
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ibij20

Brain Injury

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/ibij20

Health and cognition among adults with and
without Traumatic Brain Injury: A matched
case–control study

Raj G. Kumar, Jessica M. Ketchum, Flora M. Hammond, Thomas A. Novack,
Therese M. O’Neil-Pirozzi, Marc A. Silva & Kristen Dams-O’Connor

To cite this article: Raj G. Kumar, Jessica M. Ketchum, Flora M. Hammond, Thomas A. Novack,
Therese M. O’Neil-Pirozzi, Marc A. Silva & Kristen Dams-O’Connor (2022) Health and cognition
among adults with and without Traumatic Brain Injury: A matched case–control study, Brain
Injury, 36:3, 415-423, DOI: 10.1080/02699052.2022.2034190

To link to this article:  https://doi.org/10.1080/02699052.2022.2034190

View supplementary material 

Published online: 10 Feb 2022.

Submit your article to this journal 

Article views: 502

View related articles 

View Crossmark data

Citing articles: 1 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=ibij20
https://www.tandfonline.com/journals/ibij20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/02699052.2022.2034190
https://doi.org/10.1080/02699052.2022.2034190
https://www.tandfonline.com/doi/suppl/10.1080/02699052.2022.2034190
https://www.tandfonline.com/doi/suppl/10.1080/02699052.2022.2034190
https://www.tandfonline.com/action/authorSubmission?journalCode=ibij20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=ibij20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/02699052.2022.2034190?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/02699052.2022.2034190?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/02699052.2022.2034190&domain=pdf&date_stamp=10 Feb 2022
http://crossmark.crossref.org/dialog/?doi=10.1080/02699052.2022.2034190&domain=pdf&date_stamp=10 Feb 2022
https://www.tandfonline.com/doi/citedby/10.1080/02699052.2022.2034190?src=pdf
https://www.tandfonline.com/doi/citedby/10.1080/02699052.2022.2034190?src=pdf


Health and cognition among adults with and without Traumatic Brain Injury: 
A matched case–control study
Raj G. Kumara, Jessica M. Ketchumb,c, Flora M. Hammond d,e, Thomas A. Novack f, Therese M. O’Neil-Pirozzig,h, 
Marc A. Silva i,j,k,l, and Kristen Dams-O’Connora,m

aDepartment of Rehabilitation and Human Performance, Icahn School of Medicine at Mount Sinai, New York; bResearch Department, Craig Hospital, 
Englewood; cTraumatic Brain Injury Model Systems National Data and Statistical Center, Craig Hospital, Englewood; dDepartment of Physical Medicine 
and Rehabilitation, Indiana University School of Medicine, Indianapolis; eRehabilitation Hospital of Indiana,Indianapolis; fDepartment of Physical 
Medicine and Rehabilitation, University of Alabama at Birmingham, Birmingham; gDepartment of Physical Medicine and Rehabilitation, Spaulding 
Rehabilitation Hospital, Boston; hDepartment of Communication Sciences and Disorders, Northeastern University, Boston; iMental Health and 
Behavioral Sciences Service, James A. Haley Veterans’ Hospital, Tampa; jDepartment of Psychiatry and Behavioral Neurosciences, University of South 
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ABSTRACT
Objectives: To evaluate associations between traumatic brain injury (TBI) and presence of health condi-
tions, and to compare associations of health and cognition between TBI cases and controls.
Methods: This matched case–control study used data from the TBI Model Systems National Database (TBI 
cases) and Midlife in the United States II and Refresher studies (controls).  248 TBI cases were age-, sex-, 
race-, and education-matched without replacement to three controls. Cases and controls were compared 
on prevalence of 18 self-reported conditions, self-rated health, composite scores from the Brief Test of 
Adult Cognition by Telephone.
Results: The following conditions were significantly more prevalent among TBI cases versus controls: 
anxiety/depression (OR = 3.12, 95% CI: 2.20, 4.43, p < .001), chronic sleeping problems (OR = 2.76, 95% CI: 
1.86, 4.10, p < .001), headache/migraine (OR = 2.61, 95% CI: 1.50, 4.54, p = .0007), and stroke (OR = 6.42, 
95% CI: 2.93, 14.10, p < .001). The relationship between self-rated health and cognition significantly varied 
by TBI (pinteraction = 0.002).
Conclusion: Individuals with TBI have greater odds of selected neurobehavioral conditions compared to 
their demographically similar uninjured peers. Among persons with TBI there was a stronger association 
between poorer self-rated health and cognition than controls. TBI is increasingly conceptualized as 
a chronic disease; current findings suggest post-TBI health management requires cognitive supports.

