mental representation; Namazi and Thordar
dottir, 2010), (2) cognitive flexibility, operationally defined as one’s 
ability to adapt to a new task or use new strategies/problem-solving 
techniques (Buttelmann and Karbach, 2017), (3) information process
ing speed (Bowling and Mackenzie, 1996), and (4) response inhibition, 
or withholding an automatic response to complete a goal-directed 
behavior (Verbruggen and Logan, 2008). 

These domains, in addition to language and sensorimotor cognitive 
functions, harmoniously affect an individual’s thinking and emotions. 
Deficits in these areas are consistently observed in many neurological 
and psychiatric illnesses, including PTSD (Aupperle et al., 2012; Ben-
Zion et al., 2018; 2019; Samuelson et al., 2020; Tomlinson et al., 2020). 
Prospective longitudinal and retrospective cross-sectional studies have 
found functional impairments are predictive of (Ben-Zion et al., 2018; 
2019; Samuelson et al., 2020), and associated with PTSD (Aupperle 
et al., 2012). Poorer cognitive flexibility, response inhibition, and sus
tained attention pre-trauma predicts future PTSD symptoms (Ben-Zion 
et al., 2018; 2019; Samuelson et al., 2020). Differences in neuro
cognition that predate the trauma can aggravate PTSD symptoms and 
may even potentially hinder treatment effectiveness (Aupperle et al., 
2012). Neurocognition is also significantly altered by both individual 
and contextual factors; however, the majority of research on neuro
cognition and PTSD has not considered neighborhood variables in an
alyses (c.f., Tomlinson et al., 2020). 

Previous work has chronicled the impact of individual SEP on neu
rocognitive domains (Fiocco et al., 2007; Lupien et al., 2007). In fact, 
neurocognitive assessments (both computerized and written) normalize 
their scores using education of the general population because neuro
cognition and SEP are related (Silverstein et al., 2007; Ursache and 
Noble, 2016). Normalized neurocognitive scores, in conjunction with 
other diagnostic measures and self-report questionnaires, are useful in 
predicting post-trauma outcomes such as concussions (Lau et al., 2011), 
depression (Williams and Latkin, 2007), and PTSD (Ben-Zion et al., 
2018; Samuelson et al., 2020). Individual factors do not sufficiently 
explain differences in neurocognition in the same manner that these 
factors do not fully explain development of PTSD (Farah, 2017; Harnett, 
2020). The chronic stress of neighborhood socioeconomic disadvantage 
may impact neurocognition (Farah, 2017) beyond variance captured by 
individual SEP. 

Indeed, recent work has shown a significant association between 
neurocognition and neighborhood disadvantage in healthy adolescents 
and adults as well as clinical populations (Aughinbaugh, 2014; Besser, 
2017; Gapen et al., 2011; Lang et al., 2008; Lee and Waite, 2018; Lei 
et al., 2019; Moore et al., 2016; Muñoz et al., 2020; Sharkey and Elwert, 
2011; Wight et al., 2006; Wu et al., 2015). A number of studies have 
demonstrated that neighborhood factors independently contribute to 
neurocognition over and above individual SEP (e.g., Besser, 2017; 
Moore et al., 2016; Muñoz et al., 2020; Sharkey and Elwert, 2011). For 
example, Moore et al. (2016) demonstrated higher neighborhood SEP 
was a significant predictor, and in fact a better predictor than education, 
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race, or age, of better neurocognitive performance in all domains (Moore 
et al., 2016). In a large sample of healthy adults, subjective neighbor
hood stress (e.g., feeling as though your neighborhood is unsafe) was 
significantly related to poorer memory and executive functioning 
(Muñoz et al., 2020). For older adults cognitive ability is significantly 
affected by neighborhood context (Besser, 2017; Lee and Waite, 2018; 
Lei et al., 2019; Wu et al., 2015). Notably, the effect of neighborhood 
poverty on cognition extends through generations, with measurable 
impairments of neurocognition observed over two generations (Sharkey 
and Elwert, 2011). 

Research on the impact of neighborhood factors on neurocognitive 
domains is critical, especially if normalized scores of neurocognitive 
assessments are to be utilized as predictors of PTSD development. As 
aforementioned, alterations in neurocognitive performance are associ
ated with PTSD, individual SEP, and neighborhood disadvantage (e.g., 
Routledge et al., 2017; Samuelson et al., 2020); still, it is unclear how the 
relationship between neurocognition and multiple levels of SEP, indi
vidual and neighborhood, are in turn related to PTSD risk and chro
nicity. Neighborhood disadvantage may inherently alter an individual’s 
neurocognitive functioning independent of PTSD symptoms and thereby 
alter the trajectory of the psychological disorder. Investigations of dif
ferences in cognitive functioning may inform experiments on underlying 
neurobiological mechanisms and yield improved community and indi
vidual preventative interventions. 

4. The current study 

In a sample of traumatically-injured adults, we explored the rela
tionship between neighborhood disadvantage and neurocognitive 
functioning longitudinally. Given the increased interest in documenting 
socioenvironmental factors which impact trauma outcomes (Maercker 
and Horn, 2012) determining whether neighborhood disadvantage 
uniquely impacts cognitive function is critical. The majority of research 
on contextual-level variables seeks to evaluate whether those factors 
explain any variability in neurocognitive functioning over and above 
individual-level variables (Ross and Mirowsky, 2008). Therefore, the 
primary aim assessed whether neighborhood disadvantage, as measured 
by the Area Deprivation Index (ADI; Hu et al., 2018; Knighton et al., 
2016; Singh, 2003), was significantly associated with neurocognitive 
domain scores over and above individual annual household income, 
adverse life experiences, and PTSD symptoms. Based on previous studies 
(Farah, 2017; Hackman et al., 2012; Hackman and Farah, 2009; Noble 
et al., 2012), we hypothesized ADI would be significantly associated 
with lower scores in all of the domains evaluated at three timepoints, 
including sustained attention, controlled attention, cognitive flexibility, 
inhibition, and processing speed. We also anticipated baseline PTSD 
symptoms would be significantly associated with impairments across the 
domains (Ben-Zion et al., 2018; 2019; Samuelson et al., 2020). The 
secondary aim was to examine whether the relationship between 
neighborhood disadvantage and each neurocognitive domain was stable 
across time. We tested whether there was an effect of time on the rela
tionship between ADI and domain scores and hypothesized there would 
be a stable effect of ADI. 

