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ABSTRACT

Background: Although incidence rates are well documented for traumatic brain injury, lifetime preva-
lence in a demographically diverse sample is unknown. We examined the prevalence of self-reported
traumatic brain injury (TBI) in a demographically diverse sample.

Methods: History of TBI was examined in 2881 African-Americans and Whites in the Healthy Aging in
Neighborhoods of Diversity across the Life Span (HANDLS) study—a community-based, epidemiological
investigation of urban-dwelling adults. Logistic regression analyses examined the odds of TBI as a
function of sex, race, poverty status, age quintile and their interactions.

Results: A significant 3-way interaction was noted amongst race, poverty status and age (odds ratio (OR) =
1.57, 95% confidence interval (Cl) 1.07-2.31, p = 0.021). Amongst Whites living in poverty, younger (30-36
years of age) individuals had greater odds of TBI than older (58-64 years of age) individuals, whereas older
African-Americans living in poverty had greater odds of TBI. Additionally, a main effect of sex (OR = 2.36,
95% Cl 1.85-3.03, p < 0.001) indicated that men had greater odds of TBI.

Conclusions: History of TBI is most prevalent in men, older African-Americans in poverty, and younger
Whites in poverty. Preventive measures targeting relevant TBI risk factors in these populations are
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warranted.

Introduction

Traumatic brain injury (TBI), defined as an injury from an
external force that disrupts the normal function of the brain,
is one of the leading causes of death and disability in the
world, especially amongst the young [1]. TBI affects about 1.5
million people in the USA every year, with 275 000 hospita-
lizations and 52 000 deaths [2]. Additionally, substance use is
considered one of the most critical risk factors in TBI [3,4].
TBI incidence rates vary greatly based on various demo-
graphic characteristics. The literature well documents the dis-
proportionate risk of TBI as a function of age and sex, with
more frequent occurrence amongst young and elderly men
[5]. Additionally, those who are from a lower socioeconomic
status (SES) are more likely to sustain a TBI than higher SES
persons [6]. Although African-Americans and Whites have
similar incidence, African-Americans are more likely to die
from their TBI [5]. However, no studies have examined the
interaction of these demographic characteristics with respect
to TBI prevalence. While several studies have captured the
overall prevalence rates of TBI and sex differences [7], to our
knowledge, no studies have examined the lifetime prevalence
of TBI as a function of other demographic factors or across
demographically diverse subgroups. Accordingly, the present
investigation examined the prevalence of TBI in a demogra-
phically diverse, urban-dwelling sample of adults.

Methods
Participants

Participants were 2881 African-Americans and Whites in
Wave 1 of the Healthy Aging in Neighborhoods of Diversity
across the Life Span (HANDLS) study. Full details of the
HANDLS study have already been documented [8]. Briefly,
HANDLS is an ongoing longitudinal investigation conducted
by the National Institute on Aging’s Intramural Research
Program focused on race and SES-related health disparities
amongst urban-dwelling adults. The study targeted work-aged
adults, restricting the age range to 30-64. Participants, who
self-identified as African-American and White, were recruited
between the years 2004 and 2009 from 13 Baltimore, MD
neighbourhoods that reflected socioeconomic and racial
diversity [8]. For HANDLS, approximately equal numbers of
participants were recruited from separate clusters of contig-
uous census tracts—neighbourhoods—containing sufficient
numbers of residents to fill a factorial cross of sex, race, 5-
year age groups, and poverty status (above or below 125% of
the Federal poverty guidelines based on household size).
Neighbourhoods were selected based on data from the 2000
census. Households were selected randomly for potential par-
ticipation as were individuals within households. Participants
were eligible if they self-identified as either Black/African-
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American or White/Caucasian. Recruiters visited 32 959
dwellings in which they found 14 799 potentially eligible
individuals in 9904 households amongst whom 8150 indivi-
duals actually met initial screening criteria [8]. A total of 3720
participants met all inclusion criteria and were enrolled in the
entire first wave of the HANDLS study; 2802 participants
completed both phases of the protocol. Phase I consisted of
screening, recruitment and a household interview. Following
inclusion, Phase II was then carried out on mobile medical
research vehicles parked in the participant’s neighbourhood,
where a medical history, physical examination, cognitive test-
ing, and other diagnostic procedures were performed by
licensed physicians, nurses, medical staff and psychometrists.
Participants were excluded from the HANDLS study if they
were pregnant, were within 6 months of active treatment for
cancer (chemotherapy, radiation or biological treatments),
were unable to provide informed consent or could not pro-
vide a valid picture identification. Participants were excluded
from the present analyses if they were missing self-reported
history of head TBI or relevant demographic variables. Sample
characteristics are displayed in Table I. Participants provided
written informed consent according to the guidelines of the
National Institute of Environmental Health Science’s
Institutional Review Boards.