ARTICLE HISTORY 
Received 18 October 2021 
Revised V  
Accepted 23 January 2022 

KEYWORDS 
Brain injuries; traumatic; 
cognition; health; disease

Introduction

Traumatic brain injury (TBI) affects over 3.5 million indi-
viduals annually in the United States (1) and can result in 
longstanding physical, cognitive, and behavioral impair-
ments (2,3). Once considered a discrete event with finite 
recovery, TBI is now widely considered a chronic condition 
that evolves over time, causing and/or accelerating the 
progression of secondary health conditions and often 
requiring lifelong management (4,5). Support for the con-
ceptualization of TBI as a chronic health problem comes 
from a number of observational cohort studies assessing 
incidence and prevalence of particular health conditions 
following TBI, such as sleep disorders (6), post-traumatic 
epilepsy (7,8), hypopituitarism (9,10), and depression 
(11,12). Though lacking in direct comparisons, these TBI 
cohort studies have observed a high burden of certain 
medical and psychiatric diseases that seemingly exceed 
documented rates in the general population.

Some studies evaluating risk for dementia following TBI 
have directly compared unadjusted rates of various health 
conditions between individuals with and without TBI (13– 
18). These studies provide converging evidence that indivi-
duals with TBI have higher crude rates of disease compared 
to those without TBI. In these studies, individual health con-
ditions are included in primary analyses insofar as they may 
potentially confound TBI-dementia associations. Limited data 
exists, however, concerning the prevalence of specific health 
conditions between comparable individuals with and without 
TBI. A matched comparison would limit potential confound-
ing to understand if individuals with TBI have an elevated 
disease burden relative to their similar counterparts in the 
general population.

Multiple mechanisms may underlie elevated disease burden 
after TBI, including chronic systemic inflammation (19), neu-
roendocrine disturbance (9), and altered metabolism (20). TBI- 
related cognitive impairment likely has particularly important 
implications for overall post-TBI health. A range of health 
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maintenance and promotion behaviors (e.g., scheduling/keep-
ing medical appointments, planning healthy meals, taking 
medications as prescribed, minimizing substance use and 
other potentially deleterious health behaviors) are supported 
by neurological processes that are often selectively and chroni-
cally impaired following TBI.3 Impaired cognition can also 
underlie and exacerbate other common consequences of TBI, 
such as mood disturbance and behavioral disinhibition. To our 
knowledge, the association between cognitive functioning and 
health after TBI compared to the general population has not 
been previously investigated.

Advancing our understanding of health burden and its 
associations with cognition among individuals with and with-
out TBI requires direct comparison of harmonized data 
between TBI cases and uninjured controls. The primary objec-
tive of the present matched case–control study was to deter-
mine which health conditions were more prevalent in persons 
who are one-year post moderate-to-severe TBI compared to 
population-based matched controls. The secondary objective 
was to investigate whether associations between health and 
cognition varied by TBI. We hypothesized that cases with 
TBI would have greater health burden compared to matched 
controls, and the relationship between poor health and lower 
cognition would be stronger among TBI cases versus matched 
controls.

Methods

TBI participants

We enrolled and followed cases from nine inpatient rehabilita-
tion centers that are part of the TBI Model Systems National 
Database (TBIMS NDB), a prospective, multicenter longitudi-
nal cohort study funded by the National Institute on Disability, 
Independent Living, and Rehabilitation Research. We selected 
TBI cases enrolled in the TBIMS NDB from 2012 to 2017. 
TBIMS NDB inclusion criteria required eligible individuals to 
sustain a moderate-to-severe TBI, defined by one of the follow-
ing: Glasgow Coma Scale score <13 on emergency department 
admission, loss of consciousness >30 min, post-traumatic 
amnesia >24 hours, or traumatic-related intracranial pathology 
on computed tomography neuroimaging. Individuals also had 
to be age 16+ at the time of injury, receive acute medical care 
within 72 hours of injury at a TBIMS-affiliated trauma center, 
and inpatient rehabilitation at a designated TBIMS facility.