5. Methods 

Participants. Between 2016 and 2020, 232 participants were 
recruited from an Emergency Department (ED) in southeastern Wis
consin as part of the Imaging Study on Trauma & Resilience (iSTAR). 
Participants were eligible if they were English-speaking, between 18 and 
60 years of age, and able to schedule a research visit within 30 days of 
the traumatic injury. Subjects must have experienced a traumatic event 
which met Criterion A of a PTSD diagnosis (as defined in the DSM-5; 
American Psychological Association, 2013) and scored a minimum of 
a three on the Predicting PTSD Questionnaire (Rothbaum et al., 2014; 
indicative of increased risk of developing PTSD) or endorsed that the 

event was a near-death experience. Notably, this procedure oversampled 
individuals at risk of PTSD. Participants were excluded if they scored 13 
or lower on the Glasgow Coma Scale (Sternbach, 2000; Teasdale et al., 
2014), had a spinal cord injury with neurological deficits, or were 
diagnosed with any neurological condition affecting brain structure or 
function. Additional exclusion criteria included: a self-inflicted trau
matic injury, severe vision or hearing impairments, history of psychotic 
or manic symptoms, current antipsychotic medication use, obvious 
substance abuse, or on a police hold to be released to jail. 

Procedure. Participants were screened in the ED or contacted via 
telephone after discharge. Individuals provided written informed con
sent prior to participating in research activities. Two-weeks (i.e., T1), 
three-months (i.e. T2) and six-months (i.e., T3) post-injury subjects 
completed self-report measures and neurocognitive assessments (sample 
characteristics for participants included in the analysis are presented in 
Table 1). All subjects were financially compensated for their time. The 
study’s protocol was approved by the Medical College of Wisconsin 
Institutional Review Board. 

Measures. Dependent Variables: Neurocognitive Assessments. The 
WebNeuro test battery is a conventional, validated, online assessment of 
various neurocognitive domains (Mathersul et al., 2009; Silverstein 
et al., 2007; Williams et al., 2005). The following is a brief description of 
each of the tasks used in each domain (Brain Resource. BRISC and 
WebNeuro Assessment Manual, Brain Resource Ltd., V1.7; 2010.; 
Mathersul et al., 2009; Williams et al., 2010): 

Processing Speed: A choice reaction time task was presented in which 
participants were asked to select whether a specific stimulus (e.g., red 
circle) was on the left or right side of the screen. 

Sustained Attention: Participants completed a continuous perfor
mance test (also known as an n-back task). Four letters (B, C, D, or G) 

Table 1 
Baseline sample characteristics of traumatically-injured individuals.  

Characteristics Percent (%) Mean SD 

Age (years)  32.81 10.82 
Sex 
Female 52.8   
Race and Ethnicity 
African American and/or Black 58.8   
White and/or Caucasian 26.3   
More than one race 7.7   
Other racial identity <5   
Hispanic/Latinx 9.4   
Non-Hispanic/Latinx 90.6   
Race Unknown/Not reported 5.7   
Education 
High school/GED or below 44.6   
Some post-secondary education/college 26.2   
Associate degree 12.8   
Bachelor’s degree or beyond 16.4   
Annual Household Income 
$0–10,000 20.5   
$10–20,000 15.4   
$20–30,000 16.9   
$30–40,000 7.7   
$40–50,000 8.7   
$50–60,000 6.7   
$60–70,000 6.7   
$70–80,000 6.2   
$80–90,000 <5   
$90–100,000 <5   
$100,000 or higher 5.6   
Area Deprivation Index  68.76 21.80 
Mechanism of Injury 
Motor Vehicle Crash 67.2   
Assault/altercation/Domestic Violence 14.9   
Other 17.9   
T1 PTSD Symptoms (PCL-5)  27.09 18.02 
Life Events Checklist (Weighted Total)  30.79 16.63 

Note. N = 195. T1, Timepoint 1 (two-weeks post-injury), PCL-5, PTSD Checklist for 
DSM-5. 
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were presented randomly every 2.5 s. Subjects were instructed to 
respond if the same stimuli was presented twice in a row. 

Controlled Attention: Subjects completed a Stroop task (Stroop, 1935). 
Names of color (e.g., “Blue”) were presented in a color that matched (e. 
g., “Blue” displayed in blue font color) or mismatched (e.g., “Blue” 
displayed in red font color) and participants answered whether the pair 
was congruent or incongruent. First, participants were asked to attend to 
the meaning of the word and ignore the font color and then they were 
required to disregard the meaning of the word, and attend to the font 
color. 

Cognitive Flexibility: Participants completed a trail-making task 
(Reitan, 1992) in which they were required to alternate between 
numbers and letters and select responses in ascending sequential order 
(e.g., 1-A). 

Response Inhibition: A go/no-go task was presented. Participants were 
asked to respond as quickly as possible when a red word was presented 
and inhibit the response when the word was presented in a green font 
color. 

WebNeuro domain summary scores are provided by the battery’s 
automated algorithms (Gordon et al., 2013; Burger et al., 2014; Math
ersul et al., 2009; Silverstein et al., 2007; Williams et al., 2005; Williams 
et al., 2010). The outputted scores are provided as normalized scores. 
Gender, age, and educational level, are used to normalize each domain 
score to the WebNeuro normative sample of 1000 participants (Gordon 
et al., 2013; Mathersul et al., 2009; Williams et al., 2010); thus, these 
variables are accounted for in the final z-scores output (dependent 
variable) for each participant. Although education is inherently related 
to the z-score through the normalization procedure, there was still sig
nificant variability in education associated with all of the domain scores 
(Table 2). We have included analyses that also include education as a 
covariate in the Supplemental Material. 

Covariates: Individual Factors. Annual household income was pro
vided on a semi-continuous scale (1–11) where 1 reflected a $0–10,000 
income bracket and 11 represented an income of $100,000 and above. 
Education was also reported on a semi-continuous scale and reflected 
the number of educational years completed. For example, a score of 12 
reflected a high school diploma or equivalency. Participants provided 
contact information, including their home addresses. 

