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Abstract

Objective

To provide nationally representative prevalence estimates of disability associated with prior
head injury with loss of consciousness in the United States and to examine associations between
prior head injury and disability.

Methods

This was a cross-sectional analysis of 7,390 participants >40 years of age in the 2011-2014
National Health and Nutrition Examination Surveys (NHANES). Head injury with loss of
consciousness was assessed by self-report. Domains of disability were assessed with a stan-
dardized structured questionnaire and measured grip strength. Logistic and linear regression
models adjusted for demographic, socioeconomic/behavioral, and medical comorbidity vari-
ables were used. Multiple imputation was used to account for missing covariate data.

Results

Mean age of participants was 58 years; 53% were female; 71% were non-Hispanic White; and
16% had a history of head injury with loss of consciousness. Overall, participants with a history
of head injury had higher prevalence of disability in at least 1 domain of functioning compared
to individuals without head injury (47.4% vs 38.6%, p < 0.001), with the highest prevalence of
disability in the domains of mobility and work productivity. In fully adjusted models, head
injury was significantly positively associated with disability in all domains assessed on the
standardized questionnaire (all p < 0.05). Participants with head injury had greater grip strength
(all p < 0.05).

Conclusions

We found that 47.4% of individuals >40 years of age in the United States with a history of head
injury are living with disability in at least 1 domain of functioning, corresponding to 11.4 million
affected individuals. This significant burden of disability suggests that efforts are needed to
improve functioning among individuals with head injury.

From the Department of Neurology (A.L.C.S.), University of Pennsylvania Perelman School of Medicine, Philadelphia; Department of Epidemiology (D.W., R.F.G., E.S.), Johns Hopkins
University Bloomberg School of Public Health; and Department of Neurology (R.F.G.), Johns Hopkins University School of Medicine, Baltimore, MD.

Go to Neurology.org/N for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.

e124  Copyright © 2021 American Academy of Neurology

Copyright © 2021 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.


http://dx.doi.org/10.1212/WNL.0000000000012148
mailto:Andrea.Schneider@pennmedicine.upenn.edu
mailto:Andrea.Schneider@pennmedicine.upenn.edu
https://n.neurology.org/lookup/doi/10.1212/WNL.0000000000012148

Glossary

ADL = activities of daily living; CI = confidence interval; IADL = instrumental activities of daily living; ICD-9 = International
Classification of Diseases, 9th revision; NHANES = National Health and Nutrition Examination Surveys; OR = odds ratio;
TRACK-TBI = Transforming Research and Clinical Knowledge in Traumatic Brain Injury.

Head injury is associated with significant morbidity and
mortality in the United States, with =16% of adults >40 years
of age reporting a history of head injury with loss of con-
sciousness at some point in their lives." Over the past few
decades, there has been increased recognition that the se-
quelae of head injury are long-lasting. Further, head injury
with loss of consciousness has been shown to be associated
with worse outcomes compared to head injury without loss of
consciousness.” Given the high burden of head injury with
loss of consciousness in the United States and the association
with worse outcomes, accurate, representative data on the
prevalence and associations of head injury with loss of con-
sciousness with disability are particularly important for both
public health and patient-related long-term care and man-
agement planning.

Early data on head injury-associated disability were pri-
marily extrapolated from models as opposed to primary data
collected on head injury-associated disability from
studies.>” More recently, several hospital-based and
population-based studies have reported prevalence of head
injury-related disability and investigated associations be-
tween head injury and disability, both within the United
States®'* and internationally.lj"16 However, to the best of
our knowledge, no prior study has provided nationally
representative estimates of the prevalence of disability as-
sociated with prior head injury with loss of consciousness in
the United States based on data collected in a nationally
representative sample.

The 2011-2014 National Health and Nutrition Examination
Surveys (NHANES) provide a unique opportunity to esti-
mate the prevalence of head injury with loss of
consciousness—associated disability and estimates are gener-
alizable to the noninstitutionalized civilian population of
adults >40 years of age in the United States. The primary
objectives of this study were (1) to provide nationally rep-
resentative prevalence estimates of disability associated with
prior head injury with loss of consciousness in the United
States and (2) to examine associations between prior head
injury with loss of consciousness and disability.

Methods
Study Population

NHANES is a series of cross-sectional surveys conducted
biennially since 1999 to 2000 by the National Center for
Health Statistics of the Centers for Disease Control and
Prevention.
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NHANES uses a complex, multistage probability sampling
design to select participants who are representative of the
civilian noninstitutionalized population of the United
States.'”'® All participants undergo a standardized in-home
interview, followed by a physical examination and blood and
urine collection at a mobile examination center. An adult
proxy provides information for participants who are unable to
answer questions themselves. For the present study, we used
data from the 2011-2012 and 2013-2014 survey cycles, when
head injury was assessed.

Standard Protocol Approvals, Registrations,
and Patient Consents

The NHANES protocol was approved by the National Center
for Health Statistics Research Ethics Review Board, and
written informed consent was obtained from all participants
or legally authorized representatives.'