Control participants

Data from control subjects were collected through the Midlife 
Development in the United States (MIDUS) study, a nationally 
representative population survey investigating the association of 
behavioral, psychological, and social factors with age-related 
variations in health and well-being (21,22). Eligible MIDUS 
participants were non-institutionalized, English-speaking 
adults, living in the continental United States who are contacted 
through random digit dialing (21,22). For the present study, we 

pooled information for individuals with available health and 
cognitive data from two waves of MIDUS participants, the 
MIDUS II and Refresher cohorts. MIDUS II is a longitudinal 
follow-up and expansion of the original parent study, and the 
MIDUS Refresher study expanded enrollment of young and 
middle-aged adults to facilitate comparisons with other studies 
of mid- and later-life health. MIDUS II participants were 
enrolled from 2004 to 2006, and MIDUS Refresher participants 
were enrolled from 2011 to 2016. We excluded controls who 
answered “yes” to the MIDUS structured interview question, 
“Do you have history of serious head injury?” (n = 231). The 
total control sample pool eligible to be matched included 5,776 
individuals (MIDUS II: n = 3,600; MIDUS Refresher: n = 2,176).

Measures

Cognitive data

We used the Brief Test of Adult Cognition by Telephone 
(BTACT) to measure cognitive function, having previously 
established its feasibility and utility in a TBI population (23). 
BTACT subtests are telephone adaptations of widely used 
neuropsychological tests and were selected to encompass 
a wide range of cognitive domains (24). BTACT subtests 
include: Rey Auditory Verbal Learning Test (RAVLT) immedi-
ate and delayed recall (25), Digits Backward (26), Category 
Fluency (27), Number Reasoning (28), and Backward 
Counting Task (28). We documented completion codes for 
all tests, including designating when a TBI participant was 
unable to complete a test due to severe cognitive deficits.

Health

We measured current health through questions on self-rated 
overall health and presence of selected health conditions. For 
self-rated overall health, cases and controls were asked a single 
question, “Compared to other people your age, how would you 
rate your overall health?” There were five possible answers: 
excellent, good, average, fair, and poor. This single question on 
self-rated health has been demonstrated in a meta-analysis as 
a strong predictor of mortality risk (29). For presence of indivi-
dual health conditions, we asked participants, “In the past 
12 months, have you experienced or been treated for any of the 
following?” We queried the same list of 18 health conditions in 
cases and controls. Crucially, these conditions could have been 
preexisting or new-onset conditions after TBI; therefore, we 
reported prevalence (not incidence) for each health condition.

Procedure

Data from the TBI cohort were collected via telephone one- 
year post-injury. We followed standard BTACT administration 
procedures as described in detail elsewhere (23). We designed 
TBIMS health questionnaires to exactly mirror the MIDUS 
study, thereby facilitating item-level data harmonization and 
direct comparisons between studies.
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Participant consent and institutional review board 
approval

All TBI cases (or next-of-kin proxies) and controls consented 
for participation in this research. The institutional review 
board at each participating TBIMS NDB center approved the 
study. The IRB at the University of Wisconsin-Madison 
approved the MIDUS data collection study protocol.

Data availability

We obtained TBIMS NDB data used for this study through an 
internal request from the TBIMS National Data and Statistical 
Center (https://www.tbindsc.org/). We used publicly available 
MIDUS data in the current study (http://www.midus.wisc.edu/ 
data/index.php).

Statistical analysis

BTACT scoring
We calculated standardized scores for each participant using 
pooled BTACT data from the MIDUS II and Refresher studies 
(30). These standardized scores reflect each participant’s cog-
nitive ability relative to that of similar persons (based on by 
decade of age, sex, and education (< vs. ≥ bachelor’s degree) in 
the general population. Further details regarding these meth-
ods are provided elsewhere (30). For TBI cases unable to 
complete a neuropsychological subtest due to severity of their 
cognitive deficits, we assigned a score of zero (i.e., the lower 
bound) for that subtest, consistent with established methods 
(31). Completion codes for cognitive capacity were not avail-
able in the MIDUS study. The primary measure of cognitive 
performance, the BTACT cognitive composite score, was an 
average of six standardized subtests. We z-standardized cogni-
tive composite scores, and higher scores represented more 
favorable cognitive performance.

To adjust for potential confounding by demographic factors, 
we matched each case to three controls without replacement 
based on age (± 5 years), sex, race (black, white, other), and 
education (< vs. ≥ bachelor’s degree). Individual matching in 
a 1:3 ratio in a matched case–control study was done to remove 
potential confounding due to matching variables, and has been 
widely used in the matched case–control literature for increasing 
power to detect effects beyond a 1:1 case-to-control ratio (32–37). 
We specifically chose a 1:3 matching ratio because empirical 
evidence suggests a plateau of power and efficiency when match-
ing greater than three controls to each case (38). Of note, the age 
range for the MIDUS study was 23–84, and age range of the 
TBIMS study was 16–92. For TBI cases who were outside the 
age range of MIDUS study (e.g. 16–22 or 85–92), we assigned an 
age of 23 and 84 for matching purposes, respectively, to increase 
likelihood of matching cases to three controls at the age extremes. 
All primary analyses were further adjusted for chronological age 
to adjust for any residual confounding by age between matched 
cases and controls.