To assess acute posttraumatic stress symptoms at T1, the PTSD 
Checklist was administered (PCL-5; Weathers et al., 2018). This 
well-validated self-report measure required participants to indicate how 
much specific symptoms (related to PTSD symptom clusters described in 
DSM-5) bothered them. Twenty items were presented, and participants 
responded using a Likert scale, with higher scores indicating greater 
symptom severity. In our sample, the PCL-5 had excellent internal 
consistency (Cronbach’s alpha = 0.95; Cronbach, 1951; Lance et al., 
2006). At T1, the 17-item Life Events Checklist (LEC) was also admin
istered (Gray et al., 2004). The measure screens for life-time exposure to 
potentially stressful or traumatic events. Participants are asked to 
endorse whether the event (e.g., a natural disaster) was directly expe
rienced, witnessed, or learned about. A newly developed weighted total 
score was created in which higher scores were indicative of a closer 
proximity to the event (items experienced were weighted the heaviest; 
Weis et al., under review). The maximum weighted score was 102 (Weis 
et al., under review). This weighted score has high reliability in this 
sample (Cronbach’s alpha = 0.87; Weis et al., under review). 

Independent Variable: Neighborhood Disadvantage. An Area Depriva
tion Index (ADI) Score, a validated measure of neighborhood socioeco
nomic disadvantage, was calculated for each participant (Hu et al., 
2018; Kind et al., 2014; Kind and Buckingham, 2018; Singh, 2003). The 
2015 ADI scores were derived from variables measured in the 
2011–2015 American Community Survey (ACS; part of the United States 
Government Census) and publicly available online: https://www.neigh 
borhoodatlas.medicine.wisc.edu/(accessed February 2020). One 
factor-based index score (Kind et al., 2014; Singh, 2003) is calculated for 
each individual block-group units, which include between 600 and 3000 Ta
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people (US Census Bureau, 2020. Retrieved from: https://www.census. 
gov/programs-surveys/geography/about/glossary.html). The block- 
group factor-based index represents 17 variables from the US Census 
including measurements of poverty, education, housing, and employ
ment (Kind et al., 2014). National ADI rankings ranged from 1 to 100 
(higher scores indicating more disadvantage). 

Data Preparation. Participants were excluded if they designated a 
post office box as their primary residence, lived outside of Wisconsin, or 
if their address was not associated with a block-group ID. The initial 
address provided by the participant was geocoded and participants were 
included regardless of residential stability. A total of 224 participant’s 
addresses were successfully geocoded. The distribution of ADI rankings 
for all participants in this study is presented in Fig. 1. The distributions 
of ADI by participant gender and racial identity are displayed in Figs. 2 
and 3, respectively. Of the participants with ADI scores, four did not 
complete self-report or demographic data at T1. One-hundred and 
ninety-five subjects started (i.e., opened the program and completed at 
least one domain) T1 WebNeuro assessments. Sample characteristics for 
these participants can be found in Table 1. The selected analysis 
approach permits some missing data, therefore, no subjects were 
excluded for missing neurocognitive scores. 

Prior to conducting analyses, we centered the time variable at T1, 
allowing the intercept to indicate average scores at the initial study visit. 
National ADI scores, annual household income, weighted life events 
scores, and PCL-5 total scores, were treated as continuous variables and 
were grand-mean centered. 

Analysis Strategy. Hierarchical linear modeling (HLM) was used to 
investigate the relationship between neighborhood socioeconomic 
disadvantage and neurocognitive domains following trauma exposure. 
HLM offers several advantages over traditional longitudinal analysis 
methods (e.g., repeated measures ANOVA); this type of modeling allows 
for missing data (Gallop and Tasca, 2009; Pickett, 2001) and provides 
estimates for individual subject variation across time (Lininger et al., 
2015). 

All models were fitted using Maximum Likelihood estimation and an 
unstructured covariance structure in the R package “lmerTest” (provides 
p-values, in addition to the confidence intervals provided in the “lme4” 
package) using R Version 3.5.3 (R Core Team, 2020). An unconditional 
model (i.e., “null model”) was fit and intraclass correlation coefficients 
(ICC), were calculated using the “icc” function in the “sjstats” package. 
ICCs provided an index of how much variability was attributed to in
dividual differences. A low ICC (<0.20) suggests people are similar 
across time while a moderate to high ICC suggests there is considerable 
within-subject variability. 

Prior to analyzing study variables, we tested whether there was 
significant variability in the slopes for time by comparing a model 
treating slopes as a fixed factor (reduced model) to a model treating 
slopes as a random factor (full model). Our results suggest that there is 
no significant variability in time slopes for predicting processing speed 
(χ2(1) = 1.88, p = .391), response inhibition (χ2(1) = 0.27, p = .872), 
and cognitive flexibility (χ2(1) = 0.16, p = .923). Including time as both 
a random and fixed variable in a model predicting controlled attention 
resulted in a singular fit. Therefore, in an attempt to create the most 
parsimonious model and avoid overfitting models, all subsequent 
models with these outcome variables included time as fixed variable 
(Matuschek et al., 2017). However, in predicting sustained attention, the 
inclusion of time as a random factor significantly improved the model 
(χ2(1) = 6.81, p = .033), suggesting there was a significant effect of time 
on individual slopes and it should be included in the model. 

We conducted five separate analyses and examined the relationship 
between our study variables and each neurocognitive domain inde
pendently. For each domain analysis, the following models were 

Fig. 1. Distribution of area deprivation index rankings (mean = 68.76, stan
dard deviation = 21.80). 

Fig. 2. Distribution of area deprivation index rankings by gender (Male mean 
= 69.24, standard deviation = 22.31, N = 93; female M = 68.32, SD = 21.42, N 
= 102). 

