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Association of Radiologic Indicators of Frailty
With 1-Year Mortality in Older Trauma Patients
Opportunistic Screening for Sarcopenia and Osteopenia
Stephen J. Kaplan, MD, MPH; Tam N. Pham, MD; Saman Arbabi, MD, MPH; Joel A. Gross, MD;
Mamatha Damodarasamy, MS; Itay Bentov, MD, PhD; Lisa A. Taitsman, MD, MPH; Steven H. Mitchell, MD; May J. Reed, MD

IMPORTANCE Assessment of physical frailty in older trauma patients admitted to the
intensive care unit is often not feasible using traditional frailty assessment instruments. The
use of opportunistic computed tomography (CT) scans to assess sarcopenia and osteopenia
as indicators of underlying frailty may provide complementary prognostic information on
long-term outcomes.

OBJECTIVE To determine whether sarcopenia and/or osteopenia are associated with 1-year
mortality in an older trauma patient population.

DESIGN, SETTING, AND PARTICIPANTS A retrospective cohort constructed from a state trauma
registry was linked to the statewide death registry and Comprehensive Hospital Abstract
Reporting System for readmission data analyses. Admission abdominopelvic CT scans from
patients 65 years and older admitted to the intensive care unit of a single level I trauma center
between January 2011 and May 2014 were analyzed to identify patients with sarcopenia
and/or osteopenia. Patients with a head Injury Severity Score of 3 or greater, an out-of-state
address, or inadequate CT imaging or who died within 24 hours of admission were excluded.

EXPOSURES Sarcopenia and/or osteopenia, assessed via total cross-sectional muscle area and
bone density at the L3 vertebral level, compared with a group with no sarcopenia or
osteopenia.

MAIN OUTCOMES AND MEASURES One-year all-cause mortality. Secondary outcomes included
30-day all-cause mortality, 30-day readmission, hospital length of stay, hospital cost, and
discharge disposition.

RESULTS Of the 450 patients included in the study, 269 (59.8%) were male and 394 (87.6%)
were white. The cohort was split into 4 groups: 74 were retrospectively diagnosed with both
sarcopenia and osteopenia, 167 with sarcopenia only, 48 with osteopenia only, and 161 with
no radiologic indicators. Among the 408 who survived to discharge, sarcopenia and
osteopenia were associated with higher risks of 1-year mortality alone and in combination.
After adjustment, the hazard ratio was 9.4 (95% CI, 1.2-75.4; P = .03) for sarcopenia and
osteopenia, 10.3 (95% CI, 1.3-78.8; P = .03) for sarcopenia, and 11.9 (95% CI, 1.3-107.4;
P = .03) for osteopenia.

CONCLUSIONS AND RELEVANCE More than half of older trauma patients in this study had
sarcopenia, osteopenia, or both. Each factor was independently associated with increased
1-year mortality. Given the prevalent use of abdominopelvic CT in trauma centers,
opportunistic screening for radiologic indicators of frailty provides an additional tool for early
identification of older trauma patients at high risk for poor outcomes, with the potential for
targeted interventions.
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I n 2015, older adults accounted for nearly 30% of all trauma
incidents, with accompanying case fatality rates ranging
from 5.04 to 8.73 per 100—the highest among all age

groups.1 Risk of readmission and 1-year mortality among older
trauma patients who survive to hospital discharge is indepen-
dently associated with age.2 Worse short-term and long-term
outcomes in older trauma patients combined with the grow-
ing older adult population has spurred recent efforts to im-
prove care for this population.3-5 Indeed, care of older trauma
patients is of great importance with national-level prioritiza-
tion.

Frailty, defined as a gradual, age-related decline in func-
tion across multiple domains that increases susceptibility to
disease and death, may be an important contributor to poor
outcomes.6 Distinct from age, disability, and comorbidity,
frailty is a prevalent syndrome that independently confers
worse outcomes across several medical and surgical popula-
tions, including the trauma population.7,8 However, current
frailty assessment instruments have notable limitations in the
trauma population, owing to some patients’ inability to com-
plete functional testing or accurately answer medical history
questions. Recent studies of frailty in trauma patients have re-
lied on family or other surrogates to complete frailty assess-
ment instruments on behalf of severely ill or injured patients.8,9

Maxwell et al8 note that “[s]creening for preinjury frailty…is
feasible yet highly dependent on the presence of a surrogate
respondent.”

These limitations have led us to search for surrogate mark-
ers with comparable prognostic value, such as sarcopenia, de-
fined by low muscle mass and impaired muscle function.10-17

Sarcopenia is an independent predictor of ventilator-free days,
intensive care unit (ICU)–free days, discharge disposition, and
mortality among older high-acuity patients.18-20 Like sarco-
penia, osteopenia is intertwined in the pathophysiology of
frailty and is associated with poor outcomes.21-25 Frailty is as-
sociated with multiple falls and multiple fractures.26 Low bone
density greatly increases the risk of hip, spine, and extremity
fractures,27 the risk of subsequent fractures, and mortality.28

Recent studies have repurposed cross-sectional imaging ob-
tained for other reasons to retrospectively screen for sarcope-
nia or osteoporosis.19,29 Thus, opportunistic use of imaging,
specifically computed tomography (CT), can be applied in the
trauma setting, where a large proportion of patients undergo
CT evaluation as part of their routine trauma evaluation.