For TBI-health condition associations, we used conditional 
logistic regression to calculate matched pairs ORs. We then 
evaluated whether the association between health and cognition 
varied by TBI case status. Specifically, we tested the interaction 

between TBI and self-rated overall health on cognitive composite 
scores using a linear mixed-effects model, and considered the 
matched pair set as a random effect. We treated self-rated health 
as a categorical variable (five categories, ranging from excellent 
to poor). We reported between and within group pairwise dif-
ferences in BTACT composite scores by TBI and self-rated 
health (considering “average” self-rated health as a reference). 
We then tested the interaction between TBI and each individual 
health condition on cognitive composite scores using a linear 
mixed-effects model that considered the matched pair set as 
a random effect. To adjust for multiple statistical comparisons 
involving 18 individual conditions, we performed a Bonferroni 
correction by dividing a 5% α-threshold by 18 (α = 0.0028), 
which was used as the statistical threshold in this study.

Sensitivity analysis

Per study inclusion criteria, TBI cases were required to be seen 
by health-care providers in the last 12 months. We cannot 
assume the same for controls in the MIDUS study; therefore, 
we conducted a sensitivity analysis restricting controls to include 
only those who reported ≥1 to the MIDUS question, “How many 
times you saw a doctor in the past 12 months about your physical 
health?” Using the restricted sample, we re-calculated prevalence 
of health conditions in the matched control sample.

Results

We summarized demographic characteristics of the study sam-
ple in Table 1. After matching, the cases and controls were 
balanced on age, sex, race, and education. We provided the 
flow diagram of participants for the analytic cohort in Figure 1. 
We removed 116 TBI cases with missing health information. 
Of the remaining 363 TBI cases, we matched 248 cases to three 
controls without replacement on age (± 5 years), sex, race 
(black, white, other), and education (< vs. ≥ bachelor’s degree).

Prevalence of health conditions in TBI vs. control sample

We calculated the prevalence rates and 95% confidence intervals 
of health conditions in the TBI case and matched controls in 
Table 1. We reported the results of the conditional logistic 
regression models comparing odds of health conditions in TBI 
cases and matched controls (Table 2). After Bonferroni correc-
tion, the following health conditions were significantly positively 
associated with TBI: anxiety/depression/other emotional disor-
der (OR = 3.12, 95% CI: 2.20–4.43, p < .001), chronic sleeping 
problems (OR = 2.76, 95% CI: 1.86, 4.10, p < .001), and stroke 
(OR = 6.42, 95% CI: 2.93–14.10, p < .001). There were no health 
conditions with significant negative associations with TBI (e.g., 
conditions more common in controls than TBI cases).

Health and cognition associations

To test whether TBI and cognition associations vary by self-rated 
health, we ran a linear mixed effects model with matched pair set 
as a random effect. We presented between and within group 
pairwise differences in BTACT scores by TBI and self-rated 
health in Table 3. There was evidence of a significant interaction 
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between self-rated health and TBI (pinteraction = 0.002), thus the 
relationship between self-rated health and cognition significantly 
varied between TBI and controls. In general, cases with TBI had 
lower cognitive scores than controls, and the between-group 
differences were larger for those with poorer self-rated health. 
Within both the TBI group (p < .001) and no TBI control groups 

(p = .002) there was a significant relationship between self-rated 
health and cognition, such that lower ratings of self-rated health 
were associated with lower cognitive scores. However, when we 
inspected pairwise comparisons for self-rated health within each 
group, it highlighted that the trend between self-rated health and 
cognition was more pronounced among TBI cases relative to 
controls. For example, cases with TBI reporting “poor” self-rated 
health had 1.54 lower mean BTACT scores compared to cases 
with TBI reporting “average” self-rated health. In contrast, con-
trols reporting “poor” self-rated health had 0.38 lower mean 
BTACT scores compared to controls reporting “average” self- 

Table 1. Demographic and health characteristics of cases and matched controls.