Fig. 3. Distribution of Area Deprivation Index Rankings by Racial Identity 
(White and/or Caucasian Participants Mean = 51.24, Standard Deviation =
22.94, N = 51; Black and/or African American Participants M = 77.39, SD =
16.00, N = 114). Note: ADIs of participants identifying as another reported racial 
and ethnic group were excluded due to small sample sizes. 
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conducted: prior to examining study variables an Unconditional Model, 
(in which all predictors were excluded) was conducted. A Level 1 Model 
was then assessed, which added a time variable to examine if neuro
cognitive scores changed over time without considering level 2 factors 
(i.e., ADI, baseline PTSD, weighted life event scores, and annual 
household income). In Model 1, we examined how income, weighted life 
events checklist scores, and baseline PCL-5 scores explained individual 
differences in changes of neurocognitive functioning across time (fixed 
variable for processing speed, response inhibition, and cognitive flexi
bility and a random variable in the models for sustained and controlled 
attention). In Model 2, national ADI scores were added. We conducted a 
model comparison to determine whether neighborhood socioeconomic 
disadvantage contributed to neurocognitive functioning over and above 
the other covariates. Finally, in Model 3 we included the cross-level 
interaction term ADI x Time as a predictor and compared this model 
to Model 2. We hypothesized there would be a non-significant interac
tion between these variables, indicating the relationship between ADI 
and the neurocognitive domain was stable across time. 

Marginal R2 (proportion of variance explained by fixed factors) and 
Conditional R2 (proportion of variance explained by all factors) were 
calculated for every model whereas effect sizes (Cohen’s D calculated 
using “lme.dscore”; Cohen, 1962), were derived for variables in the final 
significant model (which varied by neurocognitive domain). All 

assumptions for HLM were sufficiently met and all statistical tests were 
two-tailed and an alpha of .05 was considered significant. To control for 
multiple comparisons, we applied the Benjamini-Hochberg False Dis
covery Rate (Benjamini and Hochberg, 2000); however, the results 
remained unchanged, therefore we have reported uncorrected p-values. 

6. Results 

Study Sample. Of the 195 participants who completed the T1 
assessment, not all completed T2 and T3. At T2, 29 participants did not 
complete the study visit (T2 N = 166). Thirteen of the participants who 
did not complete T2 did return for the T3 appointment. Twenty-two 
participants were absent from the T3 visit (T3 N = 173). Independent 
samples t-tests were conducted to assess potential differences between 
the participants who completed all study visits and those who missed 
one or both follow-up assessments. Individuals who did not complete all 
assessments had significantly lower household income (N = 35; M =
3.34, SD = 2.78) compared to those who attended all visits, (N = 160; M 
= 4.50, SD = 3.05; t(193) = 2.07, p = .040. In addition, these individuals 
were significantly younger (N = 35; M = 27.62, SD = 7.8) compared to 
participants who returned for all follow-up visits (N = 160; M = 33.94, 
SD = 11.07; t(193) = 3.21, p = .002). Regarding the outcome variables, 
those who did not return for one, or both study visits, significantly 

Fig. 4. Violin plots of mean normalized 
neurocognitive z-scores across time. Black 
dots represent outliers. [A] Processing Speed 
(Mean T1 (two-weeks post-trauma) =

− 0.046, SD = 0.834, N = 186; M T2 (three- 
months post-trauma) = 0.026, SD = 0.775, 
N = 159; M T3 (six-months post-trauma) =
0.032, SD = 0.900, N = 166), [B] Controlled 
Attention (M T1 = − 0.378, SD = 0.739, N =
194; M T2 = − 0.719, SD = 0.900, N = 166; 
M T3 = − 0.719, SD = .895, N = 173), [C] 
Response Inhibition (M T1 = − 0.493, SD =
0.757, N = 193; M T2 = − 0.463, SD =
0.703, N = 161; M T3 = − 0.562, SD =
0.734, N = 168, [D] Sustained Attention (M 
T1 = − 0.592, SD = 0.716, N = 191; M T2 =
− 0.509, SD = 0.746, N = 160; M T3 =
− 0.489, SD = 0.802, N = 167), [E] Cogni
tive Flexibility (M T1 = − 0.727, SD = 0.909, 
N = 195; M T2 = − 0.382, SD = 0.946, N =
165; M T3 = − 0.500, SD = 0.884, N = 173).   
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differed on the baseline controlled attention z-scores (N = 35; M = -.63, 
SD = .73) compared to the participants who did not drop-out during any 
time (N = 159; M = -.32, SD = .73; t(192) = 2.23, p = .027). Neuro
cognitive scores across time are displayed in Fig. 4 and bivariate re
lationships (Pearson’s and Point Bi-serial Correlations) between study 
variables are presented in Table 2. 

7. Processing Speed 

Results of the unconditional model indicated approximately 42% 
(ICC = 0.42) of the variation in processing speed could be accounted for 
by the individual differences between participants. 

Processing Speed Scores are Stable Across Study Visits. A Level 1 model 
with only time showed that the average processing speed z-score for an 
individual at T1 was − 0.05. Across study visits, processing speed scores 
were not predicted to significantly change (B = 0.04; t(335) = 1.13, p =
.261). 

Processing Speed was Impacted by ADI and Income. A model compari
son revealed the addition of national ADI scores (Model 2) to a model 
with time (fixed effect only), income, baseline PCL-5, weighted life 
events checklist scores (Model 1), significantly improved the model 
predicting processing speed (χ2(1) = 14.93, p < .001); however, the 
addition of a Time x ADI cross-level interaction term did not signifi
cantly improve model fit (χ2(1) = 3.6, p = .011; Model 3), therefore this 
term was dropped. 

The standardized and unstandardized coefficients, 95% confidence 
intervals, and p-values are provided in Table 3. For an individual with 
average weighted life events checklist, PCL-5, and ADI scores, every 
$10,000 increase in income was associated with a 0.04 increase in 
processing speed z-score at baseline (unstandardized coefficient B =
0.04; t(184) = 2.17, p = .030, unstandardized 95% Confidence Interval: 
CI[0.003, 0.070], Cohen’s d = 0.32). As the average participants’ ADI 
score increased by one, processing speed at baseline decreased by − 0.01 
(B = − 0.01; t(189) = − 3.24, p = .001, CI[-0.012, − 0.002], d = − 0.47). 
There was not a significant effect of time (B = 0.04; t(339) = 1.06, p =
.268, CI[-0.030, 0.106], d = 0.12), weighted life events checklist (B <
0.010 t(188) = 0.49, p = .621, CI[-0.004, 0.007], d = 0.07), or baseline 
PTSD symptoms (B < − 0.01; t(182) = − 0.62, p = .534, CI[-0.006, 
− 0.004], d = − 0.09) on processing speed. 

8. Controlled Attention 

The unconditional model indicated approximately 49% (ICC = 0.49) 
of the variation in controlled attention could be accounted for by the 
individual differences between participants. 

