Journal of Neurotrauma

40:86-93 (January 2023) JOurnal Of

© Mary Ann Liebert, Inc.

DOI: 10.1089/neu.2022.0003 Neurotrauma

Open camera or QR reader and
scan code to access this article

ORIGINAL ARTICLE CLINICAL STUDIES

Traumatic Brain Injury and Risk of Long-Term
Nursing Home Entry among Older Adults:
An Analysis of Medicare Administrative Claims Data

M. Doyinsola Bailey, ™ Steven Gambert,? Ann Gruber-Baldini, Jack Guralnik; Rosemary Kozar?
Danya M. Qato,” Michelle Shardell] and Jennifer S. Albrecht’

Abstract

Traumatic brain injury (TBI) is a leading cause of injury-related disability among older adults, and there is
increasing interest in post-discharge management as this population grows. We evaluated the association
between TBI and long-term nursing home (NH) entry among a nationally representative sample of older
adults. We identified 207,355 adults aged >65 years who received a diagnosis of either a TBI, non-TBI
trauma, or were uninjured between January 2008 and June 2015 from a 5% sample of Medicare beneficia-
ries. The NH entry was operationalized as the first NH admission that resulted in a stay 2100 days. Time to
NH entry was calculated as the difference between the NH entry date and the index date (the date of TBI,
non-TBI trauma, or inpatient/outpatient visit in the uninjured group). We used cause-specific Cox propor-
tional hazards models with stabilized inverse probability of exposure weights to model time to NH entry
as a function of injury in the presence of death as a competing risk and generated hazard ratios (HR)
and 95% confidence intervals (Cl). After excluding beneficiaries living in a NH at index, there were
60,600 TBI, 63,762 non-TBI trauma, and 69,893 uninjured beneficiaries in the sample. In weighted models,
beneficiaries with TBI entered NHs at higher rates relative to the non-TBI trauma (HR 1.15; 95% Cl 1.10, 1.20)
and uninjured (HR 1.67; 95% Cl 1.60, 1.74) groups. Future research should focus on interventions to retain
older adult TBI survivors within the community.
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Introduction

Traumatic brain injury (TBI) is a major cause of death
and disability in the United States among older adults
aged 65 years and older,' with more than 600,000 sus-
taining a TBI in 2013 alone.” As a result of these injuries,
more than 123,000 older adults were hospitalized, and
21,000 died.> The incidence of TBI-related emergency
department visits, hospitalizations, and deaths is highest
among older adults®* and is increasing faster than

any other age group,” at a rate that exceeds their popu-
lation growth.* In addition to being at greater risk of
TBI, older adults experience higher morbidity and mor-
tality® compared with younger adults with similar TBI
severity.” !

After a TBI, older adults have slower recovery trajec-
tories'>'* and worse functional, cognitive, and psycho-
social outcomes post-injury.'*'>~'"" Among older adults,
a study of the year after TBI found that functional
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capacity declined steadily after injury, reaching a loss of
one activity of daily living (ADL) at 12 months.'® In ad-
dition, older adults with TBI have a heavier burden of
comorbid illness compared with those without TBI,'*~*!
which may complicate or impede recovery.

Poor functional recovery after an acute insult to the
brain can signal the end of independent living,**** partic-
ularly among older adults who may have decreased phys-
iological reserve.>+ Among survivors of acute TBI,
older age is associated with a lower likelihood of being
discharged home® and reduced community participation
post-injury.®® To date, however, no studies have exam-
ined the association between TBI and nursing home
(NH) entry among older adults.

The exceedingly high financial, personal, and social
costs of NH care have motivated interest in identify-
ing risk factors that are associated with long-term NH
entry. Given the increased emphasis on aging in place,
such information could inform rehabilitation and home
health policies. Thus, the objective of this study was
to estimate the risk of long-term NH placement associ-
ated with an isolated TBI in a nationally representative
sample of community-dwelling older Medicare benefi-
ciaries.

Methods

Data sources and study design

The data source for this retrospective cohort study was a
5% random sample of Medicare beneficiaries obtained
from the Centers for Medicare and Medicaid Services
(CMS) Chronic Conditions Warehouse (CCW) for years
2007-2015. These data contain longitudinal health en-
counter information on beneficiaries >65 years and indi-
viduals <65 years with end-stage renal disease (ESRD)
or recognized Social Security disabilities. There are
more than 55 million beneficiaries®’ (>98% of adults
aged 65 and over’®2%) enrolled in the Medicare program
today, making claims data nationally representative and
one of the richest sources of utilization information in
the country. It represents the Medicare-covered US pop-
ulation,?® a diverse mixture of race, ethnicities, and geo-
graphical regions across the United States.

To identify beneficiaries residing in NHs, Medicare
Part A data were linked to the Minimum Data Set 2.0
and 3.0 (MDS 2.0 and 3.0). The MDS is a federally man-
dated health status assessment of all Medicare/Medicaid
certified NH residents. It provides a comprehensive as-
sessment of each resident’s functional capabilities and
includes clinical assessments for residents at admis-
sion, discharge, quarterly, annually, and on any signifi-
cant change in health status. It also includes dates of all
assessments, admissions, and discharges.®® The merged
file of Medicare claims with the MDS consists of detailed
date-specific information, which allows for tracking NH
status monthly.

Coverage criteria

Continuous Medicare coverage was defined as having
full, uninterrupted Medicare Parts A, B, but no C (health
maintenance organization [HMO]) coverage. Participants
were required to have 12 months of continuous cover-
age before the index date (the date of TBI, non-TBI
trauma, or date of inpatient/outpatient visit in the unin-
jured group) and a minimum of three months of continu-
ous coverage after the index date. Participant follow-up
time continued if the continuous coverage criterion was
met, up to five years post-index date.