Biomedical assessment

Basic demographic information including age, sex, race and
annual household income were self-reported during an
initial household survey. Poverty status was dichotomized
at baseline based on reported annual household income
below or above 125% of the 2004 US Department of
Health and Human Services poverty guidelines [9].
Quintile age groups (30-36, 37-43, 44-50, 51-57, 58-64)
were created for the present analyses. Participants under-
went a comprehensive medical evaluation that included a
structured medical history. Head injury was assessed by
asking the participant if they had ever had a head injury
that had resulted in a loss of consciousness in a semi-
structure interview by physician or nurse practitioner. If
the participants responded yes, they were then asked to
report the number of head injuries they had sustained
and what year they had sustained the injury. Wording
was altered to the participant to maximize understanding.
While self-reported loss of consciousness has relatively low
reliability and validity, there remains no standardized mea-
sure of head injury, and therefore this remains the standard
method of inquiry in the literature.

Table I. Demographic characteristics.
With history of head ~ Without history of head

Demographic variable injury (n = 302) injury (n = 2499)
Age (M, SD) 48.25 (8.52) 48.03 (9.33)
Sex (% male) 62 41

Race (% Caucasian) 57 58
Poverty status (% below 51 40

125% poverty line)
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Table II. Results from logistic regression analyses of the retained model of the
interactions of age, sex, race and poverty status on history of traumatic brain injury.

Demographic variable 0dds ratio  95% confidence interval p-value

Age 1.01 0.84-1.21 0.916
Sex 2.36 1.85-3.03 <0.001
Race 1.07 0.44-2.61 0.880
Poverty status 3.59 1.39-9.30 0.008
Race x poverty status 0.23 0.06-0.83 0.025
Race x age 0.95 0.74-1.24 0.716
Age x poverty status 0.80 0.60-1.06 0.124
Age x race x poverty status 1.57 1.07-2.31 0.021

Bold is significant at p<.05.

Statistical analyses

The prevalence of TBI history was examined by logistic
regression analysis. Predictors for the analyses included sex,
race, poverty status, age quintile, as well as all 2-, 3-, and 4-
way interactions amongst the predictors. Backwards elimina-
tion was used to remove non-significant, higher-level interac-
tions such that the non-significant 4-way interaction was
eliminated first and the regression model recomputed, fol-
lowed by the removal of non-significant 3-way interactions,
and then non-significant 2-way interactions that were not
subsumed under significant 3-way interactions. Analyses
were then rerun until only significant interactions, and those
included in higher-level significantly interactions were present
in the final model.

Results

A final model with a 3-way interaction of race, poverty and
age (odds ratio (OR) = 1.57, 95% confidence interval (CI)
1.07-2.31, p = 0.021) as well as the main effect of sex (OR =
2.36, 95% CI 1.85-3.03, p < 0.001) was retained (Table II).
The significant interaction was probed by plotting simple
slopes to clarify the nature of the interaction. The effects of
age on the odds of prevalence of TBI were stratified by race
and poverty status. Amongst Whites below the 125% poverty
line, younger adults (age 30-36 years) had greater odds of
having had a TBI (Figure 1). There was no significant main
effect of age for Whites above the 125% poverty line. Amongst
African-Americans below the 125% poverty line, older adults
(age 58-64 years) had greater odds of having had a TBI
(Figure 2). There was no significant main effect of age for
African-Americans above the 125% poverty line.

Discussion

To our knowledge, this is the first investigation to examine
interactive relations of age, sex, race and poverty status to TBI
prevalence. Results indicated that young Whites and older
African-Americans who are living in poverty are more likely
to sustain a TBI in their lifetime. Additionally, results indi-
cated that men are 2.4 times more likely to sustain a TBI in
their lifetime than women. These results suggest that preva-
lence of TBI varies across the different demographic charac-
teristics of age, sex, race and poverty status, thus creating a
unique picture of lifetime prevalence for individuals.