Controlled Attention Scores Significantly Changed Across Study Visits. 

The addition of time as a fixed variable (Level 1 Model) yielded a 
significantly better fit than the unconditional model, χ2(1) = 47.72, p <
.001. The average controlled attention z-score for an individual at T1 
was − 0.04. From one study time-point the next, controlled attention 
significantly decreased by − 0.22 (B = − 0.22; t(297) = − 7.07, p < .001. 

Controlled Attention was Impacted by Time, ADI, and Income. Including 
national ADI scores in a model with time (fixed effect only), income, 
baseline PCL-5, and weighted life events checklist scores, significantly 
improved model fit compared to the unconditional model predicting 
controlled attention (χ2(1) = 10.22, p = .001). The addition of a Time x 
ADI cross-level term significantly improved model fit (χ2(1) = 5.44, p =
.019), therefore this term was included in the final model. 

Results of the final model is displayed in Table 4. For every one unit 
in time, an individual’s controlled attention score decreased by − 0.22 
(B = − 0.22; t(317) = − 7.24, p < .001, CI[-0.28, − 0.16], d = -.77). For 
the average individual every $10,000 increase in income was signifi
cantly associated with a 0.05 increase in controlled attention z-score at 
baseline (B = 0.05; t(196) = 3.13, p = .002, CI[0.016, 0.086], d = 0.44). 
The impact of ADI on controlled attention approached significance (B =
− 0.01; t(219) = − 1.96, p = .080, CI[-0.010, <0.001], d = − 0.19). There 
was not a significant effect of weighted life events checklist (B = 0.002; t 
(194) = 0.84, p = .400, CI[-0.003, 0.010], d = 0.12) or PCL-5 scores (B 
= 0.005; t(192) = 1.81, p = .072, CI[>-0.001, − 0.010], d = 0.26). There 
was a significant effect of ADI scores on the relationship between time 
and controlled attention (ADI x Time: B = − 0.003; t(316) = − 2.29, p =
.020, CI[-0.006, >-0.001], d = − 0.25). 

9. Sustained Attention 

Results of the unconditional model revealed approximately 42% 
(ICC = 0.42) of the variation in sustained attention could be accounted 
for by the individual differences between participants. 

Sustained Attention Scores are Stable Across Study Visits. The addition 
of time as a random and fixed variable (Level 1 Model) yielded a 
significantly better fit than the unconditional model, χ2(1) = 9.37, p =
.025. The average sustained attention z-score for an individual at T1 was 
− 0.60. Sustained attention scores did not significantly change across 
study visits (B = − 0.05; t(342) = 1.60, p = .110). 

Sustained Attention was Impacted by Income and ADI. The addition of 
national ADI scores to a model with time (fixed and random effect), 
income, baseline PCL-5, and weighted life events checklist scores, 
significantly improved the model predicting sustained attention, χ2(1) 
= 11.85, p < 0.001. The addition of a Time x ADI cross-level term did not 
significantly improve model fit (χ2(1) = 3.55, p = .070), therefore this 
term was dropped. The final model is presented in Table 5. There was 
non-significant effect of time on sustained attention scores (B = 0.05; t 

Table 3 
Parameter estimates for different HLM models associated with processing speed.   

Model 1 Model 2 

Predictor B ß CI(95%) std. CI p-value B ß CI(95%) std. CI p-value 

Intercept − 0.06 − 0.01 − 0.17, 0.06 − 0.12, 0.10 0.329 − 0.05 − 0.01 − 0.16, 0.06 − 0.12, 0.10 0.329 
Time 0.04 0.04 − 0.03, 0.11 − 0.03, 0.10 0.271 0.04 0.04 − 0.03, 0.11 − 0.03, 0.10 0.268 
Income 0.06 0.23 0.03, 0.09 0.12, 0.34 <0.001 0.04 0.13 0.00, 0.07 0.01, 0.26 0.030 
LEC 0.00 0.04 − 0.00, 0.01 − 0.07, 0.15 0.480 0.00 0.03 − 0.00, 0.01 − 0.08, 0.14 0.621 
PCL-5 − 0.00 − 0.03 − 0.01, 0.00 − 0.14, 0.09 0.648 − 0.00 − 0.04 − 0.01, 0.00 − 0.15, 0.08 0.534 
ADI      ¡0.01 ¡0.20 ¡0.01, -0.00 ¡0.32, -0.08 0.001 
Random Effects 
σ2 0.41 0.41 
τ00 0.26 Subject 0.24 Subject 

ICC 0.39 0.37 
N 193 Subject 193 Subject 

Observations 513 513 
Marginal R2/Conditional R2 0.056/0.424 0.086/0.424 

Note: ADI: Area Deprivation Index, PCL-5: PTSD Checklist for DSM-5, LEC: weighted Life Events Checklist, B: unstandardized coefficient, ß: standardized coefficient, 
CI: confidence interval, ICC: intraclass correlation coefficient; τ00: between-individual variance, σ2: within-individual variance. 
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(179) = − 1.46, p = .144, CI[-0.020, 0.112], d = .22). For an participant 
with average weighted life events checklist, PCL-5, and ADI scores, 
every $10,000 increase in income was significantly associated with a 
0.05 increase in sustained attention z-score at baseline (B = 0.05; t(187) 
= 3.47, p < .001, CI[0.022, 0.079], d = .51). The impact of ADI on 
sustained attention was also significant (B = − 0.01; t(190) = − 3.53, p =
.001, CI[-0.011, − 0.003], d = -.51); however, there was not a significant 
effect of weighted life events checklist (B = 0.002; t(186) = 0.83, p =
.404, CI[-0.003, 0.007], d = .12) or PCL-5 scores (B < − 0.01; t(183) =
− 0.02, p = .988, CI[-0.004, 0.004], d < -.01). 

10. Response Inhibition 

Results of the unconditional model indicated approximately 63% 
(ICC = 0.63) of the variation in response inhibition could be accounted 
for by the individual differences between participants. 

Response Inhibition Scores were Stable Across Study Visits. In a model 
with only time (Level 1 Model), the average response inhibition z-score 
for an individual at T1 was − 0.49; however, these scores did not 
significantly change across time (B = − 0.04; t(342) = 1.60, p = .116). 