Study participants

Participants included community-dwelling beneficiaries
265 years of age, meeting coverage criteria, and with a
diagnosis of either a TBI, a non-TBI injury, or were un-
injured between January 2008 and June 2015. Beneficia-
ries already living in a NH were excluded. Participants
contributed follow-up time until the sooner of discontin-
ued enrollment, NH placement, death, September 30,
2015, or five years.

Exposure

The exposure in this study was injury status, classi-
fied into three mutually exclusive levels: TBI, non-TBI
trauma, and uninjured. We ensured that the injury groups
were independent by excluding persons who appeared in
more than one group. We chose to use only diagnoses
codes in the primary position of a claim, to eliminate ben-
eficiaries who may have had other more severe health
problems that could have altered their risk of NH place-
ment. Typically the location of claims can be indicative
of the severity of injury or health problem (in the unin-
jured cohort).

Comparison with the non-TBI trauma beneficiaries
will help disentangle the effect of an isolated TBI from
the effect of traumatic injury in general while comparison
with uninjured beneficiaries will provide an estimate of
the overall impact of TBI on NH entry compared with
the general population of Medicare beneficiaries.

TBIl. This exposure category consisted of beneficia-
ries with an isolated traumatic injury to the head. A
TBI was operationalized using the Centers for Disease
Control and Prevention case definition International Clas-
sification of Disease (ICD) codes often used in epidemi-
ologic studies.’'** We searched for the first claim for at
least one of the following International Classification of
Diseases (ICD) version 9, clinical modification (ICD-9-
CM) codes for concussion (850.xx), non-specific TBIs
(853.xx-854.1x), and other TBIs (800.xx, 801.xx, 803.xx,
804 .xx, 851.xx-852.x%, 950.1-950.3, 959.0) between Jan-
uary 2008 and June 2015 in the first position of inpatient
and outpatient claims.
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Non-TBI trauma. This exposure category consisted of
comparison beneficiaries with a traumatic injury, not in-
volving the head. Adopting codes from the Barell Injury
Diagnosis Matrix,>* we searched for the first claim for at
least one of the following ICD-9-CM codes for any of the
four major injury diagnoses: torso fractures (807.0x-4x,
808.xx, 809.xx) upper extremity fractures (810.xx-
818.xx), hip fractures (820.xx), and lower extremity frac-
tures (821.xx-827.xx) between January 2008 and June
2015 in the first position of inpatient and outpatient
claims. We randomly selected and frequency-matched
with the TBI group on index dates and inpatient and out-
patient claims.

Typically, less severe injuries are diagnosed in an
outpatient setting while more severe injuries are likely di-
agnosed in an inpatient setting. By matching on the distri-
bution of inpatient and outpatient claims, we attempted to
ensure a similar distribution of hospitalized and non-
hospitalized cases and, ultimately, injury or health prob-
lem severity. Our random sampling was conducted in a
stratified manner to ensure this.

Uninjured. The uninjured exposure category included a
random sample of inpatient and outpatient claims of ben-
eficiaries aged =65 years, meeting continuous coverage
criteria, and without a TBI or a non-TBI injury between
January 2008 and June 2015. Beneficiaries in this group
were selected randomly to have a frequency-matched
sample of the same size and with the same distribution
of inpatient and outpatient claims as the TBI group,
resulting in an equivalent distribution of index dates.

Outcome

The primary outcome was long-term NH entry. The NH
stays were identified based on the method described by
Intrator and associates®* and modified by Goodwin and
colleagues™ using Part A claims plus the MDS. We de-
fined long-term NH entry as the first NH admission that
resulted in a stay of 2100 days to distinguish admissions
for long-term care from admissions for short-term stays
that typically occur for rehabilitation (detailed in the Sup-
plementary Appendix). This definition is based on Medi-
care’s policy for reimbursement (short NH stays <100
days where skilled nursing care is needed are covered
by Medicare. However, Long stays =100 days are not
covered). Time to NH entry was calculated as the differ-
ence between the index date and the date of NH admis-
sion. Beneficiaries were right censored at the time of
death, at the end of follow-up, or study termination.

Covariates

Demographic, clinical characteristics, and original reason
for entitlement code were obtained from administrative
claims files. The CCW data also contain information on

27 common chronic comorbid conditions, with an annual
flag for each condition as well as the date of the first di-
agnosis for that condition, based on validated algorithms
that search for specific diagnostic codes within the CMS
administrative claims.’® We combined the five cancer
flags to create an ‘‘any cancer’’ variable and selected to
report the Alzheimer disease and related dementias flag
rather than the Alzheimer disease (only) flag. We used
the date of the first diagnosis to determine whether a con-
dition was present at the index date.

Statistical analysis

We compared the baseline distribution of demographic
and clinical variables by injury status, using either chi-
square goodness of fit for categorical variables and anal-
ysis of variance or Kruskal-Wallis tests for continuous
variables, as appropriate. We excluded all individuals
who were NH-dwelling pre-injury and used stabilized in-
verse probability of treatment weights (IPTW) to balance
covariates between exposure groups. We used a multi-
nomial logistic regression in which the outcome variable
was injury group and included the following as covariates
in the model: demographic variables such as age, sex, and
race; 27 common chronic conditions, and other variables
such as length of follow-up and original reason for Medi-
care entitlement.

