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IMPORTANCE Older adults are disproportionately affected by trauma and accounted for 47%
of trauma fatalities in 2016. In many populations and disease processes, described risk factors
for poor clinical outcomes include sarcopenia and brain atrophy, but these remain to be fully
characterized in older trauma patients. Sarcopenia and brain atrophy may be
opportunistically evaluated via head computed tomography, which is often performed during
the initial trauma evaluation.

OBJECTIVE To investigate the association of masseter sarcopenia and brain atrophy with
1-year mortality among trauma patients older than 65 years by using opportunistic computed
tomography imaging.

DESIGN, SETTING, AND PARTICIPANTS This retrospective cohort study was conducted in a
level 1 trauma center from January 1, 2011, to December 31, 2014, with a 1-year follow-up to
assess mortality. Washington state residents 65 years or older who were admitted to the
trauma intensive care unit with a head Abbreviated Injury Scale score of less than 3 were
eligible. Patients with incomplete data and death within 1 day of admission were excluded.
Data analysis was completed from June 2017 to October 2018.

EXPOSURES Masseter muscle cross-sectional area and brain atrophy index were measured
using a standard clinical Picture Archiving and Communication System application to assess
for sarcopenia and brain atrophy, respectively.

MAIN OUTCOMES AND MEASURES Primary outcome was 1-year mortality. Secondary
outcomes were discharge disposition and 30-day mortality.

RESULTS The study cohort included 327 patients; 72 (22.0%) had sarcopenia only, 71 (21.7%)
had brain atrophy only, 92 (28.1%) had both, and 92 (28.1%) had neither. The mean (SD) age
was 77.8 (8.6) years, and 159 patients (48.6%) were women. After adjustment for age,
comorbidity, complications, and injury characteristics, masseter sarcopenia and brain atrophy
were both independently and cumulatively associated with mortality (masseter muscle
cross-sectional area per SD less than the mean: hazard ratio, 2.0 [95% CI, 1.2-3.1]; P = .005;
brain atrophy index per SD greater than the mean: hazard ratio, 2.0 [95% CI, 1.1-3.5]; P = .02).

CONCLUSIONS AND RELEVANCE Masseter muscle sarcopenia and brain atrophy were
independently and cumulatively associated with 1-year mortality in older trauma patients
after adjustment for other clinical factors. These radiologic indicators are easily measured
opportunistically through standard imaging software. The results can potentially guide
conversations regarding prognosis and interventions with patients and their families.
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I n 2016, older adults accounted for 31% of trauma inci-
dents and 47% of trauma-associated deaths in the United
States.1 Additionally, older adults who survive acute hos-

pitalization are more likely to be discharged to nonindepen-
dent living facilities.2,3 Multiple investigations have identi-
fied frailty, a geriatric syndrome generally defined by loss of
physiologic reserve,4-6 as a contributing factor in adverse out-
comes in older trauma patients.7-10 National guidelines from
multiple collaborative organizations, including the American
Geriatrics Society, American College of Surgeons, and Ameri-
can College of Emergency Medicine, recommend frailty screen-
ing in preoperative and emergency settings alike.11,12 Yet, there
is no universally agreed-on frailty assessment tool to estab-
lish the diagnosis in the trauma setting, in which checklists,
questionnaires, or functional tests are often not practical.4,13

Given the multidimensional nature of frailty and its implica-
tions for older adults who sustain trauma, a significant void
in pragmatic, rapid, and actionable assessment for this popu-
lation remains.

Recently, radiologic indicators of frailty have emerged as
potential surrogate measurements of physical frailty in the
trauma setting.14-16 Sarcopenia, defined as low muscle mass
along with either low strength or function, is closely associ-
ated with frailty17-19 and independently associated with poor
outcomes in trauma patients.15,20-22 Sarcopenia can be evalu-
ated opportunistically using chest and abdominopelvic com-
puted tomographic (CT) scans during the initial trauma
workup, but this modality is limited because body imaging is
often not obtained in older trauma patients. Older patients
frequently sustain low-velocity mechanisms of injury (such as
ground-level falls), which are less prone to visceral injury and
do not prompt an extensive traumatic workup. In contrast,
head CTs are commonly ordered in older patients because of
the increased risk for intracranial hemorrhage after even low-
level trauma.23 Opportunistic sarcopenia assessment in the
trauma-affected population was recently expanded to head CT
by examining masseter cross-sectional area (MCSA), where
lower values correlated with abdominal muscle sarcopenia and
were also associated with an increased risk of 2-year mortality.14