Head Injury With Loss of

Consciousness Definition

Head injury with loss of consciousness was self-reported with
the question, “have you ever had loss of consciousness be-
cause of a head injury?” This definition has been reported
previously.! The self-reported question was a part of the taste
and smell questionnaire administered to all participants >40
years of age in 2011 to 2014.

Disability Definitions

Participants were interviewed about physical functioning and
functional limitations with a Computer-Assisted Personal
Interviewing system.'”'® Participants were asked questions
regarding difficulty performing physical functioning activities
in S domains: activities of daily living (ADL), instrumental
ADL (IADL), leisure and social activities, lower extremity
mobility, and general physical activities. Disability in physical
functioning domains was defined as a report of “some” or
greater difficulty in at least 1 of the activities within each
domain (table 1). Participants were also asked questions
about functional limitations in ability to work, in type or
amount of work, in walking, and due to memory and confu-
sion. Disability in functional limitations domains was defined
by an answer of “yes” to the respective functional limitation
question (table 1). Domains of disability were defined in ac-
cordance with previously described methods.***'
self-reported disability domains did not assess upper ex-
tremity function, we additionally used measured grip strength
to assess for upper extremity disability.”> Grip strength has
previously been shown to be a meaningful measure of upper
extremity function and disability.”>** A Takei digital dyna-
mometer (model T.K.K.5401, Niigata City, Japan) was used

Because the
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Table 1 NHANES 2011-2014 Questionnaire Items Related to Disability

Measure of disability

Survey questionnaire items

Possible responses?®

Physical functioning domains

Activities of daily living

By yourself and without using any special equipment, how
much difficulty do you have...

Getting in and out of bed

Eating

Dressing yourself

No difficulty, some difficulty, much difficulty,
unable to do, do not do this activity

Instrumental activities of daily living

By yourself and without using any special equipment, how
much difficulty do you have...

Managing money

Performing household chores

Preparing meals

No difficulty, some difficulty, much difficulty,
unable to do, do not do this activity

Leisure and social activities

By yourself and without using any special equipment, how
much difficulty do you have...

Going to the movies

Attending social events

Performing leisure activity at home

No difficulty, some difficulty, much difficulty,
unable to do, do not do this activity

Lower extremity mobility

By yourself and without using any special equipment, how
much difficulty do you have...

Walking % of a mile

Walking up 10 steps

Stopping, kneeling, crouching

Walking between rooms on the same floor

Standing up from and armless chair

No difficulty, some difficulty, much difficulty,
unable to do, do not do this activity

General physical activities

By yourself and without using any special equipment, how
much difficulty do you have...

Lifting or carrying heavy objects

Reaching up overhead

Grasping/holding small objects

Standing for long periods

Sitting for long periods

No difficulty, some difficulty, much difficulty,
unable to do, do not do this activity

Functional limitations domains

Ability to work Does a physical, mental, or emotional problem now keep you Yes, no
from working at a job or business?

Amount and type of work Are you limited in the kind or amount of work you can do Yes, no
because of a physical, mental, or emotional problem?

Walking Because of a health problem, do you have difficulty walking Yes, no
without using any special equipment?

Memory and confusion Areyou limited in any way because of difficulty remembering Yes, no

or because you experience periods of confusion?

Abbreviation: NHANES = National Health and Nutrition Examination Surveys.

@ Difficulty in a physical functioning domain was defined as a response of some difficulty or greater in at least 1 of the physical task questions within a domain.
Disability in functional limitations domains was defined by an answer of “yes” to the respective functional limitation question.

to record the maximum reading (kilograms) of grip strength
force. Each hand was tested 3 times with a 60-second break
between trials, and best values were recorded for the domi-
nant hand, the nondominant hand, and combined hands.

Covariates

Detailed information on the data collection for the
2011-2012 and 2013-2014 in-person interviews, physical
examinations, and blood samples obtained in NHANES is
17,18 Briefly, data on age (continuous),
sex (male, female), race/ethnicity (non-Hispanic White, non-
Hispanic Black, Mexican American; other), education (less
than high school, high school or equivalent, some college or
above), ratio of family income to poverty (ratio of the

documented elsewhere.

Neurology | Volume 97, Number 2 | July 13,2021

participant’s self-reported annual family income to the federal
poverty threshold specific for the year of the interview™;
>350%+, 130%-349%, <130%), moderate/vigorous work or
recreational activity (defined as performing >10 minutes of
activity causing either small or large increases in breathing or
heart rate; yes, no), alcohol consumption (never, former,
current), smoking status (never, former, current), and military
veteran status (yes, no) were self-reported. Diabetes was de-
fined as self-reported physician-diagnosed diabetes, taking
diabetes medications, or hemoglobin A, >6.5. Hypertension
was defined as self-reported physician-diagnosed hyperten-
sion, taking hypertension medications, systolic blood pres-
sure >40 mm Hg, or diastolic blood pressure >90 mm Hg.
History of cardiovascular disease (defined as coronary heart
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Figure 1 Participant Inclusion/Exclusion Diagram, NHANES
2011-2014

NHANES 2011-2014:
Participants aged 240 years*
(N=7,418)

Excluded (n = 28):
* Missing head injury (19)
* Missing disability data (9)