Given our large sample size, all covariates differed sig-
nificantly across injury groups. We examined the balance
of observed covariates in the weighted sample by com-
puting standardized mean differences (the difference in
means between TBI and no-TBI (non-TBI trauma and un-
injured) groups divided by the overall standard deviation)
on pre- and post-matched samples, following published
guidelines.’” We used a cutoff of +0.03 for standardized
differences to identify covariates that could be further
adjusted for in the regression model as a form of doubly
robust estimation.**-

We quantified the effect of TBI on the risk of NH entry
in the presence of death as a competing risk using cause-
specific Cox proportional hazards models with stabilized
inverse probability weights to estimate the hazard ratio
(HR) of entering a NH, with 95% confidence intervals
(CIs). All analyses were performed with SAS Studio
Enterprise Edition 3.71 (SAS Institute, Cary, NC). This
study was approved by the Institutional Review Board
at the University of Maryland, Baltimore.

Results

Study cohort

Between January 2008 and June 2015, we identified
76,539 beneficiaries aged 65 years and older who had a
diagnosis of TBI and met continuous coverage criteria.
In the same period, we identified 201,698 trauma and
1,893,700 uninjured beneficiaries and randomly selected
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76,539 from each group. To ensure the groups were mu-
tually exclusive, we excluded 9514 (12%) of the TBI
group with a trauma diagnosis, 8860 (12%) of the trauma
group with a TBI diagnosis, and 5066 (7%) of the unin-
jured group with a TBI/trauma diagnosis. At baseline,
13,100 (6%) of the sample (11% of those with TBI, 6%
of those with trauma, and 2% of the uninjured group)
were living in a NH and were excluded from analyses.
Our final cohort contained 194,225 beneficiaries
(60,600 with TBI, 63,762 with trauma, and 69,893 unin-
jured) who were predominantly female (69%) and white
(86%) with an average age of 77.0 years (standard devi-
ation [SD] 8.6; Table 1). As presented in Table 1, those
with TBI were older (80.4 years [SD 8.1] vs. 78.1 [SD
8.2]) for non-TBI trauma and 71.8 [SD 7.2] years in the
uninjured, p <0.001) and had a higher burden of comor-
bidities. For example, those with TBI were significantly
more likely to have hypertension (90% vs. 83% and

65%), hyperlipidemia (83% vs. 78% and 62%), ischemic
heart disease (64% vs. 52% and 28%), and diabetes (42%
vs. 35% and 25%) (p <0.001 for all).

NH entry

Of those in the TBI group who were community dwell-
ing at baseline, 19,064 (35%) were censored because
of death, compared with 13,957 (24%) and 7615 (11%)
of the trauma and uninjured groups, respectively (p<
0.001). Those with a TBI were more likely to enter a
NH during the five-year follow-up (9% vs. 7% and 2%,
p<0.001). The median time to NH entry was shorter
for the trauma group, 159 days (interquartile range
[IQR] 763 days), than for the TBI and uninjured groups,
274 days (IQR 709 days) and 388 days (IQR 1011 days)
(Table 2). Median follow-up time was shorter in the TBI
group versus the control groups (p <0.001).

Table 1. Baseline Characteristics of Community-Dwelling Medicare Beneficiaries >65 Years, by Injury Type

(2008-2015), (n=194,225)

Trauma Uninjured
Total n=194,225 TBI n=60,600 n=63,762 n=69,893 p

Patient characteristics

Age (years), mean (SD) 76.5 (8.6) 80.4 (8.1) 78.1 (8.2) 71.8 (7.2) < 0.001

Sex, n (%) < 0.001
Female 134,575 (69) 20,007 (33) 17,167 (27) 22,506 (32)
Male 59,680 (31) 40,593 (67) 46,595 (73) 47,387 (68)

Race, n (%) < 0.001
White, non-Hispanic 166,152 (86) 52,366 (86) 56,525 (89) 57,261 (82)
Black 11,785 (6) 3404 (6) 2890 (5) 5491 (8)
Hispanic 9450 (5) 2906 (5) 2685 (4) 3859 (6)
Asian/Pacific Islander 3920 (2) 1216 (2) 894 (1) 1810 (3)
American Indian/Alaska Native 951 (<1) 303 (<1) 350 (<1) 298 (<1)
Other 1,112 (<1) 308 (<1) 290 (<1) 514 (<1)
Unknown 885 (<1) 97 (<1) 128 (<1) 660 (<1)

Original Reason for Medicare Entitlement, n (%) < 0.001
Old Age and Survivors Insurance (OASI) 177,440 (91) 54,234 (90) 57,332 (90) 65,874 (94)
Disability Insurance Benefits (DIB) 16,430 (8) 6222 (10) 6269 (10) 3939 (6)
Other 385 (<1) 144 (<1) 161 (<1) 80 (<1)