Similar to the association between aging and sarcopenia,
cellular changes occur in the aging brain, including atrophy.24

Brain atrophy accelerates with aging and has been tradition-
ally determined through brain volume measurement.25 How-
ever, this technique is time consuming and often requires
specialized software; thus, it is impractical as a rapid screen-
ing tool in trauma.

In contrast, the bicaudate index or bicaudate ratio is a
measure of subcortical brain atrophy that can be measured
readily on head CT using standard clinical imaging
software.26,27 In a recent 2018 analysis of a prospective
10-year outpatient cohort of more than 1500 patients, incre-
mental increases in physical frailty were associated with
increased probability of brain atrophy.28 Indeed, brain atro-
phy measured opportunistically via head CT may offer addi-
tional prognostic information, much like measures of skeletal
muscle. We hypothesize that (1) brain atrophy and masseter
sarcopenia are independently associated with 1-year mortal-
ity in older patients with trauma and (2) the combination of

brain atrophy and masseter sarcopenia confers an additive
mortality risk in this population.

Methods
Study Design, Setting, and Participants
In this retrospective cohort study, the Washington state trauma
registry and institutional medical record were used to iden-
tify patients 65 years or older who were admitted to the Har-
borview Medical Center trauma intensive care unit (ICU) from
January 1, 2011, through December 31, 2014, who survived the
first 24 hours of admission, were Washington state residents,
and had a high-quality head CT within 7 days of admission. To
minimize measurement and outcome biases in patients with
severe intracranial injuries, patients with a head Abbreviated
Injury Scale score of 3 or greater were not included. Entry
criteria focused on (1) patients in the ICU, because they were
more likely to undergo head CT; and (2) Washington state
residents, because mortality data are readily available for
them. Patients with missing data were excluded. Harborview
Medical Center serves as the only level 1 trauma center for
Washington, Alaska, Montana, and Idaho.

This study received institutional review board approval
with waiver of informed consent by the University of Wash-
ington. The Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) statement guidelines were used
in all phases of this study.29

Exposure Variables
Brain atrophy and masseter sarcopenia were the primary ex-
posure variables, measured using brain atrophy index (BAI) and
masseter cross-sectional area (MCSA). The BAI, also referred
to as the bicaudate ratio or bicaudate index, represents the ra-
tio of intercaudate distance to interskull distance. Higher ra-
tios indicate more atrophy. Mean MCSA was calculated as the
mean of both masseter muscles. If one masseter muscle could
not be analyzed, only a single MCSA measure was used.

Given the absence of defined diagnostic thresholds for
brain atrophy and masseter sarcopenia, sex-specific cohort me-
dians were chosen for dichotomization. The cohort was di-
vided into 4 groups for univariate comparisons: patients with
both masseter sarcopenia and brain atrophy, those with brain

Key Points
Question Are brain atrophy and/or masseter sarcopenia
associated with mortality after traumatic injury in adults older than
65 years?

Findings In this retrospective cohort study of 327 adults 65 years
and older, both brain atrophy and masseter sarcopenia conferred
independent increased hazards of death within 1 year of traumatic
injury, after adjustment for age, comorbidity, clinical course, and
injury characteristics.

Meaning Brain atrophy and masseter sarcopenia may be
prognostic indicators in older adults affected by trauma, which
could be used to guide targeted interventions.
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atrophy only, those with masseter sarcopenia only, and those
with neither condition. Patients in whom both MCSA and BAI
could not be assessed were excluded from the analysis.