Variable
TBI cases 
(N = 248)

No TBI 
controls 

(N = 744)

Matched Demographic Characteristics
Age€, Mean (SD) 55.7 (17.2) 55.9 (15.9)
Sex, Men (%) 166 (66.9%) 498 (66.9%)
Race, n (%) 

White 
Black 
Other

180 (72.6%) 
29 (11.7%) 
39 (15.7%)

540 (72.6%) 
87 (11.7%) 

117 (15.7%)

Education, n (%) 
<BA 
≥BA

157 (63.3%) 
91 (36.7%)

471 (63.3%) 
273 (36.7%)

Health Characteristics
Self-rated Health, n (%) 

Excellent 
Good 
Average 
Fair 
Poor 

Health Conditions, prevalence rate (95% CI)

31 (12.7%) 
108 (44.3%) 
41 (16.8%) 
38 (15.6%) 
26 (10.7%)

123 (16.7%) 
337 (45.7%) 
182 (24.7%) 
80 (10.9%) 
15 (2.0%)

Asthma, Bronchitis, or Emphysema 9.0% (5.4– 
12.6%)

13.0% (10.6– 
15.5%)

Arthritis, Rheumatism, or Other Bone or 
Joint

20.1% (15.0– 
25.1%)

23.8% (20.7– 
26.9%)

Sciatica, Lumbago, or Recurring Backache 20.9% (15.8– 
26.0%)

17.9% (15.1– 
20.6%)

Persistent skin trouble 8.2% (4.7– 
11.7%)

10.8% (8.5– 
13.0%)

Thyroid Disease 4.9% (2.2– 
7.7%)

6.5% (4.7– 
8.2%)

Recurring stomach trouble, Indigestion, or 
Diarrhea

17.6% (12.8– 
22.4%)

15.7% (13.1– 
18.3%)

Urinary or Bladder Problems 11.5% (7.4– 
15.5%)

14.0% (11.5– 
16.5%)

Gall Bladder Trouble 0.8% (0–2.0%) 2.0% (1.0– 
3.0%)

AIDS or HIV Infection 1.6% (0–3.2%) 0.4% (0–0.9%)
Lupus or other Autoimmune Disease 1.2% (0–2.6%) 1.1% (0.3– 

1.8%)
Persistent trouble with gums, mouth, or 
teeth

10.3% (6.4– 
14.1%)

10.6% (8.4– 
12.8%)

High Blood Pressure or Hypertension 40.3% (34.2– 
46.5%)

34.0% (30.6– 
37.4%)

Anxiety, Depression, or some other 
Emotional Disorder

33.6% (27.6– 
39.6%)

14.5% (12.0– 
17.1%)

Alcohol or Drug Problems 4.9% (2.2– 
7.6%)

2.0% (1.0– 
3.0%)

Migraine Headaches 10.7% (6.8– 
14.6%)

4.7% (3.2– 
6.2%)

Chronic sleeping problems 22.5% (17.3– 
27.8%)

9.5% (7.4– 
11.7%)

Diabetes or high blood sugar 15.3% (10.8– 
19.8%)

14.0% (11.5– 
16.5%)

Multiple Sclerosis, Epilepsy, or Other 
Neurological Disorders

4.1% (1.6– 
6.6%)

2.0% (1.0– 
3.0%)

Stroke 8.5% (5.0– 
12.0%)

1.6% (0.7– 
2.5%)

Ulcer, hernia or rupture, Piles or 
hemorrhoids

7.0% (3.8– 
10.2%)

11.2% (8.9– 
13.4%)

Swallowing Problems 8.2% (4.7– 
11.7%)

3.9% (2.5– 
5.3%)

€individuals aged 16–23 and 85–92 were included in this table with their actual age.

Figure 1. Flow diagram for analytic matched pairs sample. Three controls 
were matched to each case based on age (± 5 years), sex, race, and education. 
Cases age 16–22 and 85–92 were assigned age 23 and 84, respectively, to align 
with age range of control sample. This amounts to a more relaxed age criteria 
than ±5 years at the age extremes.

Table 2. Matched paired odds ratios for health conditions┼ among TBI and 
matched paired controls€.