Clinical characteristics & comorbidities
Alzheimer disease and related dementias 33,323 (17) 18,203 (30) 11,193 (18) 3927 (6) < 0.001
Acute myocardial infarction 9042 (5) 4465 (7) 3437 (5) ,140 (2) < 0.001
Anemia (ever) 100,096 (52) 42,005 (69) 37,108 (58) 20,983 (30) < 0.001
Asthma (ever) 24,078 (12) 9972 (16) 9127 (14) 4979 (7) < 0.001
Atrial fibrillation 31,332 (16) 15,610 (26) 11,057 (17) 4665 (7) < 0.001
Cataracts 128,299 (66) 48,143 (79) 47,277 (74) 32,879 (47) < 0.001
Congestive heart failure 52,943 (27) 24,889 (41) 19,634 (31) 8420 (12) < 0.001
Chronic kidney disease 41,079 (21) 19,215 (32) 15,049 (24) 6815 (10) < 0.001
All cancers 30,297 (16) 11,740 (19) 11,017 (17) 7540 (11) < 0.001
Chronic obstructive pulmonary disease 49,164 (25) 20,721 (34) 19,261 (30) 9182 (13) < 0.001
Depression 60,318 (31) 26,607 (44) 22,024 (35) 11,687 (31) < 0.001
Diabetes 65,517 (34) 25,459 (42) 22,509 (35) 17,549 (25) < 0.001
Glaucoma 44,536 (23) 17,264 (29) 15,829 (25) 11,443 (16) < 0.001
Hip/pelvic fracture 7443 (4) 4304 (7) 2140 (3) 999 (1) < 0.001
Hyperlipidemia (ever) 143,843 (74) 50,477 (83) 49,870 (78) 43,496 (62) < 0.001
Benign prostatic hyperplasia (ever) 26,150 (13) 11,480 (19) 8333 (13) 6337 (9) < 0.001
Hypertension (ever) 152,338 (78) 54,330 (90) 52,857 (83) 45,151 (65) < 0.001
Acquired hypothyroidism (ever) 52,240 (27) 20,475 (34) 18,912 (30) 12,853 (18) < 0.001
Ischemic heart disease 92,325 (48) 39,065 (64) 33,469 (52) 19,791 (28) < 0.001
Osteoporosis 51,031 (26) 19,832 (33) 21,413 (34) 9786 (14) < 0.001
Rheumatoid arthritis/osteoarthritis 105,366 (54) 42,487 (70) 39,453 (62) 23,426 (34) < 0.001
Stroke/transient ischemic attack 32,493 (17) 16,628 (270 11,509 (18) 4356 (6) < 0.001

TBI, traumatic brain injury; SD, standard deviation.
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Table 2. Outcomes of Community-Dwelling Medicare Beneficiaries >65 Years, by Injury Type (2008-2015), (n=194,225)

Trauma Uninjured
Total n=194,225 TBI n=60,600 n=63,762 n=69,893 p
Nursing home (NH) entry
Deaths before NH entry, n (%) 33,021 (16) 19,064 (35) 13,957 (24) 7615 (11) < 0.001
Incident NH entry, n (%) 12,276 (6) 6108 (9) 4740 (7) 1428 (2) < 0.001
Time to NH entry (days), median (IQR) 246 (769) 274 (709) 159 (763) 388 (1011) < 0.001
Follow-up (months), mean (SD) 40 (25) 35 (24) 40 (25) 44 (25) < 0.001

TBI, traumatic brain injury; IQR, interquartile range’ SD, standard deviation.

Table 3 presents the results of Cox proportional hazard
models to evaluate the relation of TBI with NH entry. In
the unadjusted model, we observed a higher risk of NH
entry in the TBI group compared with the trauma
(HR 1.47; 95% CI 1.42, 1.53) and uninjured groups
(HR 5.91;95% C1 5.57, 6.26). After adjusting for covari-
ates, we still observed a significantly higher risk of NH
entry in the TBI group compared with both the trauma
(HR 1.15; 95% CI 1.10, 1.20) and uninjured (HR 1.67;
95% CI 1.60, 1.74) groups (Table 3).

Discussion

This is the first study to report on long-term NH home
placement after TBI in a large, nationally representative
sample of community-dwelling older adults enrolled in
Medicare. In our study, TBI was associated with a 15—
67% increased risk of NH entry among community-
dwelling Medicare beneficiaries compared with those
with non-TBI trauma and with uninjured beneficiaries.
Among those with TBI, the five-year cumulative inci-
dence of NH entry was 9%, which was higher than
those with non-TBI trauma and the uninjured. Among
beneficiaries with TBI, the median time to NH placement
was 274 days (Table 2), suggesting that individuals with
TBI may have been community dwelling for a period of
time before entering the NH. Without additional informa-
tion on discharge date and destination, however, we were
unable to assess this further.

Aging results in a progressive decline in molecular and
cellular function*” that leads to a limited physiological
reserve and a higher comorbidity burden.”>**' Consistent
with other research,'**** our findings indicated that
those with TBI had a higher comorbidity burden before
their injury, even when compared with older adults
with non-TBI trauma. In our study sample, those with
TBI were more likely to have diabetes, high blood pres-
sure, cancer, and stroke, risk factors for NH admission.**
Although the three exposure groups were balanced on
these covariates in weighted regression analyses, residual
confounding because of unequal burden of comorbidity
between groups was still possible.

Time to NH entry was also much shorter in the trauma
cohort, suggesting that NH admissions after a TBI come
after a period of declining health while admissions after
trauma may be more immediate. This could potentially

be because most cases of TBI among those over 65
years are mild,* but without the documentation of injury
severity in claims data, we were unable to assess this
further.

The long-term sequelae of TBI include both cognitive
and functional impairment, some of the strongest predic-
tors of NH admission among older adults.** Although the
association between TBI and NH placement has not been
well studied among older adults, falls have been reported
to result in declines in function, both from physical injury
and the loss of confidence in the ability to perform func-
tional activities,*® ultimately increasing the risk of NH
admission.***’

Falls are the most prevalent mechanism of TBI? and
also the primary cause of hip fractures among the elderly
(95%).48 Hip fracture results in significant increases in
disability and nursing home admission compared with
age-matched controls.*° In 2008, one study reported
that 35% of older adult hip fracture patients were placed
in long-term NH care within one year post-fracture.’!
Another study of older adult hip fracture patients reports
that 33% became permanent skilled nursing facility resi-
dents.’* The findings from this our study, which are spe-
cific to older adult TBI survivors, report a five-year
cumulative incidence of NH placement of 9%, much
lower than that reported after hip fracture. Hip fracture
usually requires surgery and causes an immediate drop
in mobility whereas TBI generally does not.