Given that radiologic evidence of sarcopenia and osteo-
penia are associated with underlying physical frailty through
shared pathologic pathways and that CT imaging in the trauma
setting is prevalent, opportunistic screening for sarcopenia and
osteopenia is poised to fill a gap in frailty assessment. We hy-
pothesize that sarcopenia and osteopenia will predict 1-year
mortality in older trauma patients.

Methods
Study Design, Setting, and Participants
In this retrospective cohort study, we queried the Washing-
ton State trauma registry for patients 65 years and older who

were admitted to the ICU of Harborview Medical Center, a level
I trauma center, from January 2011 to May 2014 following trau-
matic injury. Patients with abdominopelvic CT imaging ob-
tained within 48 hours of admission were included. Patients
with out-of-state addresses, with maximum head Abbrevi-
ated Injury Scale (AIS) scores of 3 or greater, or who died within
24 hours of admission were excluded. Additionally, patients
with inadequate CT images were also excluded. Harborview
Medical Center, an affiliate hospital of the University of Wash-
ington, is a county teaching hospital with 413 beds, including
89 ICU beds. Harborview Medical Center serves as the only level
I trauma center in the state of Washington and is a regional
trauma and burn referral center for the states of Alaska, Mon-
tana, and Idaho. The institutional review board for the Uni-
versity of Washington approved the study and provided a
waiver of consent.

Exposure Variables
The primary exposure variables were sarcopenia and osteo-
penia. For sarcopenia, we used previously described skeletal
muscle index thresholds of 52.4 cm2/m2 for men and 38.5
cm2/m2 for women, which are calculated from total cross-
sectional muscle area at the L3 vertebral level.30 Although other
measures of sarcopenia have been described, such as psoas-
only skeletal muscle index or muscle density, we chose this
skeletal muscle index measure based on its well-established
use throughout the literature.31 Osteopenia was defined as an
average Hounsfield units below 100.0 of the L3 vertebral body
trabecular bone, a level selected based on previous work de-
scribing diagnosis of osteoporosis at L3.29,32 Based on these
thresholds, the cohort was divided into 4 frailty indicator
groups: those with both sarcopenia and osteopenia (SR+OS),
those with sarcopenia only (SR), those with osteopenia only
(OS), and those with no sarcopenia or osteopenia (neither).

Image Analysis Protocol
Computed tomographic imaging was screened for adequacy
using the hospital’s native clinical radiology picture ar-
chiving and communication system. Images with capture win-
dows that cut off any muscle, low-quality image, or images with
any anatomical distortion (eg, abdominal wall hematoma, avul-
sion, foreign body, grade II or III L3 compression fracture, or
the presence of hardware) were excluded. A single axial CT slice

Key Points
Question Is opportunistic assessment of sarcopenia and
osteopenia as radiologic indicators of frailty in the trauma
population predictive of 1-year mortality?

Findings In this cohort study of 450 adults 65 years and older,
sarcopenia, osteopenia, or both were present in more than half the
cohort and were strongly associated with 1-year mortality, even
after adjustment for other factors.

Meaning Screening for radiologic indicators of frailty may improve
prognostic ability, which may help early risk stratification and the
design of tailored interventions for this subset of older trauma
patients.
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at the most superior L3 vertebral level, where trabecular bone
fills the vertebral body, was selected and exported for further
analysis using SliceOmatic version 5.0 (TomoVision).

For sarcopenia, total muscle cross-sectional area of skel-
etal muscle was measured as centimeters squared and based
on muscle selection using a Hounsfield units threshold from
−29.0 to 150.0. The rectus abdominis, internal and external
obliques, transversus abdominis, quadratus lumborum, psoas
major and minor, erector spinae, and latissimus dorsi (if
present) were examined. Skeletal muscle index was calcu-
lated by dividing the total muscle cross-sectional area by height
squared (cm2/m2).

For osteopenia, a 1.5-2–cm2 region of interest was drawn
over the trabecular bone of the L3 vertebral body, avoiding the
sclerotic bone, fracture lines, hemangiomas, and traversing ves-
sels, to calculate average Hounsfield units.

The 2 authors who conducted the image analysis (S.J.K.
and M.D.) were blinded to patient outcomes during the analy-
sis period. Absolute agreement between raters was con-
firmed via intraclass correlation coefficient calculations (mean
coefficient, 0.996; 95% CI, 0.992-0.998; individual coeffi-
cient, 0.992; 95% CI, 0.984-0.996; F = 266.51; P < .001). An ad-
ditional author (J.A.G.), who is an expert in emergency and
trauma radiology, developed the image analysis protocol and
verified accuracy and agreement.