Radiologic Measurement Protocol
The base of the zygomatic arch was identified in each patient
in the coronal plane. The MCSA measurements were taken at
2 cm below the zygomatic arch in the axial plane.14 The BAI
measurements were performed at the level of the fornix apex,
which was identified in the coronal plane. To calculate BAI, in-
tercaudate distance was divided by interskull distance. Figure 1
demonstrates examples of these measurements. All images
were analyzed using tools native to the institution’s standard
clinical Picture Archiving and Communication System appli-
cation. Repeated measures and parallel measures among 2
trained imaging evaluators (C.T. and S.J.K.) confirmed good to
excellent intraclass correlation coefficients (MCSA, 0.94 [95%
CI, 0.85-0.98]; P < .001; BAI, 0.97 [95% CI, 0.92-0.99];
P < .001).

Covariates
Demographics, clinical data, and injury characteristics were
examined in this analysis, including age, sex, body mass in-
dex (calculated as weight in kilograms divided by height
in meters squared), updated Charlson Comorbidity Index
scores, mechanism of injury, Injury Severity Score, Abbrevi-
ated Injury Scale scores, ventilator requirement, ICU length of
stay, in-hospital complications, and need for operative inter-
vention, among other variables. Age and body mass index were
treated as continuous variables. Charlson Comorbidity In-
dex, Injury Severity Score, and Abbreviated Injury Scale scores
were treated as discrete variables.

Outcomes
The primary outcome was all-cause 1-year mortality after hos-
pital discharge. Discharge disposition was examined as a sec-
ondary outcome because trauma patients who are dis-

charged to a skilled nursing facility (SNF) experience higher
readmission rates, have higher 30-day mortality, and often
never return home.30-32 Categories included discharge to home
or home with home health, discharge to an inpatient rehabili-
tation unit, discharge to an SNF/long-term acute care (LTAC)
facility, and in-hospital death. Discharge to an SNF/LTAC or in-
hospital death vs any other disposition was collapsed into a
dichotomous variable called unfavorable discharge. All-cause
30-day mortality was also examined as a secondary outcome.
Mortality data were obtained from the Washington State De-
partment of Health.

Statistical Analysis
Data are reported as medians with interquartile range for
noncategorical variables and as counts with frequencies for
categorical variables. The Kruskal-Wallis test with the Dunn
post hoc test and the Šídák correction for multiple compari-
sons were used for noncategorical univariate comparisons.
The Fisher exact test was used for categorical comparisons.
Kaplan-Meier survival curves were created to describe
1-year survival after discharge for median-based groups.
The log-rank test with the Bonferroni correction was used
for comparisons among all 4 groups and between 2 groups.
Hypothesis testing was only performed for the primary and
secondary outcomes.

Unadjusted and adjusted Cox proportional hazards
regression models were designed to assess variable associa-
tions with 1-year mortality. For these regression models,
MCSA and BAI variables were standardized to a mean value
of 0 and an SD of 1. Variables with known clinical influence
and those that approached significance (P ≤ .20) were
included in the adjusted model. Interaction variables were
tested based on bivariate correlations. Individual variable P
values and both Akaike and Bayesian Information Criteria
were used to guide model optimization. Postestimation
model fit and assumption confirmations were performed.
Patients with missing data were excluded from analysis. All

Figure 1. Example Masseter and Brain Atrophy Index Measurements

Masseter muscle cross-sectional area in axial planeA Measurements used to calculate brain atrophyB

A, Measurement of masseter muscle
cross-sectional area in the axial plan,
2 cm below the inferior edge of the
zygomatic arch. The masseter is
highlighted in brown.
B, Measurements taken to calculate
brain atrophy index (intercaudate
distance divided by interskull
distance in the axial plane at the level
of the fornix). The 2 medial-facing
arrows show the caudate
(intercaudate distance). The longer,
double-arrow line shows the
interskull distance, which is measured
at the same coronal plane as the
intercaudate distance.
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statistical analyses were conducted with Stata/SE version
14.2 (StataCorp) using an a priori 2-sided significance level of
P < .05.

Results
Three hundred sixty-four patients were identified from the
trauma registry and medical records as eligible for the study
because they had a head CT of acceptable quality. Thirty-
seven were excluded because of missing data (n = 24) or death
within 1 day of admission (n = 13). The remaining 327 made up
the cohort. The mean (SD) age was 77.8 (8.6) years, and 159 pa-
tients (48.6%) were women.