Table 3. Cox Regression Analyses of Time to Nursing Home
Entry with Death as a Competing Event, among Medicare
Beneficiaries >65 Years (2008-2015), (n=194,255)

Hazard Ratio (95% Cl)

Adjusted

Weighted (some

Unadjusted Weighted covariates®)

Non-TBI Reference Reference Reference

trauma

TBI 1.47 (1.42, 1.53) 1.18 (1.13, 1.23) 1.15 (1.10, 1.20)

Uninjured Reference Reference Reference
TBI 5.91 (5.57, 6.29) 1.40 (1.34, 1.46) 1.67 (1.60, 1.74)

CI, confidence interval; TBI, traumatic brain injury.

“Adjusted for age, Alzheimer disease and related dementias, atrial fibril-
lation, congestive heart failure and stroke/transient ischemic attack (cova-
riates with standardized differences £0.03).
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Older adults with stroke are perhaps most similar to
those with TBI with regard to cognitive impairment. In
2018, Blackburn and coworkers™ characterized long-
term NH placement after stroke among older adult Medi-
care beneficiaries. They reported that within 5 years of
stroke, 119 (21.3%) participants had been placed in a
nursing home.”” Lifestyle-related factors such as diabetes
and hypertension have also been reported as important
predictors of long-term NH admission among middle-
aged and older adults.>* In our study, those with TBI
were significantly more likely than the other groups to
have diabetes and hypertension at baseline, increasing
their risk of NH placement even before the TBI.
Although imbalances in the distribution of these comor-
bidities and covariates were accounted for using IPTW,
there still remains a potential for residual confounding.

There are limitations to the current study. This was a
secondary analysis of administrative claims data from
2008-2015. Although we had data for years 2016 and
2017 available to us, we chose to only use data before
the switch from ICD-9 to ICD10 coding. Although
more recent data are preferable, given the lack of litera-
ture on this topic, we believe the data can still provide
an estimate of the risk of long-term NH placement asso-
ciated with having a TBI. At the very least, estimates
from this study can serve as a historical reference for
comparison when current data become available.

Administrative claims data lack documentation of the
occurrence of previous head injuries or of traditional
measures of TBI severity (Glasgow Coma Scale Score,
Abbreviated Injury Score), which likely have a large im-
pact on NH placement. These are certainly important fac-
tors that impact NH placement and that would be
important factors to control for in future studies. In addi-
tion, this study lacks contextual factors such as so-
cial/family support that have been associated with a
10-50% decreased likelihood of NH admission among
older adults in the general population.>

Previous studies in younger populations suggest that
home- and community-based services can substitute for
long-term NH for some individuals.’® For example, the
availability of home- and community-based services is
negatively associated with the rate of NH admissions
among young adults and the presence of NH residents
with low-care needs.’®”’ The extent to which home-
and community-based services can reduce NH placement
among older survivors of TBI should be explored in fu-
ture studies. It is unlikely, however, that social/family
support and home- and community-based services are
distributed so differently in the three groups studied
that they can explain differential NH admissions.

It is worth noting that we excluded beneficiaries with
multiple injuries, which may underestimate the true effect
size. This is less of a concern, however, among older adults
who are less likely to have multiple injuries than younger

persons. Last, administrative claims data are collected for
billing and reimbursement purposes. Therefore, the assess-
ment of all measures is dependent on documentation.

This is the largest study of which we are aware report-
ing estimates of long-term NH placement after TBI
among older adults. As such, it can serve as a baseline
reference for future studies and inform the development
and improvement of post-discharge care services and pol-
icies. This is significant because it provides critical infor-
mation on an important recovery outcome after TBI. In
addition, our nationally representative dataset had an av-
erage follow-up duration of 3.3 years, and the use of a
non-TBI trauma injury and an uninjured control group
allowed us to disentangle the separate effects of trauma
and TBI. Finally, data on NH admission were collected
monthly, allowing us to determine dates of admission
and length of stay more accurately.

Older adults with a TBI have a 15-67% increased risk
of NH entry. Future research is needed to understand the
rehabilitation needs of older adults with TBI so that re-
sources can be directed toward keeping older adults in
community settings.

Transparency, Rigor, and Reproducibility
Summary

We have taken several steps to mitigate bias and ensure that
results from this study are robust and reproducible. To iden-
tify TBI in Medicare administrative claims, we used the
Centers for Disease Control and Prevention case definition.
We adopted diagnosis codes from the Barell Injury Diagno-
sis Matrix to identify non-TBI trauma injuries. Nursing
home stays were identified based on a validated algorithm
described by Intrator et al. Chronic diseases were identified
from the claims based on validated algorithms that search
for specific diagnostic codes. Requiring continuous enroll-
ment during the study period ensured that all events of inter-
est were captured. We examined the balance of observed
covariates in the weighted sample by computing standar-
dized mean differences (the difference in means between
TBI and no-TBI (non-TBI trauma and uninjured) groups
divided by the overall standard deviation) on pre- and
post-matched samples, following published guidelines.
We further adjusted for covariates with standardized differ-
ences greater than £0.03 in the regression model as a form
of doubly robust estimation.