Covariates
Patient demographic information (age, sex, race/ethnicity,
and state of residence), injury characteristics (mechanism of
injury, Injury Severity Score, and head, chest, and spine AIS
scores), and clinical data (body mass index [BMI, calculated
as weight in kilograms divided by height in meters squared]
and ventilator requirement) were obtained from the trauma
registry. Updated Charlson Comorbidity Index scores33 were
abstracted from patient medical records. Age was catego-
rized into 3 groups: age 65 to 74 years, 75 to 84 years, and 85
years and older.34 Race/ethnicity categories with less than 5
observations were combined into a single “other” category.
Mechanism of injury was divided into 4 groups: penetrat-
ing, blunt–fall related, blunt–nonfall related, and other (eg,
burn or bite). Injury Severity Score and maximum head AIS
were treated as ordinal variables. Charlson Comorbidity
Index scores were categorized into 3 groups: 0, 1, and 2 or
more.

Outcome Measures
The primary outcome measure was all-cause 1-year mortality
following hospital discharge. Death data were obtained from
the Washington State Death Registry in October 2015 and cen-
sored at 1 year from hospital discharge date. Secondary out-
come measures included hospital and ICU lengths of stay, dis-
charge disposition, inpatient hospital cost (combined direct and
indirect), 30-day readmission, and 30-day mortality. Length
of stay and discharge disposition were obtained from the
trauma registry. Cost data were obtained from the institu-
tion’s finance office. Readmission data were obtained from the
Washington State Comprehensive Hospital Abstract Report-
ing System.

Statistical Analysis
Data are reported as medians with interquartile range for con-
tinuous and discrete variables or as counts with frequencies
for categorical variables. The Kruskal-Wallis test with Dunn post
hoc test and Šídák correction were used for univariate non-
categorical comparisons. Pearson χ2 test or Fisher exact test
were used for categorical comparisons, as appropriate. Tests
for trends in outcomes among groups were conducted using
Cuzick nonparametric method. Kaplan-Meier survival curves
were constructed using 1-year survival after discharge as the
dependent variable, then compared with the log-rank test with
correction for multiple-group comparisons. Unadjusted and
adjusted Cox proportional hazards regression models were con-
structed to assess the association of frailty indicators with
1-year mortality. Inclusion of variables in the adjusted model
was performed in a purposeful fashion, selecting variables with
known clinical influence, as well as those variables that ap-
proached significance (P ≤ .20). Interaction variables were
tested based on bivariate correlations. We used variate P val-
ues and both Akaike and Bayesian information criteria to guide
model optimization. Postestimation diagnostic tests were per-
formed to confirm model fit and assumption adherence. In-
jury mechanism and discharge disposition were dichoto-
mized into fall vs all other mechanisms and skilled-nursing
facility/long-term acute care vs other disposition, respec-
tively, for inclusion in the models. Post hoc sensitivity analy-
sis was performed for age and Charlson Comorbidity Index
scores to ensure variable categorization did not alter overall
findings or interpretation. Patients with missing data were ex-
cluded from analysis. All statistical analyses were conducted
with Stata/SE version 14.1 (StataCorp) using an a priori 2-sided
significance level of P < .05.

Results
Between January 2011 and May 2014, 554 in-state residents 65
years and older were admitted to the ICU of Harborview Medi-
cal Center following traumatic injury who had head AIS scores
of 2 or less and abdominopelvic CT imaging performed within
48 hours of admission. A total of 104 patients (18.8%) were ex-
cluded (57 [54.8%] because of muscle distortion on CT, 15
[14.4%] because of missing data, 14 [13.5%] because of low-
quality CT images, 10 [9.6%] because of L3 fracture, and 8
[7.7%] because of other anatomical abnormality). Among the
450 patients included in this study, 289 (64%) had at least 1
radiologic indicator of frailty, including 74 (16.4%) in the SR+OS
group, 167 (37.1%) in the SR group, 48 (10.7%) in the OS group,
and 161 (35.8%) in the neither group. Figure 1 shows the flow
diagram of patient selection, exclusion, and exposure assign-
ment. Patient and injury characteristics are listed in Table 1.

Short-term Outcomes
Comparisons among the 4 groups over 6 short-term out-
comes are listed in Table 2. Although the initial comparison
test for 30-day mortality was significant (P = .05), subse-
quent pairwise comparisons with correction for multiple com-
parisons did not reveal statistically significant differences
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among the groups. However, a significant trend of increasing
30-day mortality was observed (z = 2.2; P = .03). Intensive care
unit and hospital lengths of stay, discharge disposition, inpa-
tient hospital costs (both direct and indirect), and 30-day re-

admission did not differ among the groups, nor were any sig-
nificant trends observed. Because 42 patients died in the
hospital and 3 patients could not be linked with the Washing-
ton State Comprehensive Hospital Abstract Reporting Sys-

Figure 1. Study Participant Flow Diagram.