Response Inhibition was Impacted by Income, ADI, and Lifetime Trauma 
Exposure. The addition of national ADI scores to a model with time (fixed 
effect only), income, baseline PCL-5, and weighted life events checklist 
scores, significantly improved the model predicting response inhibition 
(χ2(1) = 24.61, p < .001). The addition of a Time x ADI cross-level term 
did not significantly improve model fit (χ2(1) = 3.03, p = .080), there
fore this term was excluded. In the final model (presented in Table 6) 
there was non-significant effect of time on response inhibition scores (B 
= − 0.04; t(344) = − 1.69, p = .096, CI[-0.090, 0.006], d = − 0.18). In
come was significantly associated with a 0.03 increase in response in
hibition at baseline (B = 0.03; t(194) = 2.17, p = .030, CI[0.003, 0.062], 
d = .31) whereas greater neighborhood disadvantage was significantly 
associated with a -.01 decrease (B = − 0.01; t(197) = − 5.13, p < .001, CI 
[-0.015, − 0.007], d = -.73). A one unit increase in weighted life events 
checklist significantly predicted an 0.01 increase in response inhibition 
(B = 0.01; t(193) = 3.31, p = .001, CI[0.003, 0.013], d = .48). There was 
no significant impact of baseline PTSD symptoms on response inhibition 
(B < 0.01; t(190) = 0.02, p = .986, CI[-0.004, 0.004], d < 0.01). 

11. Cognitive Flexibility 

Approximately 73% (ICC = 0.73) of the variation in cognitive flex
ibility could be accounted for by the individual differences between 
participants (unconditional model). 

Cognitive Flexibility Scores Changed Across Study Visits. A model with 
only time (fixed variable; Level 1 Model) revealed that the average 
cognitive flexibility z-score for an individual at T1 was − 0.67 and scores 
were expected to significantly increase across time (B = 0.10; t(347) =
3.99, p < .001). 

Cognitive Flexibility was Impacted by Income, ADI, and PTSD Symptoms. 
Including ADI scores to a model with time (fixed effect only), income, 
baseline PCL-5, and weighted life events checklist scores, significantly 
improved model fit (χ2(1) = 13.78, p < .001). The addition of Time x 
ADI did not significantly improve the model (χ2(1) = 0.05, p = .820), 
therefore the interaction term was dropped from the final model 
(Table 7). There was a significant effect of time on cognitive flexibility 
scores (B = .010; t(348) = 3.96, p < .001, CI[0.049, 0.147], d = 0.42). 
Income (B = 0.05; t(194) = 2.65, p = .008, CI[0.014, 0.094], d = 0.38) 
and baseline PCL-5 scores (B = 0.01; t(192) = 2.12, p = .034, CI[<0.001, 
0.010], d = 0.31) were significantly associated with an increase in 
cognitive flexibility at baseline. ADI was significantly associated with a 
-.01 decrease in cognitive flexibility (B = 0.01; t(196) = − 3.77, p < .001, 
CI[-0.016, − 0.005], d = − 0.54). There was no significant impact of 
weighted life events checklist scores on cognitive flexibility (B < 0.01; t 
(193) = 0.96, p = .336, CI[-0.060, 0.181], d = .14). 
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12. Discussion 

The current study adds to the growing body of work suggesting living 
in a socioeconomically-disadvantaged neighborhood is associated with 
impairments in neurocognition (e.g., Moore et al., 2016; Muñoz et al., 

2020). In a group of traumatically-injured socioeconomically diverse 
adults, we explored the relationship between ADI and five neuro
cognitive domains. At the bivariate level (Table 2), living in a more 
advantaged neighborhoods was associated with more efficient infor
mation processing speed, greater sustained and controlled attention, and 

Table 5 
Parameter estimates for different HLM models associated with sustained attention.   

Model 1 Model 2 

Predictor B ß CI(95%) std. CI p-value B ß CI(95%) std. CI p-value 

Intercept ¡0.60 ¡0.01 ¡0.69, -0.50 ¡0.12, 0.09 <0.001 ¡0.60 ¡0.01 ¡0.69, -0.51 ¡0.11, 0.09 <0.001 
Time 0.05 0.05 − 0.02, 0.11 − 0.02, 0.12 0.158 0.05 0.05 − 0.02, 0.11 − 0.02, 0.12 0.144 
Income 0.07 0.30 0.05, 0.10 0.19, 0.40 <0.001 0.05 0.20 0.02, 0.08 0.09, 0.32 0.001 
LEC 0.00 0.06 − 0.00, 0.01 − 0.05, 0.16 0.315 0.00 0.04 − 0.00, 0.01 − 0.06, 0.15 0.404 
PCL-5 0.00 0.01 − 0.00, 0.00 − 0.10, 0.11 0.922 − 0.00 − 0.00 − 0.00, 0.00 − 0.11, 0.11 0.988 
ADI      ¡0.01 ¡0.20 ¡0.01, -0.00 ¡0.32, -0.09 <0.001 
Random Effects 
σ2 0.28 0.28 
τ00 0.19 Subject 0.18 Subject 

τ11 0.05 Subject_Time 0.05 Subject_Time 

ρ01 − 0.16 Subject − 0.24 Subject 

ICC 0.46 0.43 
N 194 Subject 194 Subject 

Observations 520 520 
Marginal R2/Conditional R2 0.094/0.509 0.127/0.506 

Note: ADI: Area Deprivation Index, PCL-5: PTSD Checklist for DSM-5, LEC: weighted Life Events Checklist, B: unstandardized coefficient, ß: standardized coefficient, 
CI: confidence interval, ICC: intraclass correlation coefficient, τ00: between-individual variance, σ2: within-individual variance, τ11: time-by-subject variance in 
slopes, ρ01: Correlation between random slope and intercept. 

Table 6 
Parameter estimates for different HLM models associated with response inhibition.   