Authors’ Contributions

MDB: Conceptualization (lead); Methodology (lead);
Data curation (lead); Formal analysis (lead); writing—
original draft (lead); writing—review and editing (equal).
SG: Methodology (supporting); writing—review and edit-
ing (equal). AG: Methodology (supporting); writing—
review and editing (equal). JG: Methodology (supporting);
writing-review and editing (equal). RK: Methodology
(supporting); writing—review and editing (equal). DQ:



92

BAILEY ET AL.

Methodology (supporting); writing—review and editing
(equal). MS: Methodology (supporting); writing—review
and editing (equal). JSA: Conceptualization (Supporting);
Methodology (supporting); writing—original draft (sup-
porting); writing-review and editing (equal).

Funding Information

MDB and JSA’s institution has received research
funding from the American Academy of Sleep Medi-
cine Foundation.

Author Disclosure Statement
No competing financial interests exist.

Supplementary Material
Supplementary Appendix

References

1.

Centers for Disease Control and Prevention. Surveillance Report of Trau-
matic Brain Injury-Related Emergency Department Visits, Hospitaliza-
tions, and Deaths—United States, 2014. Centers for Disease Control and
Prevention, U.S. Department of Health and Human Services: Atlanta,
GA; 2017.

. Taylor CA, Bell JM, Breiding MJ, et al. Traumatic brain injury-related

emergency department visits, hospitalizations, and deaths — United
States, 2007 and 2013. MMWR Surveill Summ 2017;66(9):1-16;
doi: 10.15585/mmwr.ss6609a1.

. Gardner RC, Dams-O'Connor K, Morrissey MR, et al. Geriatric traumatic

brain injury: epidemiology, outcomes, knowledge gaps, and future di-
rections. J Neurotrauma 2018;35(7):889-906; doi: 10.1089/neu.2017.5371.

. Faul M, Xu L, Wald M, et al. Traumatic brain injury in the United States:

Emergency Department Visits, Hospitalizations and Deaths 2002-2006.
Centers for Disease Control and Prevention, National Center for Injury
Prevention and Control: Atlanta, GA; 2010.

. Dams-O'Connor K, Cuthbert JP, Whyte J, et al. Traumatic brain injury

among older adults at level | and Il trauma centers. J Neurotrauma
2013;30(24):2001-2013; doi: 10.1089/neu.2013.3047.

. Albrecht JS, Al Kibria GM, Greene CR, et al. Post-discharge mortality of

older adults with traumatic brain injury or other trauma. J Am Geriatr
Soc 2019;67(11):2382-2386; doi: 10.1111/jgs.16098.

. Dams-O'Connor K, Gibbons LE, Bowen JD, et al. Risk for late-life re-injury,

dementia and death among individuals with traumatic brain injury: a
population-based study. J Neurol Neurosurg Psychiatry 2013;84(2):
177-182; doi: 10.1136/jnnp-2012-303938.

. Ramanathan DM, McWilliams N, Schatz P, et al. Epidemiological shifts

in elderly traumatic brain injury: 18-year trends in Pennsylvania.
J Neurotrauma 2012;29(7):1371-1378; doi: 10.1089/neu.2011.2197.

. McIntyre A, Mehta S, Aubut J, et al. Mortality among older adults after a

traumatic brain injury: a meta-analysis. Brain Inj 2013;27(1):31-40;
doi: 10.3109/02699052.2012.700086.

. Coronado VG, Thomas KE, Sattin RW, et al. The CDC traumatic brain injury

surveillance system: characteristics of persons aged 65 years and older
hospitalized with a TBI. J Head Trauma Rehabil 2005;20(3):215-228;
doi: 10.1097/00001199-200505000-00005.

. Mosenthal AC, Lavery RF, Addis M, et al. Isolated traumatic brain injury:

age is an independent predictor of mortality and early outcome: J
Trauma 2002;52(5):907-911; doi: 10.1097/00005373-200205000-00015.

. Mosenthal AC, Livingston DH, Lavery RF, et al. The effect of age on

functional outcome in mild traumatic brain injury: 6-month report
of a prospective multicenter trial: J Trauma 2004;56(5):1042-1048;
doi: 10.1097/01.ta.0000127767.83267.33.

. Cifu DX, Kreutzer JS, Marwitz JH, et al. Functional outcomes of older

adults with traumatic brain injury: a prospective, multicenter analysis.
Arch Phys Med Rehabil 1996;77(9):883-888; doi: 10.1016/50003-
9993(96)90274-9.

. Frankel JE, Marwitz JH, Cifu DX, et al. A follow-up study of older adults

with traumatic brain injury: taking into account decreasing length of
stay. Arch Phys Med Rehabil 2006;87(1):57-62; doi: 10.1016/j.apmr
.2005.07.309.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32

33.

34.

35.

36.

37.

. Thompson HJ, McCormick WC, Kagan SH. Traumatic brain injury in older

adults: epidemiology, outcomes, and future implications. J Am Geriatr
Soc 2006;54(10):1590-1595; doi: 10.1111/j.1532-5415.2006.00894 x.

. Rapoport MJ, Feinstein A. Age and functioning after mild traumatic brain

injury: the acute picture. Brain Inj 2001;15(10):857-864; doi: 10.1080/
02699050110065303.

. Kornblith ES, Langa KM, Yaffe K, et al. Physical and Functional impair-

ment among older adults with a history of traumatic brain injury.
J Head Trauma Rehabil 2020;35(4):E320-E329; doi: 10.1097/
HTR.0000000000000552.

. Kelley-Quon L, Min L, Morley E, et al. Functional status after injury: a

longitudinal study of geriatric trauma. Am Surg 2010;76(10):1055-1058.