104 Excluded

14 With poor-quality CT imaging
10 With L3 fracture
8 With other abnormalities

57 With muscle distortion
15 With missing data

554 In-state patients 65 y and older
admitted to the ICU for trauma
between January 2011 and
May 2014 with a head AIS score 
of 2 or less

450 Patients in study cohort

161 (35.8%) With no
radiologic indicators

48 (10.7%) With
osteopenia only

167 (37.1%) With
sarcopenia only

74 (16.4%) With both
sarcopenia and osteopenia

AIS indicates Abbreviated Injury
Scale; CT, computed tomography;
ICU, intensive care unit.

Table 1. Baseline Patient and Injury Characteristics

Characteristic

No. (%)
Both
Sarcopenia
and
Osteopenia
(n = 74)

Sarcopenia
(n = 167)

Osteopenia
(n = 48)

No Sarcopenia
or Osteopenia
(n = 161)

Age, median (IQR), y 83 (75-89) 75 (69-83) 78.5 (72-83) 72 (68-78)

65-74 17 (23.0) 74 (44.3) 20 (41.7) 104 (64.6)

75-84 26 (35.1) 57 (34.1) 19 (39.6) 45 (28.0)

≥85 31 (41.9) 36 (21.6) 9 (18.8) 12 (7.5)

Female 27 (36.5) 51 (30.5) 34 (70.8) 69 (42.9)

Race

White 69 (93.2) 142 (85.0) 41 (85.4) 142 (88.2)

Asian 5 (6.8) 14 (8.4) 2 (4.2) 10 (6.2)

Other 0 11 (6.6) 5 (10.4) 9 (5.6)

Hispanic ethnicity 0 1 (0.6) 3 (6.3) 3 (1.7)

BMI, median (IQR), y 25 (22-29) 25 (22-28) 27 (25-30.5) 29 (26-32)

Charlson Comorbidity Index score

0 31 (41.9) 109 (65.3) 28 (58.3) 111 (68.9)

1 11 (14.9) 19 (11.4) 7 (14.6) 24 (14.9)

≥2 32 (43.2) 39 (23.4) 13 (27.1) 26 (16.2)

Type of injury

Fall 48 (64.7) 86 (61.5) 19 (39.6) 68 (42.2)

Blunt, other than fall 26 (35.1) 79 (47.3) 29 (60.4) 81 (50.3)

Other 0 1 (0.6) 0 9 (5.6)

Penetrating 0 1 (0.6) 0 3 (1.9)

ISS, median (IQR), score 10 (6-17) 14 (10-20) 17 (11.5-22) 17 (12-22)

Maximum AIS score, median (IQR), score

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

Chest 1 (0-3) 2 (0-3) 3 (0-3) 2 (0-3)

Spine 0 (0-2) 2 (0-3) 0 (0-2) 2 (0-3)

Ever ventilated 23 (31.1) 42 (25.2) 18 (37.5) 58 (36.0)

Operative management 27 (36.5) 82 (49.1) 21 (43.8) 87 (54.0)

Abbreviations: AIS, Abbreviated
Injury Scale; BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
IQR, interquartile range; ISS, Injury
Severity Score.
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tem readmission database, only 405 patients (90.0%) were in-
cluded in readmissions analysis.

One-Year Mortality
Among the 408 patients who survived to discharge, 33 (8.1%)
died within 1 year. The frequency of 1-year mortality differed
significantly among the groups (Table 2). Pairwise compari-
sons between groups revealed significant differences only
when comparing the group without sarcopenia or osteopenia
(1 death [0.7%]) with any of the remaining 3 groups (SR+OS,
11 [16.2%]; SR, 17 [11.5%]; and OS, 4 [9.3%]) (all P < .001). The
trend toward higher mortality was also significant (z = 4.33;
P < .001). Univariate Kaplan-Meier survival curves corrobo-
rated these observed differences (Figure 2; log-rank χ2 = 19.6;
P < .001). Pairwise comparisons between groups again only re-
vealed significant differences when comparing the curve of the
group without sarcopenia or osteopenia with any of the re-
maining 3 curves.

Unadjusted Cox proportional hazards regression model-
ing revealed several patient and injury characteristics associ-
ated with 1-year mortality (Table 3). Notably, the risk of mor-
tality was increased among patients with radiologic indicators
of frailty compared with those patients without either indica-
tor; this increased risk was observed in a gradated fashion
(SR+OS: hazard ratio [HR], 26.7; 95% CI, 3.4-206.7; P = .002;
SR: HR, 17.9; 95% CI, 2.4-134.4; P = .005; and OS: HR, 14.4; 95%
CI, 1.6-128.7; P = .02). This trend of increasing risk was also seen
with older age and higher Charlson Comorbidity Index scores.
Fall-related injury was also associated with increased risk (HR,
2.1; 95% CI, 1.0-4.3; P = .04). Body mass index appeared to be

mildly protective (HR, 0.9; 95% CI, 0.8-0.9; P = .001). None of
the short-term outcomes were associated with increased risk
of 1-year mortality.