A 4

v

Analytic population**
(n=7,390)

NHANES = National Health and Nutrition Examination Surveys. *Head injury
with loss of consciousness question was a part of the taste and smell ques-
tionnaire, which was administered to all participants 240 years of age during
the 2011-2012 and 2013-2014 surveys. **The following covariates contained
missing data that were accounted for with multiple imputation using chained
equations in all adjusted analyses: education (n = 7), family income to poverty
ratio (n = 663), moderate/vigorous work or recreational activity (n = 2), alcohol
consumption (n = 961), hypertension (n = 314), history of cardiovascular dis-
ease (n = 3), history of stroke (n = 8), and depression (n = 986).

disease or prior myocardial infarction), history of stroke, and
history of sleep disorder were self-reported. Depression was
defined as a score of >10 on the 9-item Patient Health
Questionnaire.26

Statistical Analyses

We performed all statistical analyses incorporating appro-
priate National Center for Health Statistics—derived survey
weights to account for the complex NHANES sampling
design and to make the estimates reported here nationally
representative of the noninstitutionalized civilian pop-
ulation of adults >40 years of age in the United States in
2011 to 2014.>7 Standard errors were obtained with the
Taylor series (linearization) method in accordance with
analysis recommendations from the National Center for
Health Statistics.”’

Unadjusted and age-adjusted prevalences (95% confidence
interval [CI]) were calculated by history of head injury for
each domain of disability. We applied our prevalence esti-
mates to the 2013 American Community Survey—Public Use
Microdata Sample to obtain estimates of the number of in-
dividuals >40 years of age with disability among individuals
with and without head injury in the United States in the year
2013.%° Specifically, the prevalence of head injury was mul-
tiplied by the number of American Community Survey-
Public Use Microdata Sample individuals >40 years of age to
obtain the estimate of the number of adults with and without
a history of head injury in the United States in 2013. Then,
the prevalence of disability among individuals with and
without head injury was multiplied by the number of indi-
viduals with and without head injury, respectively, to obtain
the estimate of the number of adults >40 years of age with
disability among individuals with and without head injury in
the United States in 2013.

Neurology.org/N

We used logistic regression models to estimate the associations
between head injury with loss of consciousness and domains of
disability. Sex-stratified linear regression models were used to
estimate associations between head injury with loss of con-
sciousness and grip strength. We present 3 statistical models to
show the impact of progressive adjustment for a priori-selected
confounders of the association between history of head injury and
disability. Model 1 was adjusted for demographic variables (age,
sex, and race/ethnicity). Model 2 included all variables in model 1
plus socioeconomic status and behavioral variables (education,
ratio of family income to poverty, physical activity, alcohol con-
sumption, smoking, and military status). Model 3 included all
variables in model 2 plus medical comorbid conditions (diabetes,
hypertension, history of cardiovascular disease, history of stroke,
depression, and history of sleep disorder). Multiple imputation by
chained equations methods with 25 sets of imputations was used
to account for missing covariates in all analyses; we additionally
performed a sensitivity analysis using 100 sets of imputations.
The following variables contained missing data: education (n =
7), family income to poverty ratio (n = 663), moderate/vigorous
work or recreational activity (n = 2), alcohol consumption (n =
961), hypertension (n = 314), history of cardiovascular disease (n
= 3), history of stroke (n = 8), and depression (n = 986). We
additionally performed a sensitivity analysis excluding partici-
pants with a history of stroke (unweighted n = 422). In pre-
specified secondary analyses, we repeated our analyses stratified
by age (40-64 years vs >65 years) because both head injury and
disability increase with age.””*° Formal testing for multiplicative
interaction by age was performed.

All reported p values were based on 2-sided tests, and values of
p < 0.05 were considered statistically significant. Stata SE
version 15 (StataCorp, College Station, TX) was used to
perform all analyses.

Data Availability
NHANES questionnaires, datasets, and data dictionaries are
publicly available at cdc.gov/nchs/nhanes/index.htm.

Results

Detailed in-person interviews were obtained from 19,931
individuals (9,338 individuals in 2011-2012 and 9,813 indi-
viduals in 2013-2014). Information on head injury was
obtained from all participants >40 years of age. Of the 7,418
individuals >40 years of age, 19 were excluded due to missing
head injury data, and 9 were excluded due to missing disability
data, leaving a total of 7,390 participants included in the
present analyses (figure 1). Grip strength data were available
in a subset of this population (n = 6,308).