. Albrecht JS, Wickwire EM. Sleep disturbances among older adults fol-

lowing traumatic brain injury. Int Rev Psychiatry 2020;32(1):31-38;

doi: 10.1080/09540261.2019.1656176.

Albrecht JS, Barbour L, Abariga SA, et al. Risk of depression after traumatic
brain injury in a large national sample. J Neurotrauma 2019;36(2):300—
307; doi: 10.1089/neu.2017.5608.

Albrecht JS, Peters ME, Smith GS, et al. Anxiety and posttraumatic stress
disorder among Medicare beneficiaries after traumatic brain injury.

J Head Trauma Rehabil 2017;32(3):178-184; doi: 10.1097/HTR
.0000000000000266.

Utomo WK, Gabbe BJ, Simpson PM, et al. Predictors of in-hospital
mortality and 6-month functional outcomes in older adults after
moderate to severe traumatic brain injury. Injury 2009;40(9):973-977;
doi: 10.1016/j.injury.2009.05.034.

Hukkelhoven CWPM, Steyerberg EW, Rampen AJJ, et al. Patient age and
outcome following severe traumatic brain injury: an analysis of 5600
patients. J Neurosurg 2003;99(4):666-673; doi: 10.3171/jns.2003
.99.4.0666.

Clegg A, Young J, lliffe S, et al. Frailty in elderly people. Lancet
2013;381(9868):752-762; doi: 10.1016/50140-6736(12)62167-9.
Rockwood K, Mitnitski A. Frailty defined by deficit accumulation and
geriatric medicine defined by frailty. Clin Geriatr Med 2011;27(1):17-26;
doi: 10.1016/j.cger.2010.08.008.

Erler KS, Whiteneck GG, Juengst SB, et al. Predicting the trajectory of
participation after traumatic brain injury: a longitudinal analysis. J Head
Trauma Rehabil 2018;33(4):257-265; doi: 10.1097/HTR.0000000000000383.
On Its 50th Anniversary, more than 55 Million Americans covered by
Medicare | CMS. n.d. Available from: https://www.cms.gov/newsroom/
press-releases/its-50th-anniversary-more-55-million-americans-
covered-medicare [Last accessed: 8/16/2019].

Virnig B, Parsons H. Strengths and limitations of CMS administrative data
in research | ResDAC. n.d. Available from: https://www.resdac.org/
articles/strengths-and-limitations-cms-administrative-data-research

[Last accessed: 8/16/2019].

Health Care Financing Administration. Medicare 2000: 35 Years of
Improving Americans’ Health and Security. Washington, DC; 2000.

MDS 3.0 Frequency Report | CMS. n.d. Available from: https://www.cms
.gov/Research-Statistics-Data-and-Systems/Computer-Data-and-
Systems/Minimum-Data-Set-3-0-Public-Reports/Minimum-Data-Set-3-
0-Frequency-Report [Last accessed: 11/3/2021].

Carroll CP, Cochran JA, Guse CE, et al. Are we underestimating the burden
of traumatic brain injury? surveillance of severe traumatic brain injury
using Centers for Disease Control International Classification of Disease,
Ninth Revision, clinical modification, traumatic brain injury codes.
Neurosurgery 2012;71(6):1064-1070; discussion 1070; doi: 10.1227/
NEU.0b013e31826f7c16.

St Germaine-Smith C, Metcalfe A, Pringsheim T, et al. Recommendations
for optimal ICD codes to study neurologic conditions: a systematic
review. Neurology 2012;79(10):1049-1055; doi: 10.1212/WNL
.0b013e3182684707.

Barell V, Aharonson-Daniel L, Fingerhut L, et al. An introduction to the
Barell body region by nature of injury diagnosis matrix. Inj Prev
2002;8(2):91-96; doi: 10.1136/ip.8.2.91.

Intrator O, Hiris J, Berg K, et al. The residential history file: studying
nursing home residents’ long-term care histories. Health Serv Res
2011;46(1 Pt 1):120-137; doi: 10.1111/j.1475-6773.2010.01194 x.
Goodwin JS, Li S, Zhou J, et al. Comparison of methods to identify long
term care nursing home residence with administrative data. BMC
Health Serv Res 2017;17(1):376; doi: 10.1186/512913-017-2318-9.

About Chronic Condition Data Warehouse - Chronic Conditions Data
Warehouse. n.d. Available from: https://www?2.ccwdata.org/web/guest/
about-ccw [Last accessed: 10/20/2021].

Hulbert E, Brekke L. A SAS® macro to evaluate balance after propensity
score matching. n.d.;12.


https://www.cms.gov/newsroom/press-releases/its-50th-anniversary-more-55-million-americans-covered-medicare
https://www.cms.gov/newsroom/press-releases/its-50th-anniversary-more-55-million-americans-covered-medicare
https://www.cms.gov/newsroom/press-releases/its-50th-anniversary-more-55-million-americans-covered-medicare
https://www.resdac.org/articles/strengths-and-limitations-cms-administrative-data-research
https://www.resdac.org/articles/strengths-and-limitations-cms-administrative-data-research
https://www.cms.gov/Research-Statistics-Data-and-Systems/Computer-Data-and-Systems/Minimum-Data-Set-3-0-Public-Reports/Minimum-Data-Set-3-0-Frequency-Report
https://www.cms.gov/Research-Statistics-Data-and-Systems/Computer-Data-and-Systems/Minimum-Data-Set-3-0-Public-Reports/Minimum-Data-Set-3-0-Frequency-Report
https://www.cms.gov/Research-Statistics-Data-and-Systems/Computer-Data-and-Systems/Minimum-Data-Set-3-0-Public-Reports/Minimum-Data-Set-3-0-Frequency-Report
https://www.cms.gov/Research-Statistics-Data-and-Systems/Computer-Data-and-Systems/Minimum-Data-Set-3-0-Public-Reports/Minimum-Data-Set-3-0-Frequency-Report
https://www2.ccwdata.org/web/guest/about-ccw
https://www2.ccwdata.org/web/guest/about-ccw

NURSING HOME PLACEMENT AFTER TBI IN OLDER ADULTS

23

38.