Model 1 Model 2 

Predictor B ß CI(95%) std. CI p-value B ß CI(95%) std. CI p-value 
Intercept ¡0.49 ¡0.01 ¡0.58, -0.39 ¡0.12, 0.10 <0.001 ¡0.49 ¡0.01 ¡0.58, -0.40 ¡0.12, 0.09 <0.001 
Time − 0.04 − 0.05 − 0.09, 0.01 − 0.10, 0.01 0.090 − 0.04 − 0.05 − 0.09, 0.01 − 0.10, 0.01 0.096 
Income 0.07 0.28 0.04, 0.10 0.17, 0.40 <0.001 0.03 0.13 0.00, 0.06 0.01, 0.26 0.030 
LEC 0.01 0.21 0.00, 0.01 0.09, 0.32 0.001 0.01 0.19 0.00, 0.01 0.08, 0.30 0.001 
PCL-5 0.00 0.01 − 0.00, 0.01 − 0.11, 0.13 0.830 0.00 0.00 − 0.00, 0.00 − 0.11, 0.11 0.986 
ADI      ¡0.01 ¡0.31 ¡0.01, -0.01 ¡0.43, -0.19 <0.001 
Random Effects 
σ2 0.20 0.20 
τ00 0.27 Subject 0.23 Subject 

ICC 0.58 0.54 
N 195 Subject 195 Subject 

Observations 524 524 
Marginal R2/Conditional R2 0.121/0.630 0.198/0.629 

Note: ADI: Area Deprivation Index, PCL-5: PTSD Checklist for DSM-5, LEC: weighted Life Events Checklist, B: unstandardized coefficient, ß: standardized coefficient, 
CI: confidence interval, ICC: intraclass correlation coefficient; τ00: between-individual variance, σ2: within-individual variance. 

Table 7 
Parameter estimates for different HLM models associated with cognitive flexibility.   

Model 1 Model 2 

Predictor B ß CI(95%) std. CI p-value B ß CI(95%) std. CI p-value 

Intercept ¡0.67 ¡0.01 ¡0.79, -0.55 ¡0.13, 0.11 <0.001 ¡0.67 ¡0.02 ¡0.78, -0.55 ¡0.13, 0.10 <0.001 
Time 0.10 0.09 0.05, 0.15 0.04, 0.13 <0.001 0.10 0.09 0.05, 0.15 0.04, 0.13 <0.001 
Income 0.09 0.29 0.05, 0.13 0.17, 0.41 <0.001 0.05 0.18 0.01, 0.09 0.05, 0.31 0.008 
LEC 0.00 0.07 − 0.00, 0.01 − 0.05, 0.20 0.245 0.00 0.06 − 0.00, 0.01 − 0.06, 0.18 0.336 
PCL-5 0.01 0.14 0.00, 0.01 0.01, 0.27 0.028 0.01 0.13 0.00, 0.01 0.01, 0.25 0.034 
ADI      ¡0.01 ¡0.25 ¡0.02, -0.01 ¡0.38, -0.12 <0.001 
Random Effects 
σ2 0.22 0.22 
τ00 0.53 Subject 0.49 Subject 

ICC 0.71 0.69 
N 195 Subject 195 Subject 

Observations 535 535 
Marginal R2/Conditional R2 0.117/0.741 0.166/0.741 

Note: ADI: Area Deprivation Index, PCL-5: PTSD Checklist for DSM-5, LEC: weighted Life Events Checklist, B: unstandardized coefficient, ß: standardized coefficient, 
CI: confidence interval, ICC: intraclass correlation coefficient; τ00: between-individual variance, σ2: within-individual variance. 
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better cognitive flexibility and response inhibition at two-weeks, 
three-months, and six-months post-injury. These initial correlations 
provided little information as to whether neighborhood disadvantage 
contributes to neurocognitive functioning over and above other relevant 
individual variables. Using additional hierarchical linear modeling an
alyses we observed stable deficits in cognitive domains uniquely 
attributable to neighborhood disadvantage across the three time-points 
following trauma exposure. 

Notably, for all neurocognitive domains, the addition of ADI signif
icantly improved the models’ fit, indicating that neighborhood disad
vantage is robustly and uniquely linked to neurocognition. Our findings 
support conceptualizing neurocognition within the multi-level socio- 
ecological model and suggest variables at various levels must be criti
cally assessed when considering mental health outcomes (Maercker and 
Horn, 2012). The implementation of a longitudinal design allowed our 
results to reflect stable impairments associated with neighborhood 
disadvantage in processing speed, sustained attention, response inhibi
tion, and cognitive flexibility. Interestingly, the relationship between 
ADI and controlled attention was significantly moderated by the passing 
of time. For individuals living in more disadvantaged neighborhoods, 
there was a negative relationship between post-injury study visits and 
controlled attention scores. 

Living in a socioeconomically disadvantaged neighborhood is a 
unique form of chronic stress (Diez Roux and Mair, 2010; Farah, 2017; 
Hu et al., 2018; Hunt et al., 2020; Kind and Buckingham, 2018; Ross and 
Mirowsky, 2008). Cognitive flexibility facilitates an individual’s adap
tion to a new situation or task (Whiting et al., 2017). More broadly, it 
promotes the ability to change actions and thoughts in response to new 
environments or stimuli (Whiting et al., 2017). Both acute and chronic 
stress have been linked to less cognitive flexibility in animal models and 
humans (Goldfarb et al., 2017; Jett et al., 2017; Kalia and Knauft, 2020). 
Surprisingly, we did not replicate work demonstrating cognitive flexi
bility is associated with PTSD symptoms (c.f. Ben-Zion et al., 2019; 
Samuelson et al., 2020; Whiting et al., 2017). In fact, in our sample, 
higher baseline PTSD symptoms were related to significantly better 
cognitive flexibility. More research is necessary to determine the lon
gitudinal relationship between cognitive flexibility and PTSD symptoms, 
particularly as there is little known about relations between PTSD and 
neurocognition in the acute post-trauma window. 

Reduced response inhibition was also significantly associated with 
ADI. Impaired inhibitory control is observed in individuals diagnosed 
with major depressive disorder (Eugene, Cooney, Atlas, 2010) and PTSD 
(Van Rooji, Geuze, Kennis, Radenmaker and Vink, 2015), with previous 
work suggesting preexisting deficits in inhibition may bestow suscepti
bility for PTSD development (Aupperle, Melrose, Stein and Paulus, 
2012). Although a more extensive investigation is necessary, studies 
with children have suggested that there is a substantial relationship 
between neighborhood poverty and inhibitory control (Tomlinson et al., 
2020). Response inhibition can also be impacted by neighborhood crime 
(Gudiño, 2013). Chronic exposure to violence, a separable component 
from neighborhood disadvantage that is not incorporated in the ADI, 
may be associated with heightened reactivity and impair the ability to 
inhibit automatic responses (Gudiño, 2013). To date, there have been 
few studies that have specifically examined how exposure to community 
violence (both objectively and subjectively measured) and neighbor
hood socioeconomic disadvantage impact any of the neurocognitive 
domains in adults, traumatically-injured or otherwise. 