Figure 2. Kaplan-Meier Survival Estimates Stratified by Radiologic
Indicators of Frailty
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Patients were divided into groups with both sarcopenia and osteopenia
(SR+OS), with sarcopenia only (SR), with osteopenia only (OS), and with no
radiologic indicators (neither), which were significantly different (log-rank
χ2 = 19.6; P < .001). Pairwise comparisons with adjustment for multiple
comparisons demonstrated significant differences between the neither group
and each of the other 3 groups (SR+OS: χ2 = 22.23; P < .001; SR: χ2 = 15.33;
P < .001; and OS: χ2 = 10.02; P = .01).

Table 2. Short-term and Long-term Outcomes

Outcome

No. (%)

P Value

Test for
Trend
P Value

Both Sarcopenia and
Osteopenia
(n = 74)

Sarcopenia
(n = 167)

Osteopenia
(n = 48)

No Sarcopenia
or Osteopenia
(n = 161)

Any in-hospital complication 11 (14.9) 31 (18.6) 10 (20.8) 30 (18.6) .85 .58

ICU LOS, median (IQR), d 3.2 (1.6-5.3) 2.5 (1.4-5.0) 2.7 (1.6-5.7) 2.7 (1.5-4.8) .45 .63

Hospital LOS, median (IQR), d 7 (5-11) 7 (4-12) 6 (5-10) 7 (5-11) .99 .99

Disposition

.61 NA

Home 21 (28.4) 52 (31.1) 15 (31.3) 61 (37.9)

Home with home health 3 (4.0) 5 (3.0) 2 (4.2) 7 (4.4)

Rehabilitation facility 1 (1.4) 9 (5.4) 0 7 (4.4)

SNF/LTAC 43 (58.1) 79 (47.3) 26 (54.2) 73 (45.3)

In-hospital death 6 (8.1) 19 (11.4) 5 (10.4) 12 (7.5)

Other 0 3 (1.8) 0 1 (0.6)

Unfavorable dispositiona 49 (66.2) 98 (58.7) 31 (64.6) 85 (52.8) .20 .10

Inpatient costs, median (IQR),
US$ in thousands

32.4 (17.4-52.1) 31.6 (17.1-57.1) 30.3 (20.3-56.0) 33.6 (18.5-62.6) .82 .25

Readmission within 30 db 18 (26.5) 32 (21.8) 6 (14.0) 24 (16.3) .23 .06

30-d mortalityc 3 (4.4) 2 (1.4) 1 (2.3) 0 .05d .03

1-y mortalityc 11 (16.2) 17 (11.5) 4 (9.3) 1 (0.7) <.001e <.001

Abbreviations: ICU, intensive care unit; IQR, interquartile range; LOS, length of
stay; LTAC, long-term acute care facility; NA, not applicable; SNF, skilled nursing
facility.
a Defined as SNF, LTAC, or death.
b Among the 405 patients who survived to discharge and had readmission data

available.

c Among the 408 patients who survived to discharge.
d After correction for multiple comparisons, no pairwise comparisons are

significant.
e Only pairwise comparisons between the group with no sarcopenia or

osteopenia and the other 3 groups are significant.
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After adjustment for age, sex, and comorbidities, radio-
logic indicators of frailty remained significant predictors of 1-year
mortality (SR+OS: HR, 9.4; 95% CI, 1.2-75.4; P = .03; SR: HR, 10.3;
95% CI, 1.3-78.8; P = .03; and OS: HR, 11.9; 95% CI, 1.3-107.4;
P = .03) (Table 3). Increased Charlson Comorbidity Index scores
(score of 1: HR, 3.2; 95% CI, 1.0-10.0; P = .05; score of 2 or greater:
HR, 6.0; 95% CI, 2.5-14.2; P < .001) also remained predictive. No
interaction variables were found to be significant, nor did their
inclusion significantly improve model performance.

Discussion
Among older trauma patients admitted to the ICU who sur-
vived to discharge, radiologic indicators of frailty were strongly
predictive of 1-year mortality even after adjustment for age, co-
morbidity, and other factors. To our knowledge, this is the first
study to demonstrate an association between sarcopenia or os-
teopenia and 1-year mortality in trauma patients and the first
study to combine radiologic quantitation of sarcopenia and os-
teopenia as indicators of underlying physical frailty syndrome
in lieu of traditional frailty assessment instruments.

Physical frailty, sarcopenia, and osteopenia are intertwined
on a pathophysiologic level.6,10-17,21-25 Traditional frailty assess-
ment instruments only include criteria for sarcopenia and osteo-

peniaimplicitlythroughsharedcharacteristics,suchasweakness,
weightloss,orfalls.35 Acknowledgingthatphysicalfrailtyencom-
passes a wider band of physiologic deficits compared with either
sarcopenia or osteopenia, it is important to avoid conflating the
3 distinct conditions. However, just as the prognostic values of
frailty assessment instruments are hinged on the presence or ab-
sence of several nonspecific criteria (eg, weight loss)—many of
which corroborate concurrent sarcopenia, osteopenia, or both—
so too do the presence of these radiologic indicators corroborate
concurrent physical frailty. This is not to suggest that radiologic
indicators can or should be used as a substitute for traditional
frailty instruments. Recent evidence suggests that the formal ad-
dition of a sarcopenia variable improves the prognostic accuracy
of traditional instruments.36

The relationships among sarcopenia, osteopenia, frailty,
age, and comorbidity are exemplified in this study through the
attenuation of HRs for radiologic frailty indicators in the ad-
justed Cox model. Note that the adjusted HRs for the SR+OS,
SR, and OS groups are reduced compared with the unad-
justed HRs. We suspect this represents the well-described in-
teraction between frailty, age, and comorbidity, where many
frail patients are concurrently and comparatively older with
more comorbidities.