39.

40.

41.

42.

43,

44,

45.

46.

47.

48.

Robins JM, Rotnitzky A, Zhao LP. Estimation of regression coefficients
when some regressors are not always observed. J Am Stat Assoc
1994;89(427):846-866; doi: 10.1080/01621459.1994.10476818.

Funk MJ, Westreich D, Wiesen C, et al. Doubly robust estimation of causal
effects. Am J Epidemiol 2011;173(7):761-767; doi: 10.1093/aje/kwq439.
Kirkwood TBL. Understanding the odd science of aging. Cell 2005;
120(4):437-447; doi: 10.1016/j.cell.2005.01.027.

Dams-O’Connor K, Gibbons LE, Landau A, et al. Health problems precede
traumatic brain injury in older adults. J Am Geriatr Soc 2016;64(4):844-
848; doi: 10.1111/jgs.14014.

Kumar RG, Ketchum JM, Corrigan JD, et al. The longitudinal effects of
comorbid health burden on functional outcomes for adults with
moderate to severe traumatic brain injury. J Head Trauma Rehabil
2020;35(4):E372-E381; doi: 10.1097/HTR.0000000000000572.

Selassie AW, McCarthy ML, Ferguson PL, et al. Risk of posthospitalization
mortality among persons with traumatic brain injury, South Carolina
1999-2001: J Head Trauma Rehabil 2005;20(3):257-269; doi: 10.1097/
00001199-200505000-00008.

Gaugler JE, Duval S, Anderson KA, et al. Predicting nursing home ad-
mission in the U.S: meta-analysis. BMC Geriatr 2007;7(1):13; doi:
10.1186/1471-2318-7-13.

Styrke J, Stalnacke BM, Sojka P, et al. Traumatic brain injuries in a
well-defined population: epidemiological aspects and severity.

J Neurotrauma 2007;24(9):1425-1436; doi: 10.1089/neu.2007.0266.
Tinetti ME, De Leon CFM, Doucette JT, et al. Fear of falling and fall-related
efficacy in relationship to functioning among community-living elders.

J Gerontol 1994;49(3):M140-M147; doi: 10.1093/geron;j/49.3.M140.
Tinetti ME, Williams CS. Falls, injuries due to falls, and the risk of admission
to a nursing home. N Engl J Med 1997;337(18):1279-1284; doi: 10.1056/
NEJM199710303371806.

Parkkari J, Kannus P, Palvanen M, et al. Majority of hip fractures occur as
a result of a fall and impact on the greater trochanter of the femur:

a prospective controlled hip fracture study with 206 consecutive

49.

50.

51.

52.

53.

54,

55.

56.

57.

patients. Calcif Tissue Int 1999;65(3):183-187; doi: 10.1007/
5002239900679.

Leibson CL, Tosteson ANA, Gabriel SE, et al. Mortality, disability, and
nursing home use for persons with and without hip fracture: a
population-based study. J Am Geriatr Soc 2002;50(10):1644-1650;

doi: 10.1046/j.1532-5415.2002.50455 X.

Abraham DS, Barr E, Ostir GV, et al. Residual disability, mortality,

and nursing home placement after hip fracture over 2 decades. Arch
Phys Med Rehabil 2019;100(5):874-882; doi: 10.1016/j.apmr.2018
.10.008.

Becker DJ, Arora T, Kilgore ML, et al. Trends in the utilization and out-
comes of Medicare patients hospitalized for hip fracture, 2000-2008.

J Aging Health 2014;26(3):360-379; doi: 10.1177/0898264313516994.
Bonar SK, Tinetti ME, Speechley M, et al. Factors associated with short-
versus long-term skilled nursing facility placement among community-
living hip fracture patients. J Am Geriatr Soc 1990;38(10):1139-1144;
doi: 10.1111/j.1532-5415.1990.tb01378.x.

Blackburn J, Albright KC, Haley WE, et al. Men lacking a caregiver have
greater risk of long-term nursing home placement after stroke. J Am
Geriatr Soc 2018;66(1):133-139; doi: 10.1111/jgs.15166.

Valiyeva E, Russell LB, Miller JE, et al. Lifestyle-related risk factors and risk
of future nursing home admission. Arch Intern Med 2006;166(9):985-
990; doi: 10.1001/archinte.166.9.985.

Luppa M, Luck T, Weyerer S, et al. Gender differences in predictors of
nursing home placement in the elderly: a systematic review. Int Psy-
chogeriatr 2009;21(6):1015-1025; doi: 10.1017/S1041610209990238.
Thomas KS, Keohane L, Mor V. Local Medicaid home- and community-
based services spending and nursing home admissions of younger
adults. Am J Public Health 2014;104(11):e15-e17; doi: 10.2105/
AJPH.2014.302144.

Mor V, Zinn J, Gozalo P, et al. Prospects for transferring nursing home
residents to the community. Health Aff Proj Hope 2007;26(6):1762-
1771; doi: 10.1377/hlthaff.26.6.1762.