Health Conditions
Odds Ratio§ 

(95% CI) p-value

Asthma, Bronchitis, or Emphysema 0.66 (0.41, 1.07) 0.092
Arthritis, Rheumatism, or Other Bone or Joint 0.81 (0.55, 1.18) 0.266
Sciatica, Lumbago, or Recurring Backache 1.22 (0.85, 1.75) 0.279
Persistent skin trouble 0.75 (0.45, 1.27) 0.288
Thyroid Disease 0.73 (0.37, 1.43) 0.361
Recurring stomach trouble, Indigestion, or 

Diarrhea
1.17 (0.80, 1.71) 0.430

Urinary or Bladder Problems 0.81 (0.51, 1.28) 0.370
Persistent trouble with gums, mouth, or teeth 0.98 (0.61, 1.57) 0.932
High Blood Pressure or Hypertension 1.41 (1.02, 1.95) 0.040
Anxiety, Depression, or some other Emotional 

Disorder
3.12 (2.19, 4.43) <0.0001*

Alcohol or Drug Problems 2.39 (1.10, 5.21) 0.028
Migraine Headaches 2.61 (1.50, 4.54) 0.0007*
Chronic sleeping problems 2.72 (1.83, 4.04) <0.0001*
Diabetes or high blood sugar 1.14 (0.75, 1.74) 0.539
Multiple Sclerosis, Epilepsy, or Other 

Neurological Disorders
2.15 (0.96, 4.86) 0.065

Stroke 6.43 (2.93, 14.14) <0.0001*
Ulcer, hernia or rupture, Piles or hemorrhoids 0.59 (0.34, 1.03) 0.065
Swallowing Problems 2.26 (1.25, 4.10) 0.007

€: Pairs matched on age (± 5 years), sex, race (white, black, other), and education 
(<BA, ≥BA) 

§: Matched Pairs Odds Ratios and 95% CI were calculated using conditional logistic 
regression adjusted for age to account for any residual confounding by age; 
comparison is TBI vs. matched controls (reference) 

*: indicates statistical significance at α = 0.0028 
┼: Gall bladder trouble, AIDS or HIV infection, and Lupus or other Autoimmune 

Disease were dropped from this table because there were fewer than 10 cases in 
the TBI group, therefore the estimates were unstable
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rated health. To illustrate the interaction, we graphed the model- 
based least square mean estimates by TBI and self-rated health 
category in Figure 2. The distributions of standardized BTACT 
composite scores for TBI cases and controls is provided for 
reference in Supplemental Figure 1.

Similarly, we tested interactions between individual health 
conditions and TBI on cognitive performance using a linear 
mixed model with a random effect for the matched pair set. 
After adjustment for multiple comparisons, there were no 
conditions that significantly modified the association between 
TBI and cognition (Table 4).

Sensitivity analyses

There were 181 individuals in the matched control sample with 
zero or unknown number of self-reported visits to the doctor 
in the last 12 months, leaving 563 controls reporting at least 
one visit to the doctor in the last 12 months for their physical 
health. We calculated the prevalence in the restricted control 
sample, and there were only modest changes in prevalence 
rates (Supplemental Table 1).

Discussion

Researchers now widely recognize TBI as a complex disease 
process associated with a number of secondary health condi-
tions affecting long-term recovery (4,39–42). Limited studies, 
however, have directly compared disease burden among well- 
defined samples with TBI and population-based matched con-
trols. Our current knowledge of the disease burden among 
persons living with TBI relative to the general population is 
confined by this limitation. The current study provides empiri-
cal evidence that selected neurobehavioral health conditions 
are more common among individuals with TBI as compared to 
similar uninjured adults in the general population.

Disproportionately high rates of health problems in the year 
following injury, irrespective of their causal link to TBI, con-
tribute to the burden of disease experienced by TBI survivors. 
Current findings are consistent with previous reports that TBI 
can initiate or exacerbate neurobehavioral disorders, including 
depression, anxiety, headache/migraine, and sleep problems 
for some individuals (43). High prevalence rates after TBI, as 
well as their detrimental impact on TBI recovery, have been 
documented for mood disorders (44–46), stroke (47), head-
ache/migraine (48), and poor sleep (49).

To our knowledge, ours is the first study documenting an 
interaction by TBI of the association between self-rated overall 
health and objective cognitive performance. Although it is 
well-known that on aggregate TBI cases have lower cognitive 
performance than controls, our finding indicates the relation-
ship between TBI and cognition differs markedly at the lowest 
end of the continuum of self-rated overall health; in our study 
the difference in BTACT composite scores were over two 
standard deviations lower (−2.09) between TBI cases and con-
trols who reported “poor” self-rated health. We also observed 
that the within group difference in cognitive performance 
between “poor” vs. “average” self-rated health was more pro-
nounced in the TBI group relative to controls, suggesting the 
relationship between poorer self-rated health and worse cogni-
tion is stronger in TBI than controls. The presence of cognitive 
impairments that last more than one year is common following 
moderate-to-severe TBI (3,50), and has been documented to 
contribute to health management challenges in other clinical 
populations (51). There is little evidence to suggest that this 

Table 3. Differences of least squares means estimates from linear mixed effects 
model of TBI and self-rated health associations with cognition.