In Table 3, the adjusted HRs demonstrated significant
increased risk of 1-year mortality with either sarcopenia or

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

Characteristic

Unadjusted Adjusted

HR (95% CI) P Value HR (95% CI) P Value
Frailty criteria

No osteopenia or sarcopenia 1 [Reference] NA 1 [Reference] NA

Sarcopenia and osteopenia 26.7 (3.4-206.7) .002 9.4 (1.2-75.4) .03

Sarcopenia only 17.9 (2.4-134.4) .005 10.3 (1.3-78.8) .03

Osteopenia only 14.4 (1.6-128.7) .02 11.9 (1.3-107.4) .03

Age, y

65-74 1 [Reference] NA 1 [Reference] NA

75-84 4.2 (1.5-11.8) .006 2.1 (0.7-5.9) .17

≥85 8.6 (3.1-23.8) <.001 2.9 (1.0-8.6) .06

Male sex 1.3 (0.7-2.8) .42 2.1 (1.0-4.7) .06

BMI 0.9 (0.8-0.9) .001 0.9 (0.8-1.0) .003

Updated Charlson Comorbidity
Index score

0 1 [Reference] NA 1 [Reference] NA

1 3.0 (1.0-9.1) .06 3.2 (1.0-10.0) .05

≥2 8.1 (3.6-18.4) <.001 6.0 (2.5-14.2) <.001

Fall injury mechanism 2.1 (1.0-4.3) .04 NA NA

ISS 1.0 (0.9-1.0) .32 NA NA

Maximum AIS score

Head 0.9 (0.6-1.4) .72 NA NA

Chest 0.8 (0.6-1.0) .03 NA NA

Spine 1.0 (0.8-1.2) .83 NA NA

Ever ventilated 1.2 (0.6-2.5) .62 NA NA

Operative management 0.9 (0.4-1.8) .72 NA NA

Any in-hospital complication 2.3 (1.1-4.9) .02 2.9 (1.3-6.5) .01

ICU LOS 1.0 (1.0-1.1) .37 NA NA

Hospital LOS 1.0 (1.0-1.0) .41 NA NA

Discharge to SNF/LTAC 1.5 (0.7-3.0) .26 NA NA

Readmission within 30 d 0.9 (0.4-2.2) .83 NA NA

Abbreviations: AIS, Abbreviated
Injury Scale; BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
HR, hazard ratio; ICU, intensive care
unit; ISS, injury severity score;
LOS, length of stay; LTAC, long-term
acute care facility; NA, not applicable;
SNF, skilled nursing facility.
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osteopenia. Naturally, we had expected an even higher risk of
death for patients with both osteopenia and sarcopenia. How-
ever, patients in that group had similar HRs and 95% CIs. This
could be a result of the adjustment for comorbidity, which was
higher in the SR+OS group, or an artifact of low precision in
the point estimates and broadly overlapping 95% CIs. Regard-
less, sarcopenia and osteopenia remain predictive of mortal-
ity in all groups with substantive HRs, even after adjustment.

More than half of the patients in this cohort exhibited at
least 1 radiologic indicator of frailty, which is concordant with
previous investigators’ findings.7,37 This underscores recent dis-
cussions of frailty as an important predictor of outcomes, given
its prevalence in the general population.6

Interestingly, we did not find an association between
radiologic indicators of frailty and short-term outcomes,
which contrasts w ith other studies in the trauma
population.7,9,19 One explanation is related to our patient
selection being limited to ICU admissions only. Given the
physiologic burden of trauma requiring ICU admission, the
trauma itself may direct hospital course and short-term out-
comes. This overriding effect of trauma on other contribut-
ing factors is the reason why we excluded patients with
maximum head AIS scores of 3 or above, as devastating head
injuries often dictate prognosis. Although we aimed for a
homogenous cohort by limiting ourselves to patients from
the ICU, it would be interesting to know how radiologic indi-
cators of frailty are associated with short-term and long-
term outcomes in patients with lower acuity.

We also investigated the association of fall-related mecha-
nism of injury between radiologic indicators of frailty and our
study outcomes. Although there was a higher proportion of fall-
related injuries with increasing frailty, in adjusted analysis, this
mechanism was not predictive of mortality. In other words, af-
ter adjustment for underlying frailty, fall-related injury was not
predictive of mortality.