The sex-specific mean (SD) MCSAs were 347.8 (87.5) mm2

for female patients and 438.6 (100.2) mm2 for male patients; cor-
responding median thresholds were 339.1 mm2 and 427.2 mm2,
respectively. The mean (SD) BAIs were 0.139 (0.030) for female
patients and 0.144 (0.027) for male patients; median values were
0.136 and 0.138, respectively. Based on these parameters, the
cohort was divided into 4 groups: 92 individuals (28.1%) with
masseter sarcopenia and brain atrophy, 72 (22.0%) with masse-
ter sarcopenia only, 71 (21.7%) with brain atrophy only, and 92
(28.1%) with neither condition. The overall flowchart of patient
inclusion, exclusion, and group assignment is depicted in the
eFigure in the Supplement. Patient demographics, clinical data,
and injury characteristics are listed in Table 1.

Univariate comparisons among groups are shown in
Table 2. There were significant differences in discharge dis-
position among groups, with a greater proportion of SNF and
LTAC discharges among patients with brain atrophy or mas-
seter sarcopenia and brain atrophy compared with those with
neither condition. Patients with brain atrophy with or with-
out sarcopenia were also more likely to be discharged to an SNF
or LTAC or experience in-hospital death compared with those
with neither condition (patients with masseter sarcopenia and
brain atrophy: relative risk, 1.7 [95% CI, 1.3-2.3]; P = .002; pa-
tients with brain atrophy only: relative risk, 1.6 [95% CI, 1.2-
2.2]; P = .01).

Mortality After Injury
There was no difference in 30-day mortality among the 4
groups. However, a significant result was observed in 1-year
mortality (χ2

3 = 10.99; P = .01), with a significant difference be-
tween patients with masseter sarcopenia and brain atrophy vs
patients with neither condition after adjustment for multiple
comparisons (relative risk ratio, 3.1 [95% CI, 1.5-6.6]). Mortal-
ity among groups was plotted over time on a Kaplan-Meier sur-
vival curve (Figure 2). While the overall log-rank comparison
among groups was significant (χ2

3 = 10.86; P = .01), after ad-
justment for multiple comparisons, only the comparison of pa-
tients with masseter sarcopenia and brain atrophy with pa-
tients with neither condition remained significant (χ2

1 = 10.45;
P = .001).

Table 1. Demographic and Clinical Characteristics

Characteristic

Patients, No. (%)
No Sarcopenia or
Brain Atrophy
(n = 92)

Masseter
Sarcopenia Only
(n = 72)

Brain Atrophy
Only (n = 71)

Both Sarcopenia
and Brain Atrophy
(n = 92)

Age, median (IQR), y 73 (68-80) 74 (70-82) 80 (73-86) 82 (75-86)

Sex

Male 51 (55.4) 33 (45.8) 33 (46.5) 51 (55.4)

Female 41 (44.6) 39 (54.2) 38 (53.5) 41 (44.6)

BMI, median (IQR) 27 (23-31) 27 (23-29) 26 (22-29) 25 (22-29)

Charlson Comorbidity Index score,
median (IQR)

0 (0-1) 0 (0-2) 1 (0-2) 1 (0-2)

Type of injury

Fall 45 (48.9) 32 (44.4) 26 (36.6) 24 (26.1)

Blunt trauma (other than fall) 45 (48.9) 38 (52.8) 43 (60.6) 64 (69.6)

Penetrating injury 1 (1.1) 0 (0.0) 0 (0.0) 1 (1.1)

Other 1 (1.1) 2 (2.8) 2 (2.8) 3 (3.3)

Injury Severity Score, median (IQR) 14 (9-17) 12 (9-17) 11 (6-17) 10 (6-17)

Maximum Abbreviated Injury Scale
score, median (IQR)

Head 0 (0-2) 0 (0-2) 0 (0-2) 0 (0-2)

Chest 2 (0-3) 2 (0-3) 0 (0-3) 0 (0-3)

Spine 0 (0-2) 0 (0-2) 0 (0-2) 0 (0-2)

Ever ventilated 21 (22.8) 17 (23.6) 16 (22.5) 20 (21.7)

