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Background

• This work fulfills a specific need to understand the influence of 
environmental and SES factors in addition to individual level 
factors on long-term recovery from TBI

• Prior research limited to individual level factors
• Project uses neighborhood-level characteristics from US. Census 

data to broadly contextualize variation in long-term functional 
outcomes among people post TBI



Objective

• Parallel, cross-sectional analysis using the TBIMS NDB to 
compare models using individual and neighborhood level SES on 
TBI functional outcomes, with the goal of identifying the most 
parsimonious model to analyze SES impact

• Compare modeling diagnostics (R^2, AIC, BIC) using the NSDI 
continuous variable and Neighborhood: Individual NSDI residual 
variable



Sample

• Enrolled in TBIMS NDB aged 16 y/o or older at the time of injury 
with msTBI

• Outcomes collected at 2-, 5-, or 10- years post follow up
• Data from participants’ most recent follow-up for which there is 

valid census tract information and completed individual level data



Exposures

• (1) Individual-level SES variables
• Household income
• Years of education
• Unemployment status at follow up



Exposures
• (2) TBIMS-NSDI 

Composite Variable
• American Community 

Survey (ACS) data from 
the Integrated Public 
Use Microdata Series 
(IPUMS) website linked 
to TBIMS census tracts 
derived from participant 
addresses

• PCA to develop 
composite score using 
eight variables from ACS



Exposures
• (3) Neighborhood: Individual NSDI residual group

• Ordinary Least Squares (OLS) linear regression model with NSDI 
as the outcome as a function of the individual SES predictors: 
household income, education, and unemployment status

• Calculated residuals (difference between the observed and 
predicted values of the NSDI at 2-, 5-, and 1-year follow up time 
points

• Categorized into five qualitative subgroups



Outcomes

Continuous outcomes 
• Participation Assessment with Recombined Tools – Objective 

(PART-O) Rasch
• Disability Rating Scale
• Functional Independence Measure
• Satisfaction with Life Survey



Analytic Plan

• Multiple linear regression models to compare modeling 
diagnostics (R^2, AIC, BIC)

• No SES variables on outcomes (base model)
• Individual-level SES variables on outcomes
• NSDI on outcomes
• Neighborhood:Individual NSDI residuals on outcomes
• NSDI + individual-level SES on outcomes



Sample

• 19,319 subjects enrolled in the TBIMS study between October 1988 and June 
2022

• 6,759 Form II follow-ups had an NSDI variable assigned at 2, 5, or 10 years. 
• After restricting to only the most recent follow-up for each participant with an 

NSDI variable, the dataset contained 4,927 participants. 

Follow Up Period N (%)
2-year follow-up 1,459 (29.6%) 
5-year follow-up 1,755 (35.6%) 
10-year follow-up 1,713 (34.8%) 



Table 1. Summary of 
demographic and pre-
injury characteristics 
(n=4,927)



Table 2. Summary of 
exposure variables



Table 3. Summary of 
Outcomes



Table 4. PART_RaschF Outcome (n=3,506)





Type III SS analysis testing for interaction of 
NSDI and HHIncome on PART-O Rasch 
Outcome



Figure 2. 
Interaction of 
NSDI and Annual 
HH Income on 
PART-O Rasch 
estimates and CI



Table 4. PART_RaschF Outcome (n=3,506)



Table 5. DRS Outcome



Table 6. FIM Outcome



Table 7. Satisfaction with Life Survey (5-item)



Preliminary thoughts

• Interaction model is more relevant depending on the construct
• Won’t necessarily hurt other outcomes

• Shouldn’t consider individual alone or neighborhood alone
• NSDI continuous + individual factors generally performed better 

than the neighborhood:Individual residual groups



To Do’s

• Re-categorize education to less than HS, HS-less than BA, BA or 
higher (mid group as reference)

• Include PTA transformation in the models adjusted for covariates
• Change outcomes to 3 different constructs available in 

continuous format:
• Participation (Keep PART-O Rasch)
• Functional Independence (Keep DRS or FIM)
• Subjective Well Being (Keep SWLS, change to 4-item)
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