In the United States, individuals identifying as a racial or ethnic 
minority disproportionately live in disadvantaged neighborhoods 
(Houston et al., 2004; Pager and Shepherd, 2008). Our research design 
assessing whether neighborhood disadvantage explained variation in 
neurocognition over and above individual SEP was correlational - rather 
than casual or comparative - in nature. We did not group individuals by 
race, gender, or SEP. While our full sample had sufficient variability in 
ADI to address the research question, it also reflected this reality, and 
therefore stratifying participants by race was impractical. In our sample, 

as in other studies (e.g., Kind et al., 2014), the participants with higher 
ADI scores were more likely to be Black individuals whereas White 
participants were more apt to live in advantaged neighborhoods. Prac
tices such as redlining (i.e., the denial of services such as mortgages 
based on onerous terms, namely an individual’s race or ethnicity) have 
facilitated residential racial segregation in the United States (Squires 
and Woodruff, 2019), thereby confounding neighborhood disadvantage 
and race and ethnicity, especially in southeastern Wisconsin (Squires & 
O‟;Connor, 2001). 

We did not directly assess the effects of race and ethnicity on neu
rocognition nor the interaction between race and ethnicity and ADI. 
Race-corrected norms are commonly used in clinical assessments due to 
significant racial and ethnic differences observed in neurocognitive 
function (Rivera Mindt et al., 2010). These group differences reflect 
profound measurement biases; the majority of neuropsychological test 
batteries were developed for White people in middle/upper SEP and 
were not validated in diverse samples (Manly and Echemendia, 2007; 
Pedraza and Mungas, 2008). The observed differences across racial and 
ethnic groups (social constructs) are not explained by underlying bio
logical factors, but rather reflect other critical variables (e.g., quality of 
education, discrimination) or poor construct validity across different 
cultural groups (Krieger, 2005; Manly and Echemendia, 2007; Smedley 
and Smedley, 2005). As such, the differences observed in neurocognitive 
functioning between groups of people may be indicative of test biases 
and/or societal inequities. Research on addressing this consequential 
issue has proposed methods to minimize assessment bias, such as the use 
of race- and ethnic-specific norms, and validating measures in samples 
that are not only non-Hispanic White individuals (Pedraza and Mungas, 
2008; Rivera Mindt et al., 2010). Studies focusing on biases in assess
ments is critically important to the field and has vast implications on the 
interpretation of neurocognitive performance. 

Despite this racial inequality in neighborhood advantage, in large 
samples neighborhood SEP has explained variability in neurocognition 
over and above race and ethnicity (Moore et al., 2016). Given the sub
stantial, and confounding, overlap between race and ethnicity and ADI 
in our sample, we did not investigate this question. Although we cannot 
conclude or interpret how the social construct of race may be impacting 
our results, we have illustrated the importance of assessing 
contextual-factors. Moving forward, research would benefit from 
examining large datasets with considerable variability in individual- and 
contextual-level variables to make more meaningful conclusions about 
the complex interplay of race, individual SEP, neighborhood advantage, 
and neurocognition. Moreover, research that values intersectionality 
(Cho et al., 2013; Crenshaw, 1991) will better inform the development 
of interventions, both at the community- and individual-level. 

Although this longitudinal study had several advantages, such as the 
inclusion of important individual-level variables, including the LEC, 
several limitations did exist. The neurocognitive test battery was 
delivered shortly after participants experienced a trauma. Even though 
we statistically controlled for relevant variables, including acute PTSD 
symptoms, we did not capture a true symptom baseline. While we also 
excluded participants who experienced a serious injury to their spinal 
cord and/or head, the effect of experiencing a traumatic injury (e.g., 
mild traumatic brain injury (mTBI), medication), irrespective of PTSD 
symptoms was not taken into account. However, if mTBI were impacting 
neurocognition, we would expect to see improvements across timepoints 
(Karr et al., 2014). Depressive symptoms, as well as physical health 
status (Stillman et al., 2016) also impact neurocognition (Gualtieri et al., 
2006) and are often highly correlated with PTSD (Breslau, 2002), 
therefore future work should attempt to disentangle the role depression 
may play in the association between socioeconomic position, (individual 
and neighborhood) and neurocognition. 

This study was conducted with adult participants, and we did not 
collect information on childhood SEP, a factor that likely impacts adult 
SEP and shapes neurocognition in adulthood (Luo and Waite, 2005). We 
demonstrated that adult individual SEP, or as operationalized in this 
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study, annual household income (and education, refer to Supplemental 
Material), was significantly associated with ADI. We opted to include 
participants regardless of their residential stability. Future work should 
proactively seek additional information regarding participant’s resi
dential stability, which has been found to improve trauma-outcomes 
(Ford, 2008), including how long they have resided at their current 
address. The fact that individuals in lower SEP live in more socioeco
nomically disadvantaged neighborhoods and are more likely to identify 
as racially or ethnically minoritized creates confounds that need to be 
considered both theoretically and statistically. As discussed above, 
racial and ethnic identity may influence neurocognitive test perfor
mance due to assessment biases (Rivera Mindt et al., 2010). 

Our results suggest that neighborhood SEP should be considered 
when conducting post-trauma neurocognitive assessments with partic
ipants or developing a patient’s neurobehavioral profile. In 
traumatically-injured adults, ADI significantly explains variability in 
neurocognitive domains, independent of factors traditionally assessed 
(e.g. income, adverse life experiences; Shalev et al., 2019). Where a 
patient or participant lives may be impacting their behavior and their 
post-trauma recovery in manners not yet fully understood. Previous 
efforts to predict risk and resilience of PTSD development may have 
been partly limited because they overemphasized the individual and 
underemphasized the environment. Uncovering the impact of neigh
borhoods, and more broadly society, on neurocognition may prove 
pivotal in improving trauma outcomes. 
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