The void in frailty assessment of acutely injured patients
is the reason why we chose the ICU population. Many pa-
tients in this setting are unable to participate in functional test-
ing, unable to complete self-report of deficits, or do not have
surrogates who are able to accurately answer personal deficit-
related questions (eg, attitude toward health, loneliness, or
sexual activity).38 While we used a research-oriented soft-
ware package for our image analysis, clinically practical ra-
diologic protocols to calculate muscle cross-sectional area and
vertebral body density can be developed. Although the use-
fulness of such implementations remains prognostic at present,
it is easy to imagine a risk-based intervention that uses radio-
logic indicators of frailty to guide patient selection, track prog-
ress, and lend outcome measures.

The findings from this study demonstrate an objective
method of identifying radiologic indicators of frailty, which can
be used when traditional frailty assessment instruments can-
not. Radiologic evidence of sarcopenia and osteopenia may not
diagnose physical frailty but are useful screening tools that may
indicate concomitant physical frailty. It is our hope the find-
ings from this study will advance the discussion regarding op-
portunistic imaging and frailty assessment.

Limitations
There are several limitations that should be considered when
interpreting this study. We did not directly assess frailty using
any traditional frailty assessment instrument. While previous
investigators have undoubtedly shown the relationships and in-
teractions between sarcopenia, osteopenia, and frailty,10-14,19,21-23

we could not exhibit these relationships. This is primarily be-
cause of the retrospective nature of the study, which itself con-
fers the accordant biases associated with retrospective re-
search. We also did not assess preinjury disability, which is
another important concurrent condition among older patients
with frailty and comorbidity.21 Our study was limited to the
trauma population at a single level I center, with predomi-
nately white, non-Hispanic representation, which reflects the
overall population diversity of Washington. Although the use
of a single institution and robust registries associated with
trauma research–facilitated data acquisition and integrity in this
study, the specific population limits generalizability. There is also
a selection bias introduced by analyzing only patients with an
available abdominopelvic CT scan, which may have selected for
a study cohort who clinically appeared to have more severe in-
juries. Finally, as this study captured CT imaging performed
within the first 48 hours of admission, it is possible that fluid
resuscitation in some patients might have increased the total
muscle cross-sectional area measured. However, very few pa-
tients without measured sarcopenia died within a year, which
suggests that the sarcopenia muscle index threshold used in this
study performed well regardless of fluid status.

Conclusions
In a retrospective cohort study of older ICU trauma patients
who survived to hospital discharge, sarcopenia and osteope-
nia as radiologic indicators of frailty were predictive of 1-year
mortality. More than half of older trauma patients have sar-
copenia, osteopenia, or both. Screening for radiologic indica-
tors of frailty augments our current prognostic ability, which
may help early risk stratification and the design of tailored in-
terventions for this subset of older trauma patients.

ARTICLE INFORMATION

Accepted for Publication: August 28, 2016.

Published Online: December 28, 2016.
doi:10.1001/jamasurg.2016.4604

Author Affiliations: Section of General, Thoracic,
and Vascular Surgery, Department of Surgery,
Virginia Mason Medical Center, Seattle, Washington
(Kaplan); Division of Gerontology and Geriatric

Medicine, Department of Medicine, Harborview
Medical Center, University of Washington, Seattle
(Kaplan, Damodarasamy, Reed); Division of Trauma,
Burn, and Critical Care Surgery, Department of
Surgery, Harborview Medical Center, University of
Washington, Seattle (Pham, Arbabi); Department of
Radiology, Harborview Medical Center, University
of Washington, Seattle (Gross); Department of
Anesthesiology and Pain Medicine, Harborview

Medical Center, University of Washington, Seattle
(Bentov); Department of Orthopaedics and Sports
Medicine, Harborview Medical Center, University of
Washington, Seattle (Taitsman); Division of
Emergency Medicine, Department of Medicine,
Harborview Medical Center, University of
Washington, Seattle (Mitchell).

Author Contributions: Dr Kaplan had full access to
all of the data in the study and takes responsibility

Radiologic Indicators of Frailty and 1-Year Mortality in Older Trauma Patients Original Investigation Research

jamasurgery.com (Reprinted) JAMA Surgery February 2017 Volume 152, Number 2 7/8

Copyright 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 03/06/2022

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamasurg.2016.4604&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2016.4604
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2016.4604


Copyright 2017 American Medical Association. All rights reserved.

for the integrity of the data and the accuracy of the
data analysis.
Study concept and design: Kaplan, Pham, Arbabi,
Taitsman, Mitchell, Reed.
Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Kaplan, Pham,
Taitsman, Reed.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Kaplan.
Obtained funding: Kaplan, Reed.
Administrative, technical, or material support:
Kaplan, Pham, Gross, Damodarasamy, Taitsman,
Mitchell, Reed.
Study supervision: Kaplan, Pham, Arbabi, Gross,
Taitsman, Mitchell, Reed.

Conflict of Interest Disclosures: Dr Mitchell
received institutional support from the Washington
State Department of Labor and Industries for his
efforts on this study. No other disclosures were
reported.