Mean age of participants was 58 years; 53% were female; 11%
were non-Hispanic Black; 6% were Mexican American; and
16% had a history of head injury with loss of consciousness
(table 2). Compared to individuals without head injury, in-
dividuals reporting a history of head injury with loss of
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Table 2 Characteristics of US Adults 240 Years of Age, Overall and According to History of Head Injury With Loss of
Consciousness, NHANES 2011 to 2014 (Unweighted N = 7,390)

Overall (unweighted

No head injury History of head injury

n =7,390) (unweighted n = 6,446) (unweighted n = 944) p Value

Age, mean (SE), y 57.8(0.2) 58.0(0.2) 56.7 (0.4) 0.020
Female (SE), % 52.8(0.7) 55.2 (0.8) 40.2 (2.3) <0.001
Race/ethnicity (SE), % <0.001

Non-Hispanic White 71.1(2.4) 69.3(2.5) 81.3(1.9)

Non-Hispanic Black 10.7 (1.4) 11.6 (1.5) 6.0 (1.0)

Mexican American 6.2 (1.0) 6.6 (1.1) 4.2 (0.8)

Other 11.9 (0.9) 12.6 (0.9) 8.5(1.2)
Education (SE), % <0.001

Less than high school 17.2(1.3) 18.0 (1.4) 13.1(1.3)

High school or equivalent 21.7(1.0) 22.0(1.0) 19.9 (1.6)

Greater than high school 61.1(1.8) 60.0 (1.9) 67.0 (2.0)
Family income to poverty ratio, % (SE) 0.542

2350% 44.3 (2.1) 44.0 (2.2) 45.9 (2.8)

130%-349% 34.5(1.3) 34.9(1.4) 32.8(2.2)

<130% 21.2(1.6) 21.2(1.6) 21.3(2.4)
Moderate/vigorous work or recreational activity (SE), % 65.2 (1.0) 64.4 (1.0) 69.9 (2.1) 0.018
Alcohol consumption (SE), % 0.002

Never drinker 11.9(0.8) 12.8(0.9) 7.1(1.1)

Former drinker 24.0 (0.8) 23.9(0.8) 24.4 (1.9)

Current drinker 64.1 (1.5) 63.3(1.5) 68.5(2.2)
Smoking (SE), % <0.001

Never smoker 52.3(1.0) 54.0 (1.0) 43.2 (2.3)

Former smoker 29.3(0.9) 28.5(1.0) 34.0(2.0)

Current smoker 18.3(0.9) 17.5(0.8) 22.8(1.9)
Military veteran status (SE), % 13.2(0.6) 12.7 (0.6) 16.3 (1.5) 0.019
Diabetes (SE), % 16.7 (0.7) 16.7 (0.7) 16.6 (1.2) 0.938
Hypertension (SE), % 46.4(0.9) 47.3(1.0) 41.7 (1.8) 0.015
History of cardiovascular disease (SE), % 7.4(0.4) 7.1(0.4) 9.2(1.0) 0.025
History of stroke (SE), % 4.3(0.3) 4.1 (0.3) 5.6 (0.9) 0.091
Depression (SE), % 9.0 (0.6) 8.0(0.7) 143 (1.1) <0.001
History of sleep disorder (SE), % 12.0(0.6) 11.0(0.7) 17.3(1.1) <0.001

Abbreviations: NHANES = National Health and Nutrition Examination Surveys; SE = standard error.

consciousness were younger (57 years vs 58 years, p = 0.02)
and were more likely to be male (60% vs 45%, p < 0.001) and
of non-Hispanic White race (81% vs 69%, p < 0.001). Indi-
viduals with a history of head injury with loss of consciousness
were also more likely than individuals without head injury to
engage in moderate/vigorous work or recreational activity
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(70% vs 64%, p = 0.02), to be military veterans (16% vs 13%, p
= 0.02), and to have depression (14% vs 8%, p < 0.001).

Overall, participants with a history of head injury with loss of
consciousness had higher unadjusted prevalence of disability

in at least 1 domain of functioning as assessed on the
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Figure 2 Age-Adjusted Prevalence (95% confidence interval) of Disability by History of Head Injury With Loss of

Consciousness
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(A) Physical functioning domains. (B) Functional limitations domains. *p < 0.01 comparing no head injury to history of head injury. **p <0.001 comparing no

head injury to history of head injury.

standardized questionnaire compared to individuals without a
history of head injury (47.4% vs 38.6%, p < 0.001). This
corresponds to 11.4 million (95% CI 10.3-12.3 million) in-
dividuals in the United States with a history of head injury
with loss of consciousness and disability in at least 1 domain of
functioning. Across all physical functioning domains (figure
2A) and functional limitations domains (figure 2B), individ-
uals with head injury with loss of consciousness had higher
age-adjusted prevalence of disability compared to individuals
without head injury (all p < 0.01). Among the physical
functioning domains, individuals with head injury with loss of
consciousness had highest age-adjusted prevalence of dis-
ability in the lower extremity mobility domain (38.0%, 95% CI
33.5%-42.5%), which corresponds to 8.6 million (95% CI
7.5-9.7 million) affected individuals in the United States,
closely followed by the general physical activities domain
(36.2%, 95% CI 31.7%-40.6%), corresponding to 8.2 million
(95% CI 7.1-9.3 million) affected US individuals. Within the
functional limitations domains, individuals with head injury
with loss of consciousness had the highest age-adjusted
prevalence of disability in the amount and type of work do-
main (34.6%, 95% CI 30.7%-38.5%), which corresponds to
8.1 million (95% CI 7.2-9.0 million) affected individuals in
the United States.