Operative management 39 (42.4) 31 (43.1) 33 (46.5) 34 (37.0)

Any in-hospital complication 10 (10.9) 19 (26.4) 8 (11.3) 18 (19.6)

Length of stay, median (IQR), d

Intensive care unit 2 (1-4) 2 (1-5) 2 (1-5) 2 (1-5)

Hospital 6 (4-9) 7 (5-11) 6 (4-11) 7 (4-11)

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
IQR, interquartile range.
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Both unadjusted and adjusted hazard ratios (HR) for 1-year
mortality were calculated for sarcopenia, brain atrophy, and
other variables of interest (Table 3). As with the Fisher exact
and log-rank tests, unadjusted HRs showed a significant as-
sociation with 1-year mortality only between patients with mas-
seter sarcopenia and brain atrophy and patients with neither
condition (HR, 3.4 [95% CI, 1.5-7.6]; P = .002).

However, when MCSA and BAI were standardized and
treated as continuous variables, associations with 1-year mor-
tality were both significant (MCSA per SD less than the mean:
HR, 1.7 [95% CI, 1.2-2.4]; P = .001; BAI per SD greater than the

mean: HR, 1.5 [95% CI, 1.2-1.8]; P < .001). Older age (per
decade older than 65 years; HR, 2.1 [95% CI, 1.5-2.7];
P < .001), higher Charlson Comorbidity Index (HR, 1.4 [95%
CI, 1.3-1.5]; P < .001), fall injury mechanism (HR, 2.7 [95% CI,
1.5-5.0]; P = .002), in-hospital ventilator requirement (HR,
3.3 [95% CI, 1.9-5.6]; P < .001), in-hospital complication (HR,
2.2 [95% CI, 1.2-3.9]; P = .009), longer ICU length of stay (per
day; HR, 1.0 [95% CI, 1.0-1.1]; P = .03), and discharge to an
SNF or LTAC (HR, 3.5 [95% CI, 1.5-8.1]; P = .003) were also all
significantly associated with increased hazards of 1-year
mortality.

In the adjusted Cox proportional hazards model, both
MCSA and BAI remained significantly and independently
associated with 1-year mortality (MCSA per SD less than the
mean: HR, 2.0 [95% CI, 1.2-3.1]; P = .005; BAI per SD greater
than the mean: HR, 2.0 [95% CI, 1.1-3.5]; P = .02). Charlson
Comorbidity Index (HR, 1.4 [95% CI, 1.3-1.6]; P < .001) and
fall injury (HR, 2.1 [95% CI, 1.1-4.4]; P = .04), and presence of
any complication (HR, 1.9 [95% CI, 1.0-3.6]; P = .048)
remained associated. Additionally, Injury Severity Score (per
point; HR, 1.0 [95% CI, 1.0-1.1]; P = .004) emerged as a minor
but significant variable after adjustment.

Discussion
We investigated the use of MCSA and BAI as factors associ-
ated with 1-year all-cause mortality after traumatic injury in
older adults. The survival distributions of patients who were
determined to have both masseter sarcopenia and brain atro-
phy differed significantly from patients who had neither. Af-
ter adjusting for covariates and interactions, both masseter sar-
copenia and brain atrophy were signific antly and
independently associated with mortality in an additive fash-
ion. Few studies have examined the implications of masseter
sarcopenia in trauma patients, and to our knowledge, this is
the first study to demonstrate an association between brain
atrophy and mortality in any surgical population.

The strong associations of frailty, sarcopenia, and other
indicators of vulnerability with poor clinical outcomes in pa

Table 2. Outcomes Among Groups With Masseter Sarcopenia and Brain Atrophy

Characteristic

Patients, No. (%)

P Value
No Sarcopenia or Brain
Atrophy (n = 92)

Masseter Sarcopenia
Only (n = 72)

Brain Atrophy Only
(n = 71)

Both Sarcopenia and
Brain Atrophy (n = 92)

Disposition

Home or home with home health 48 (52.2) 31 (43.1) 26 (36.6) 30 (32.6)

<.001a
Inpatient rehab 8 (8.7) 0 (0.0) 0 (0.0) 1 (1.1)