Difference§ 

in 
BTACT 

score (SE)
Omnibus 
p-value

Within TBI cases (pairwise difference between 
rating X versus “average” self-rated health)

Excellent-Average 0.82 (0.27) <0.0001*
Good-Average 0.49 (0.21)
Fair-Average −0.06 

(0.26)
Poor-Average −1.54 

(0.30)
Within no TBI controls (pairwise difference 

between rating X versus “average” self-rated 
health)

Excellent-Average 0.33 (0.13) 0.002*
Good-Average 0.15 (0.11)
Fair-Average −0.24 

(0.15)
Poor-Average −0.38 

(0.30)
Between group difference between TBI cases 

and controls for 5 level self-rated health
Excellent (TBI-no TBI) −0.44 

(0.23)
0.002*

Good (TBI-no TBI) −0.59 
(0.12)

Average (TBI-no TBI) −0.93 
(0.20)

Fair (TBI-no TBI) −0.75 
(0.23)

Poor (TBI-no TBI) −2.09 
(0.37)

§: Difference calculated using a linear mixed effects regression model adjusted for 
matched pair as a random effect and adjusted for age to account for any 
residual confounding by age 

*: indicates statistical significance at α = 0.0028

Figure 2. Average Cognitive Composite Score by Self-Rated Overall Health 
and TBI case status. We ran a linear mixed effects model, considering matched 
pairs as a random effect, and the interaction between TBI and self-rated health 
was tested. The model-based least square mean estimates by TBI and self-rated 
health category is presented here. The relationship between self-rated health and 
cognition is significant in TBI cases (p < .0001) and controls (p = .0017). The 
p-value for the TBI*condition interaction is 0.0021.
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association is impacted by inaccurate reporting among those 
with cognitive impairments. A recent study using the TBIMS 
NDB showed good-to-excellent test–retest reliability for the 
same questions about health conditions used in the present 
study (52). Studies have also documented positive congruence 
of self-report and physician ratings on health, with occurrences 
of incongruity toward overestimating healthiness (53).

In our study, TBI cases had higher prevalence of selected 
neurobehavioral conditions, and also worse cognitive scores 
than controls. However, unlike self-rated health, we did not 
find sufficient evidence of an interaction between presence of 

individual conditions and TBI on cognition. That is, observed 
differences in cognitive scores between those with TBI and 
controls did not meaningfully vary based on presence of indi-
vidual health conditions. Notably, though not exceeding the 
significance threshold in our study, there was some suggestion 
that the presence of swallowing problems may negatively mod-
ify the association between TBI and cognitive performance, 
such that persons with both TBI and swallowing problems 
had even lower cognitive scores. Swallowing problems are 
a secondary neurological condition that can independently 
result in cognitive impairment (54), and future larger studies 
should further evaluate potential interactive effects of TBI and 
swallowing problems on cognitive performance.

There are limitations that should be considered when inter-
preting these findings. The age ranges in the MIDUS and 
TBIMS National Database studies were not perfectly aligned, 
and thus for matching purposes we modified ages of TBIMS 
participants at the extremes of the age range to align with the 
MIDUS sample in order to increase the likelihood of each case 
being matched to three controls. This change practically 
amounts to increasing our caliper distance beyond ±5 years 
at the age extremes. This more liberal criteria at the age 
extremes affords inclusion of TBI cases in our analysis at the 
oldest end of the age spectrum, who experts in the field have 
pointed out are often excluded from TBI research (55). We 
adjusted all analyses for chronological age to account for any 
residual confounding; therefore, this relaxing of the matching 
criteria is unlikely to affect the primary results. For those with 
TBI, it is not known whether health conditions were preexist-
ing, co-occurring, or developed after the injury. Our matched 
case–control design allowed for direct comparison of disease 
prevalence relative to the general population; however, it pre-
cluded investigation into whether TBI causes these selected 
health conditions (or vice versa). Therefore, we cannot make 
any inferences in the current matched case–control study on 
relative risk of any health conditions after TBI that would have 
been possible in a prospective study. The list of health condi-
tions studied was not comprehensive, and although we 
matched on several demographic factors, results may be 
impacted by unmeasured confounding. The TBIMS NDB is 
largely representative of the national population who receive 
inpatient rehabilitation for TBI (56), and findings may not 
generalize to individuals with TBI who did not receive specia-
lized brain injury rehabilitation. We considered the possibility 
that health-care utilization differed across groups, but our 
sensitivity analysis that removed controls with no health-care 
encounter within the last 12 months did not meaningfully 
change crude prevalence rates. Completion codes for cognitive 
capacity were not available in the MIDUS study; therefore, we 
may have missed some controls with severe cognitive impair-
ment not able to complete the BTACT. It is possible that case 
misclassification secondary to insensitive TBI ascertainment 
(57) in the MIDUS study biased findings toward the null, 
suggesting that differences reported here may be an under- 
estimation.