Head injury with loss of consciousness was significantly as-
sociated with disability in all domains of the standardized

questionnaire after adjustment for demographics and

Neurology.org/N

socioeconomic status and behavioral factors (table 3, models
1 and 2). These associations were slightly attenuated but
remained significant after additional adjustment for medical
comorbid conditions (table 3, model 3). In fully adjusted
models, within the physical functioning domains, head injury
with loss of consciousness (vs no head injury) was associated
with disability in domains of ADL (odds ratio [OR] 1.92, 95%
CI 1.41-2.61), IADL (OR 1.84, 95% CI 1.41-2.42), leisure
and social activities (OR 2.30, 95% CI 1.71-3.10), lower ex-
tremity mobility (OR 1.66, 95% CI 1.36-2.03), and general
physical activity (OR 1.53, 95% CI 1.20-1.96). Within the
functional limitations domains, head injury with loss of con-
sciousness was associated with disability in domains of work
limitation (OR 2.10, 95% CI 1.57-2.82), amount and type of
work (OR 1.93, 95% CI 1.57-2.36), walking limitation (OR
1.57, 95% CI 1.13-2.20), and memory and confusion limi-
tation (OR 2.36, 95% CI 1.74-3.20). Results from our sen-
sitivity analysis with 100 sets of imputations for missing model
3 covariates and from our sensitivity analysis excluding indi-
viduals with a history of stroke were not appreciably different
from our main results (etable 1; data available from Dryad:
doi.org/10.5061/ dryad.slrnSpk76). In contrast, head injury
was associated with greater upper extremity grip strength (all
p < 0.05) (table 4).

In prespecified secondary analyses stratified by age (40-64
years vs >6S years) (table S), OR point estimates for the
associations of head injury with loss of consciousness and
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Table 3 ORs (95% Cls) for the Associations of History of Head Injury With Loss of Consciousness With Disability, US Adults

>40 Years of Age, NHANES 2011 to 2014 (Unweighted N = 7,390)

OR (95% Cl)

Model 12

Model 2°

Model 3¢

Physical functioning domain areas of disability

Activities of daily living

No head injury

1 (Reference)

1 (Reference)

1 (Reference)

History of head injury

2.08 (1.59-2.72)

2.14(1.60-2.87)

1.85 (1.35-2.54)

Instrumental activities of daily living

No head injury

1 (Reference)

1 (Reference)

1 (Reference)

History of head injury

2.00 (1.54-2.59)

2.08 (1.59-2.73)

1.79 (1.36-2.35)

Leisure and social activities

No head injury

1 (Reference)

1 (Reference)

1 (Reference)

History of head injury

2.41 (1.85-3.14)

2.56 (1.93-3.39)

2.25 (1.67-3.05)

Lower extremity mobility

No head injury

1 (Reference)

1 (Reference)

1 (Reference)

History of head injury

1.77 (1.46-2.16)

1.79(1.48-2.15)

1.62 (1.32-1.98)

General physical activity

No head injury

1 (Reference)

1 (Reference)

1 (Reference)

History of head injury

1.67 (1.34-2.07)

1.68 (1.35-2.08)

1.49 (1.16-1.92)

Functional limitations domain areas of disability

Work limitation

No head injury

1 (Reference)

1 (Reference)

1 (Reference)

History of head injury

2.21(1.74-2.81)

2.37(1.80-3.13)

2.06 (1.54-2.76)

Amount/type of work limitation

No head injury

1 (Reference)

1 (Reference)

1 (Reference)

History of head injury

2.04 (1.73-2.40)

2.10(1.76-2.51)

1.88(1.52-2.33)

Walking limitation

No head injury

1 (Reference)

1 (Reference)

1 (Reference)

History of head injury

1.78 (1.31-2.42)

1.81(1.31-2.52)

1.51(1.08-2.11)

Memory and confusion limitation

No head injury

1 (Reference)

1 (Reference)

1 (Reference)

History of head injury

2.54(1.95-3.30)

2.76 (2.04-3.73)

2.29(1.66-3.16)

Abbreviations: CI = confidence interval; NHANES = National Health and Nutrition Examination Surveys; OR = odds ratio.

@Model 1: adjusted for age, sex, and race/ethnicity.

® Model 2: adjusted for all variables in model 1 + education, family income to poverty ratio, physical activity, alcohol consumption, smoking, and military

status.

¢Model 3: adjusted for all variables in model 2 + diabetes, hypertension, history of cardiovascular disease, history of stroke, depression, and history of sleep

disorder.

physical functioning disability domains were consistently
higher among younger compared to older participants.
However, the p value for multiplicative interaction by age was
significant only for the domains of IADL (model 3, p for
interaction = 0.031) and lower extremity mobility (model 3, p

e130 Neurology | Volume 97, Number2 | July 13,2021

for interaction = 0.026). OR point estimates were higher for
younger vs older participants in the functional limitations
domains of work limitation, amount/type of work limitation,
and memory and confusion limitation domains, but they were
similar between age groups for the walking limitation domain.
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Table 4 Associations of History of Head Injury With Loss of Consciousness With Grip Strength, US Adults =40 Years of Age,

NHANES 2011-2014 (Unweighted N = 6,308)