SNF/LTAC 31 (33.7) 32 (44.4) 41 (57.8) 53 (57.6)

In-hospital death 5 (5.4) 9 (12.5) 4 (5.6) 8 (8.7)

Unfavorable dispositionb 36 (39.1) 41 (56.9) 45 (63.4) 61 (66.3) .001a

Death within 30 d of injury 5 (5.4) 6 (8.5) 9 (12.5) 14 (15.2) .14

Death within 1 y of injury 8 (8.7) 12 (16.9) 12 (16.7) 25 (27.2) .01c

Abbreviations: LTAC, long-term acute care facility; SNF, skilled nursing facility.
a After correction for multiple comparisons, only pairwise comparisons between

patients with no sarcopenia or brain atrophy and patients with brain atrophy
and between patients with neither sarcopenia nor brain atrophy and those
with both sarcopenia and brain atrophy were significant.

b Defined as a discharge to an SNF or LTAC or death.
c After correction for multiple comparisons, only the difference between

patients with neither sarcopenia nor brain atrophy and those with both
sarcopenia and brain atrophy was significant.

Figure 2. Kaplan-Meier Survival Estimates
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Patients were divided into 4 groups based on the median masseter
cross-sectional area and brain atrophy index. Overall log-rank outcome was
χ 2

3 = 10.86 (P = .01). Pairwise comparison log-rank P values were adjusted with
Bonferroni correction (patients with both conditions vs patients with neither
condition, χ 2

1 = 10.45; P = .007; patients with brain atrophy only vs patients
with neither condition, χ 2

1 = 2.39; P = .72; patients with masseter sarcopenia
only vs patients with neither condition, χ 2

1 = 2.45; P = .71; patients with brain
atrophy vs patients with masseter sarcopenia, χ 2

1 = 0.00; P > .99; patients with
both conditions vs patients with brain atrophy only, χ 2

1 = 2.52; P = .68; patients
with both conditions vs patients with masseter sarcopenia only, χ 2

1 = 2.27;
P = .79).
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tients with trauma lends a rationale for continued develop-
ment of reliable, objective, and clinically useful assessment in-
struments. Assessment of this population is of particular im-
portance given their unique, unplanned presentation and often
volatile clinical status. In this context, the advantage of using
MCSA and BAI lies in the relatively high frequency of trauma-
associated head CT acquisition. In our institution, more than
50% of trauma patients 65 years and older undergo head CT,
compared with less than 30% for abdominopelvic CT. Brain
atrophy and masseter sarcopenia are clearly associated with
patient disposition and 1-year mortality. This study did not
demonstrate a statistically significant association with 30-
day mortality, as others have16; however, the tendency to-
ward an escalating proportion of death at 30 days with each
indicator is apparent.

While sarcopenia can also be assessed via head CT using
the temporalis muscle, the masseter muscle is the major muscle
of mastication that may be associated with nutrition33 and is
correlated with abdominal sarcopenia.14 Masseter muscle mass
and function have been used as a correlate to total body skel-
etal muscle mass in older adults.34,35 It is possible that the same
mechanisms that lead to a loss of skeletal muscle mass also act
on the masseter muscle.

A key aspect of this study was that measurements were
taken using the standard Picture Archiving and Communica-

tion System application used at our institution. This demon-
strates the potential for ready, pragmatic translation to a clini-
cal environment without the need for specialized software or
arduous image analysis.

The implications of early identification of vulnerable
trauma patients are several. In another study,36 an age-based
protocol for automatic geriatrician consultation in trauma pa-
tients 70 years and older resulted in improved advance care
planning and increased multidisciplinary care. In the ICU, ad-
vanced care planning reduces readmission and length of stay.37

Other improvements in outcomes for vulnerable patients un-
dergoing surgery have come in the form of prehabilitation,38

which is not possible in the trauma population. However, post-
operative exercise therapy is associated with improvements
in functional outcomes and quality of life for frail patients un-
dergoing elective surgery.39 Early mobilization in a medical ICU
setting improves functional outcomes as well.40 While older
trauma patients differ from those having elective surgeries or
those in the medical ICU, it is reasonable to test the potential
of targeted interventions in this high-risk population. It is also
worth noting that geriatricians, therapists, and other consul-
tants (including those in palliative medicine) are finite re-
sources. Consequently, a resource-sensitive approach might
identify vulnerable patients, such as those with sarcopenia
and/or brain atrophy, to assess whether these interventions are