Strengths of our study included the direct comparison of 
health and cognition between well-characterized TBI cases and 
matched population-based controls using harmonized measure-
ment tools. Also, our analytic design by matching three controls to 

Table 4. Differences of least squares means estimates from linear mixed effects 
model of TBI and individual health condition associations with cognition.

TBI cases£ no TBI controls€

Health conditions Difference in 
BTACT score 

with and 
without 

condition (SE)

Difference in 
BTACT score 

with and 
without 

condition (SE)

TBI*condition 
interaction 

p-value§

Asthma, Bronchitis, 
or Emphysema

0.19 (0.28) −0.01 (0.13) 0.525

Arthritis, 
Rheumatism, or 
Other Bone or 
Joint

0.32 (0.20) −0.11 (0.11) 0.053

Sciatica, Lumbago, 
or Recurring 
Backache

0.06 (0.19) 0.11 (0.11) 0.798

Persistent skin 
trouble

0.32 (0.28) 0.09 (0.14) 0.463

Thyroid Disease 0.76 (0.36) 0.35 (0.17) 0.303
Recurring stomach 

trouble, 
Indigestion, or 
Diarrhea

0.23 (0.21) −0.28 (0.12) 0.034

Urinary or Bladder 
Problems

−0.32 (0.28) −0.0003 (0.13) 0.300

Persistent trouble 
with gums, 
mouth, or teeth

−0.62 (0.27) −0.16 (0.14) 0.129

High Blood Pressure 
or Hypertension

−0.27 (0.16) −0.22 (0.10) 0.774

Anxiety, Depression, 
or some other 
Emotional 
Disorder

−0.18 (0.16) −0.14 (0.12) 0.842

Alcohol or Drug 
Problems

−0.40 (0.36) −0.50 (0.32) 0.830

Migraine Headaches −0.72 (0.25) −0.24 (0.20) 0.135
Chronic Sleeping 

Problems
−0.14 (0.19) −0.08 (0.15) 0.797

Diabetes or high 
blood sugar

−0.16 (0.22) −0.17 (0.13) 0.942

Multiple Sclerosis, 
Epilepsy, or Other 
Neuro Disorders

−0.78 (0.42) −0.42 (0.30) 0.489

Stroke −0.67 (0.28) −0.43 (0.35) 0.599
Ulcer, hernia or 

rupture, Piles or 
hemorrhoids

0.07 (0.32) 0.04 (0.14) 0.912

Swallowing 
problems

−0.97 (0.28) −0.17 (0.22) 0.025

£: pairwise model-based difference in BTACT score (SE) between TBI cases with 
condition and TBI cases without condition 

€: pairwise model-based difference in BTACT score (SE) between controls with 
condition and controls without condition 

§: TBI*health condition interaction p-value from linear mixed model (e.g., indi-
cates if association between health condition and cognition vary by TBI status); 
linear mixed regression model adjusted for matched pair as a random effect and 
adjusted for age to account for any residual confounding by age 

*: indicates statistical significance at α = 0.0028
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each case based on demographic factors reduced confounding due 
to demographic factors. The TBI Model Systems has pioneered 
evidence supporting the notion of TBI as a chronic condition (4). 
Despite the several dozens of research articles in this area, the 
current study is the first TBI Model Systems NDB study to directly 
compare harmonized data to population-based controls.

Findings from the current study indicated that persons 
with TBI have a higher prevalence of selected neurobeha-
vioral health problems relative to uninjured peers in the 
general population. The observed trend that poor self-rated 
health was associated with significantly lower objective cog-
nitive performance among those with TBI compared to 
controls lends support to the notion that cognitive impair-
ment may have adverse effects on perceived overall health 
following TBI. Adults living with long-term health and 
cognitive problems following TBI require tailored health 
management programs (58) that adapt evidence-based 
chronic disease management approaches (59) to accommo-
date TBI-related cognitive impairments.
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