Grip strength,

B Coefficient (95% CI)

mean (SE), kg p Value Model 12 Model 2° Model 3¢
Men (unweighted n = 3,069)
Dominant handgrip strength 0.170
No head injury 43.8 (0.3) 1 (Reference) 1 (Reference) 1 (Reference)
History of head injury 44.5 (0.6) 1.09 (0.41-2.89) 1.08 (0.39-2.96) 1.24 (0.47-3.30)
Nondominant handgrip strength 0.480
No head injury 41.9(0.3) 1 (Reference) 1 (Reference) 1 (Reference)
History of head injury 42.3(0.7) 0.76 (0.25-2.24) 0.77 (0.24-2.39) 0.89 (0.30-2.65)
Combined handgrip strength 0.291
No head injury 85.7 (0.6) 1 (Reference) 1 (Reference) 1 (Reference)
History of head injury 86.8 (1.2) 0.82 (0.11-5.89) 0.82 (0.11-6.46) 1.10 (0.15-7.90)
Women (unweighted n = 3,239)
Dominant handgrip strength 0.429
No head injury 27.6(0.2) 1 (Reference) 1 (Reference) 1 (Reference)
History of head injury 27.9(0.3) 0.99 (0.49-1.99) 0.90 (0.49-1.63) 1.11 (0.62-1.99)
Nondominant handgrip strength 0.120
No head injury 25.9(0.2) 1 (Reference) 1 (Reference) 1 (Reference)
History of head injury 26.4(0.3) 1.27 (0.71-2.28) 1.16 (0.69-1.95) 1.36 (0.83-2.24)
Combined handgrip strength 0.226
No head injury 53.4(0.3) 1 (Reference) 1 (Reference) 1 (Reference)
History of head injury 54.3(0.6) 1.26 (0.38-4.19) 1.04 (0.37-2.92) 1.52 (0.56-4.10)

Abbreviations: Cl = confidence interval; NHANES = National Health and Nutrition Examination Surveys; SE = standard error.

2Model 1: adjusted for age and race/ethnicity.

> Model 2: adjusted for all variables in model 1 + education, family income to poverty ratio, physical activity, alcohol consumption, smoking, and military

status.

¢Model 3: adjusted for all variables in model 2 + diabetes, hypertension, history of cardiovascular disease, history of stroke, depression, and history of sleep

disorder.

However, formal tests for multiplicative interaction testing by
age were nonsignificant for all functional limitations domains
(all p for interaction > 0.0S).

Discussion

This study provides nationally representative estimates of the
prevalence of disability associated with prior head injury with
loss of consciousness, showing that =11.4 million individuals,
or 47.4% of all noninstitutionalized, civilian individuals >40
years of age in the United States with a history of head injury
with loss of consciousness, are living with disability in at least 1
domain of functioning. Among individuals with a history of
head injury with loss of consciousness, the highest age-
adjusted prevalence of disability was observed in the cate-
gories of lower extremity mobility, general physical activities,

Neurology.org/N

and amount or type of work limitation domains, suggesting
that head injury disproportionately affects functioning in
mobility and work productivity. Overall, our study provides
valid and reliable nationally representative estimates of dis-
ability that are important to improving the understanding of
the magnitude of both the individual and societal burdens of
head injury with loss of consciousness.

Several prior studies have investigated the prevalence of head
injury-related disability and associations of head injury and
disability within different regions in the United States,®*'” but
none to the best of our knowledge have reported nationally
representative estimates using data collected in a nationally
representative sample. The definitions of head injury varied
between prior studies, as did the time between head injury and
ascertainment of disability. Several early studies extrapolated
disability prevalence from models based on head injury

Neurology | Volume 97, Number 2 | July 13,2021

Copyright © 2021 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

e131


http://neurology.org/n

Table 5 ORs (95% Cls) for the Associations of History of Head Injury With Loss of Consciousness With Disability, Stratified
by Age, US Adults >40 Years of Age, NHANES 2011-2014 (Unweighted N = 7,390)

Age 40-64 y (unweighted n = 4,843)

Age 265 y (unweighted n = 2,547)

OR (95% CI)

OR (95% CI)

Model 12

Model 2°

Model 3¢

Model 12

Model 2°

Model 3¢

Physical functioning domain
areas of disability

Activities of daily living®

No history of head injury

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

History of head injury

2.33(1.69-3.20)

2.48 (1.76-3.49)

2.25(1.59-3.19)

1.53(0.97-2.43)

1.54 (0.95-2.50)

1.27(0.75-2.16)

Instrumental activities of
daily living?

No history of head injury

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

History of head injury

2.22 (1.66-2.98)

2.37 (1.69-3.33)

2.14(1.53-2.99)

1.54 (1.07-2.22)

1.57 (1.08-2.27)

1.29 (0.90-1.83)

Leisure and social activities

No history of head injury

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

History of head injury

2.63(1.88-3.67)

2.78 (1.95-3.98)

2.56 (1.70-3.84)

2.03 (1.46-2.83)

2.13(1.49-3.06)

1.82(1.25-2.67)

Lower extremity mobility?