Table 3. Risk of 1-Year Mortality in Unadjusted and Adjusted Survival Models

Characteristic

Unadjusted Adjusted
Hazard Ratio
(95% CI) P Value

Hazard Ratio
(95% CI) P Value

Indicator

No sarcopenia or atrophy 1 [Reference] NA NA NA

Sarcopenia only 2.0 (0.8-4.8) .13 NA NA

Atrophy only 2.0 (0.8-5.0) .12 NA NA

Sarcopenia and atrophy 3.4 (1.5-7.6) .002 NA NA

Brain atrophy index, per SD greater than
mean

1.5 (1.2-1.8) <.001 2.0 (1.1-3.5) .02

Masseter cross-sectional area, per SD less
than mean

1.7 (1.2-2.4) .001 2.0 (1.2-3.1) .005

Age, per decade older than 65 y 2.1 (1.5-2.7) <.001 1.9 (1.3-2.7) .001

Male 1.0 (0.6-1.7) .89 NA NA

BMI, per unit 1.0 (0.9-1.0) .37 NA NA

Charlson Comorbidity Index score, per
point

1.4 (1.3-1.5) <.001 1.4 (1.3-1.6) <.001

Fall injury mechanism 2.7 (1.5-5.0) .002 2.1 (1.1-4.4) .04

Injury Severity Score, per point 1.0 (1.0-1.0) .48 1.1 (1.0-1.1) .004

Maximum Abbreviated Injury Scale score,
per point

Head 0.8 (0.6-1.1) .13 NA NA

Chest 0.8 (0.7-1.0) .06 NA NA

Spine 1.2 (1.0-1.4) .08 NA NA

Ever ventilated 3.3 (1.9-5.6) <.001 NA NA

Operative management 1.6 (1.0-2.7) .06 NA NA

Any in-hospital complication 2.2 (1.2-3.9) .009 1.9 (1.0-3.6) .048

Length of stay, per d

Intensive care unit 1.0 (1.0-1.1) .03 NA NA

Hospital 1.0 (1.0-1.0) .05 NA NA

Discharge to SNF/LTACa 3.5 (1.5-8.1) .003 NA NA

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
LTAC, long-term acute care facility;
NA, not applicable; SNF, skilled
nursing facility.
a Among the 301 patients who

survived to discharge. This variable
is excluded from the adjusted
analysis to include patients who did
not survive to discharge in the final
model.
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effective. Relevant outcomes would include improved coor-
dination of care, multidisciplinary decision making, de-
creased length of stay, morbidity, and mortality. Most impor-
tantly, interventions that target a subgroup of older patients
that could benefit most should measure improvements in qual-
ity of life and functional status after discharge.

Limitations
The population of the study consists only of trauma patients
from Harborview Medical Center, a level 1 trauma center that
also serves as the county’s safety net hospital. While the study
population does reflect the general demographics of Wash-
ington state and the Pacific Northwest, the use of a single in-
stitution limits the generalizability of the results. The inclu-
sion criteria required a head CT image that was acceptable for
analysis of both BAI and MCSA. A next step would be to relax
exclusion criteria for image quality and keep patients in whom
only one indicator could be measured. Finally, the retrospec-

tive observational design is subject to selection bias and lim-
its the generalizability of the results.

Conclusions
In this retrospective cohort study, we found that masseter sar-
copenia and brain atrophy, as measured by masseter cross-
sectional area and brain atrophy index, were independently
associated with increased 1-year mortality in older trauma pa-
tients after adjustment for age, comorbidity, and injury char-
acteristics. Furthermore, the combination of both brain atro-
phy and masseter sarcopenia conferred an additive mortality
risk in this cohort. Both measurements can be opportunisti-
cally obtained from routine head CT. These measurements can
potentially be evaluated as predictors of postdischarge out-
comes and methods to identify patients who would benefit
from interventions.
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