There are several possible explanations for the present
results. The literature shows that individuals with lower SES
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Figure 1. Interaction graph of odds of history of head injury by age for Whites above and below the 125% poverty line.
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Figure 2. Interaction graph of odds of history of head injury by age for African-Americans above and below the 125% poverty line.

are more vulnerable to a spectrum of adverse mental and
physical health outcomes [10,11]. This vulnerability extends
to TBI; lower SES individuals have an elevated risk of sustain-
ing a TBI independent of race [6]. This relative vulnerability
may explain why our findings were noted predominantly
amongst individuals living in poverty.

Amongst the young, the most common stated causes of
TBI include substance use and vehicular accidents [5]. It is
possible that, in the present sample, young Whites below the
poverty line are more likely to engage in these behaviours
than their young African-American and their more affluent
counterparts, ultimately leading to higher TBI prevalence. In
the general population, Whites are indeed more likely than
African-Americans to be involved in motor vehicle crashes,
with higher percentages of youth being involved in alcohol-
impaired motor vehicle crashes [12]. Additionally, whereas
young African-Americans are more likely to be non-drinkers,
their White counterparts are more likely to be moderate-
heavy drinkers [13]. There is also a growing risk of morbidity
associated with opioids drug use in young to middle age
Whites [14], which may also result in a higher prevalence of
TBI in this group. In the elderly, TBI has typically been
associated with falls associated with frailty [5]. In the elderly,

African-Americans are more likely than Whites to be depen-
dent on their activities of daily living [15,16], perhaps as a
result of increased frailty. Older African-Americans therefore
may be more likely to fall and sustain a TBI than older
Whites, which would also explain our findings. In the
HANDLS study, it has been noted that low SES African-
American men have higher levels of frailty beginning in mid-
dle age than White men (Personal Communication Felicia
Griffin 2016).

The current findings regarding sex differences are consis-
tent with the TBI literature. Sex differences in TBI have been
well documented, with incidence rates for men being more
than double that of women [17]. Similarly, a recent meta-
analysis of 12 prevalence studies showed that rates are twice as
high in men (16.7%) than in women (8.6%) [7]. Importantly,
because no other study has investigated age, race and poverty
status as they relate to sex difference in lifetime prevalence of
TBI, our study further expands upon the literature by clarify-
ing that sex differences are independent of other demographic
variables.

Our results have several potential implications. Prevention
of TBI can be targeted towards individual demographic
groups based on their relative risk, especially amongst those



who are living in poverty. Further research should focus on
identifying the exact mechanisms of vulnerability for these
demographic groups, e.g., evaluating potential influences of
frailty in older African-Americans and risky behaviours asso-
ciated with substance use in younger Whites. The present
investigation study, in conjunction with future studies, may
help suggest targeted prevention strategies for older African-
Americans (such as limiting frailty-related head injuries), as
well as interventions for younger White adults living in pov-
erty (such as substance use education and screening).
Additionally, it is possible that a history of TBI increases
subsequent vulnerability of the brain. In that regard, prior
research has shown that TBI may increase the risk of demen-
tia [18]. Thus, the increased prevalence of TBI in African-
Americans living in poverty may, in part, explain their
increased dementia risk [19,20]. This issue warrants further
research.

The current study had several limitations. First, the measure
of TBI was based on self-report, which could mislabel an
individual if inaccurate. There was also no information col-
lected on the nature, location or severity of the injury.
Additionally, the data obtained were cross-sectional, thus pre-
cluding any temporal inferences. Also nearly 25% of the initial
sample did not complete both phases of the baseline assess-
ment. Finally, our cohort was limited to individuals over the
age of 30 living in Baltimore, which may limit generalizability.

In conclusion, the present study is the first to demonstrate
interactive relations amongst demographic variables on the
lifetime prevalence of TBL. Men as well as young Whites and
older African-Americans below the 125% poverty line showed
higher lifetime prevalence than their counterparts. Further
investigation is warranted to understand the implications of
these findings, and whether each group recovers differently
from a TBI. Longitudinal data can help clarify what role TBI
might play in progressive dementias in this demographically
diverse sample.
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