No history of head injury

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

History of head injury

1.97 (1.57-2.46)

2.03(1.59-2.60)

1.88(1.48-2.38)

1.34 (0.90-1.99)

1.28 (0.90-1.84)

1.15(0.77-1.71)

General physical activity

No history of head injury

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

History of head injury

1.70 (1.33-2.16)

1.74 (1.33-2.28)

1.55(1.15-2.09)

1.53(1.12-2.07)

1.51 (1.11-2.04)

1.33(0.94-1.89)

Functional limitations domain
areas of disability

Work limitation

No history of head injury

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

History of head injury

2.15(1.64-2.82)

2.39(1.71-333)

2.10 (1.49-2.95)

2.28 (1.57-3.31)

2.31(1.57-3.41)

2.00 (1.33-3.02)

Amount/type of work
limitation

No history of head injury

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

History of head injury

2.05 (1.68-2.50)

2.21(1.77-2.74)

1.98 (1.61-2.44)

1.93 (1.37-2.73)

1.91 (1.34-2.72)

1.68 (1.14-2.49)

Walking limitation

No history of head injury

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

History of head injury

1.77 (1.30-2.40)

1.78 (1.30-2.44)

1.55 (1.12-2.13)

1.87 (1.19-2.95)

1.93 (1.18-3.14)

1.54 (0.97-2.45)

Memory and confusion
limitation

No history of head injury

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

1 (Reference)

History of head injury

2.76 (1.90-4.00)

3.05 (1.92-4.85)

2.61(1.63-4.17)

2.17 (1.56-3.03)

2.33(1.58-3.45)

1.89 (1.25-2.86)

Abbreviations: Cl = confidence interval; NHANES = National Health and Nutrition Examination Surveys; OR = odds ratio.
2Model 1: adjusted for age, sex, and race/ethnicity.
® Model 2: adjusted for all variables in model 1 + education, family income to poverty ratio, physical activity, alcohol consumption, smoking, and military

status.

¢Model 3: adjusted for all variables in model 2 + diabetes, hypertension, history of cardiovascular disease, history of stroke, depression, and history of sleep

disorder.

4 p Value for interaction by age <0.05.
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prevalence data, obtaining prevalence estimates ranging from
3.3 to 5.3 million individuals with prior head injury living with
disability.>” In studies from individual states (Ohio [partici-
pants >18 years of age] and Colorado [participants >16 years
of age]), the prevalence of disability ranged from 18% to
100%, depending on number of prior head injuries and injury
severity.”'”'? These studies defined head injury using the
Ohio State University TBI Identification Method survey
(with loss of consciousness)”'* and using ICD-9 codes (with
and without loss of consciousness).'® In a subset of patients
with mild traumatic brain injury (85% with loss of con-
sciousness) from the trauma center-based Transforming
Research and Clinical Knowledge in Traumatic Brain Injury
(TRACK-TBI) study (mean age of participants 41 years), the
prevalence of disability decreased over the first year after injury,
but a significant proportion of individuals still had disability in
work functioning (24%), social/leisure functioning (27%), and
ADL/IADL (4%) at 1 year after injury.® Several international
studies also have reported associations of head injury with
disability."*'® A population-based cohort study in Sweden
(participants 18-64 years of age) defining head injury (with or
without loss of consciousness) from hospital registers reported
that =44% of individuals with a history of head injury had at
least 1 disability 3 years after injury,lé and other studies from
France' (median age S0 years), Ontario, Canada (participants
>18 years of age),14 and Singapore'? (participants >60 years of
age) also reported increased disability among individuals with a
history of head injury (head injury defined by self-report of
injury-related harm or permanent sequelae due to a traumatic
brain injury’® and by self-reported questions about head injury
with loss of consciousness'>'*) compared to those without a
history of head injury. Similar to our study, the majority of prior
studies that used a self-reported head injury definition did not
have the information to report time between head injury and
disability ascertainment,”'*"* while studies using hospitaliza-
tion records typically did report time between head injury and
disability ascertainment.*'*'¢

Our results extend the existing literature by providing na-
tionally representative prevalence estimates from the United
States. The prevalence estimates from our study are higher
than much of what has been reported from extrapolated
modeling data (in which disability data were not primarily
collected)*” and from many state-representative or US
hospital/clinic-based studies™'*'> but are similar to preva-
lence estimates from Sweden'® and from the TRACK-TBI
Study (for domains of work limitation and social and leisure
activities).® Differences in the observed prevalence estimates
of head injury-associated disability likely reflect observed
differences in study methods used to define head injury and
differences in study populations (e.g, age of participants),
head injury severity, and length of time between head injury
and disability ascertainment. In addition, the definition of
disability is heterogeneous in the literature, and the distinc-
tion between disability and functional limitations is often
blurred. Overall, taking into account the impact of age on
disability, our estimates of disability are consistent both with
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prior NHANES publications using the same disability
2! and with other studies using data representa-
tive of the US population.*”*> What is consistent across all
studies on head injury and disability is that head injury is
associated with a significant burden of disability,*"'""*"'¢ and
the results of our study provide nationally representative es-
timates for the entire US population.

definitions®

In our study, we observed the highest age-adjusted prevalence of
disability among individuals with a history of head injury with
loss of consciousness in the categories of lower extremity mo-
bility, general physical activities, and amount or type of work
limitation domains, suggesting that mobility and work/job-
related functions are the most affected domains among indi-
viduals with a history of head injury. In contrast to lower ex-
tremity disability, upper extremity function, as assessed by
measured grip strength,23 was stronger among individuals with
head injury, which may be explained by the presence of other
chronic traumatic brain injury—related symptoms such as im-
paired balance and vestibular dysfunction/dizziness, which affect
lower extremity mobility more than upper extremity function.*®

In prespecified secondary analyses, we also examined associ-
ations between a history of head injury and disability stratified
by age (40-64 years vs >65 years) and found higher point
estimates in most physical functioning and functional limita-
tions domains among younger compared to older partici-
pants, although there was statistically significant evidence for
multiplicative interaction by age only in the associations of
head injury with disability in the IADL and lower extremity
mobility domains. Few studies on the relationship of head
injury with disability investigated differences in the associa-
tion by age, and those that did used different measures to
assess both head injury and disability/functioning, making
comparison across studies difficult. One study of participants
with an age distribution similar to that in the present study
found that younger individuals (<65 years of age) had greater
functional improvement (as assessed by the Glasgow Out-
come Scale-Extended) over the first year after injury com-
pared to older individuals (>65 years of age) after severe
traumatic brain injury.>* Other studies found no differences in
point estimates and no significant interaction by age in the
association of head injury with disability prevalence’ or
functional outcome (as assessed by the Glasgow Outcome
Scale—Extended).*

The use of a single self-reported question to ascertain head
injury with loss of consciousness is an important consider-
ation in the interpretation of the results of this study. This
specific head injury with loss of consciousness definition has
not been validated, but it has been reported previously,l’36 and
other self-reported definitions have been shown to be reliable
in assessing a history of head injury, even among individuals
with cognitive impairment.”” However, other studies have
shown that self-report of head injury may result in an
underreporting of head injury events (highly specific defini-
tion with lower sensitivity), which can lead to misclassification
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and underestimation of associations.*®** Self-reported defi-
nitions of head injury are valuable in large population-based
epidemiologic studies in which it may not be feasible to
perform a more detailed assessment. However, the use of this
definition is limited by the lack of detailed information on the
clinical presentation, severity, associated polytrauma, number
of head injuries, timing of head injury events, or the time
between head injury and disability assessment. Time between
head injury and participation in NHANES may influence the
recall of head injury events, whereby there may be selective
underascertainment of head injury among participants with
greater time between head injury and NHANES participation,
which is particularly relevant among older participants who
may have had more time between head injury and NHANES
participation than younger participants. Indeed, prior studies
have found that an increased time from head injury was as-
sociated with reduced recall.>® Other factors associated with
decreased recall of a prior head injury event include injury
occurring very early in childhood (i.e., during the time period
of childhood amnesia whereby adults are unable to retrieve
episodic memories occurring before the age of 2-4 years) and
milder injury severity.*® NHANES asked participants about
head injury with loss of consciousness, which represents a
more severe category of head injury than head injury without
loss of consciousness. It is plausible that recall for head injury
with loss of consciousness may be better than for head injury
without loss of consciousness due to the higher severity of
injury, although no comparative validation studies have been
performed. Furthermore, function and disability after head
injury also vary with time since head injury, whereby a higher
proportion of individuals with head injury have disability in
the first few months after injury compared to later time
points.® Because NHANES does not include institutionalized
persons (e.g., those in rehabilitation centers in the weeks/
months immediately after a head injury), the estimates
obtained in the present study may underestimate the full
burden of head injury-associated disability at any given time
point.

This study has several limitations that should be taken into
consideration in the interpretation of the results. First, the
cross-sectional study design of NHANES does not allow us to
draw conclusions regarding directionality or causality of the
observed associations. Second, head injury status was asked
only of participants >40 years of age; therefore, our estimates
are not representative of younger persons. Furthermore, our
study may underestimate the total head injury—associated dis-
ability in the United States because certain groups who may
have a higher burden of head injury and disability, including
active-duty military, nursing facility residents, homeless indi-
viduals, and prisoners, were not included in the survey. The use
of proxies to answer self-report questions allowed the inclusion
of participants with a history of more severe head injury or with
disability from other causes who are living at home semi-
independently but are not able to complete a self-assessment
without assistance. Strengths of our study include the large
sample size and the comprehensive data collection by trained

Neurology | Volume 97, Number 2 | July 13,2021

study personal. In addition, NHANES data provide nationally
representative estimates for the noninstitutionalized, civilian
US population.

We found that =11.4 million individuals, or 47.4% of all
noninstitutionalized, civilian individuals >40 years of age in
the United States, with a history of head injury are living with
disability in at least 1 domain of functioning. Although indi-
viduals with a history of head injury had greater disability
across multiple domains of physical functioning and func-
tional limitations compared to individuals without head in-
jury, individuals with a history of head injury had the highest
prevalence in domains of mobility and work functioning. The
significant burden of disability among individuals with a his-
tory of head injury in the United States suggests that research
into the long-term care and management of the sequelae of
head injury should be both a public health- and patient
care-related priority to improve outcomes and functioning
among individuals with head injury.
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