Funding/Support: This research was supported by
the John A. Hartford Foundation Center of
Excellence in Geriatric Medicine and Training at the
University of Washington and the Patterson
Surgery Research Endowment at Benaroya
Research Institute/Virginia Mason.

Role of the Funder/Sponsor: The funders had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Additional Contributions: We acknowledge Zeyno
Shorter, PhD, MPH (Washington State Department
of Health, Tumwater), Elisabeth S. Young, BS
(University of Washington Medical Student Training
in Aging Research Program, Seattle), and Grace So
(University of Washington, Seattle) for their
assistance in data acquisition. These contributors
were not compensated for their work.

REFERENCES

1. National Trauma Data Bank (NTDB). NTDB 2015
annual report. https://www.facs.org/quality
-programs/trauma/ntdb/docpub. Accessed
February 24, 2016.

2. Fawcett VJ, Flynn-O’Brien KT, Shorter Z, et al.
Risk factors for unplanned readmissions in older
adult trauma patients in Washington State:
a competing risk analysis. J Am Coll Surg. 2015;220
(3):330-338.

3. DeLa’O CM, Kashuk J, Rodriguez A, Zipf J,
Dumire RD. The Geriatric Trauma Institute: reducing
the increasing burden of senior trauma care. Am J
Surg. 2014;208(6):988-994.

4. Min L, Cryer H, Chan C-L, Roth C, Tillou A.
Quality of care delivered before vs after a
quality-improvement intervention for acute
geriatric trauma. J Am Coll Surg. 2015;220(5):
820-830.

5. Mackersie RC; Care of the Underserved. For the
care of the underserved. J Trauma Acute Care Surg.
2014;77(5):653-659.

6. Morley JE, Vellas B, van Kan GA, et al. Frailty
consensus: a call to action. J Am Med Dir Assoc.
2013;14(6):392-397.

7. Joseph B, Pandit V, Zangbar B, et al. Superiority
of frailty over age in predicting outcomes among

geriatric trauma patients: a prospective analysis.
JAMA Surg. 2014;149(8):766-772.

8. Maxwell CA, Mion LC, Mukherjee K, et al.
Feasibility of screening for preinjury frailty in
hospitalized injured older adults. J Trauma Acute
Care Surg. 2015;78(4):844-851.

9. Joseph B, Pandit V, Zangbar B, et al. Validating
trauma-specific frailty index for geriatric trauma
patients: a prospective analysis. J Am Coll Surg.
2014;219(1):10-17.e1.

10. Bauer JM, Sieber CC. Sarcopenia and frailty:
a clinician’s controversial point of view. Exp Gerontol.
2008;43(7):674-678.

11. Landi F, Calvani R, Cesari M, et al. Sarcopenia as
the biological substrate of physical frailty. Clin
Geriatr Med. 2015;31(3):367-374.

12. Cesari M, Landi F, Vellas B, Bernabei R, Marzetti
E. Sarcopenia and physical frailty: two sides of the
same coin. Front Aging Neurosci. 2014;6:192.

13. Cooper C, Dere W, Evans W, et al. Frailty and
sarcopenia: definitions and outcome parameters.
Osteoporos Int. 2012;23(7):1839-1848.

14. Morley JE, von Haehling S, Anker SD, Vellas B.
From sarcopenia to frailty: a road less traveled.
J Cachexia Sarcopenia Muscle. 2014;5(1):5-8.

15. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al;
European Working Group on Sarcopenia in Older
People. Sarcopenia: European consensus on
definition and diagnosis: report of the European
Working Group on Sarcopenia in Older People. Age
Ageing. 2010;39(4):412-423.

16. Levolger S, van Vugt JL, de Bruin RW, IJzermans
JN. Systematic review of sarcopenia in patients
operated on for gastrointestinal and
hepatopancreatobiliary malignancies. Br J Surg.
2015;102(12):1448-1458.

17. Landi F, Cruz-Jentoft AJ, Liperoti R, et al.
Sarcopenia and mortality risk in frail older persons
aged 80 years and older: results from ilSIRENTE
study. Age Ageing. 2013;42(2):203-209.

18. Moisey LL, Mourtzakis M, Cotton BA, et al;
Nutrition and Rehabilitation Investigators
Consortium (NUTRIC). Skeletal muscle predicts
ventilator-free days, ICU-free days, and mortality in
elderly ICU patients. Crit Care. 2013;17(5):R206.

19. Fairchild B, Webb TP, Xiang Q, Tarima S, Brasel
KJ. Sarcopenia and frailty in elderly trauma patients.
World J Surg. 2015;39(2):373-379.

20. Mueller N, Murthy S, Tainter CR, et al. Can
sarcopenia quantified by ultrasound of the rectus
femoris muscle predict adverse outcome of surgical
intensive care unit patients as well as frailty?
a prospective, observational cohort study. Ann Surg.
2015;264(6):1116-1124.

21. Fried LP, Ferrucci L, Darer J, Williamson JD,
Anderson G. Untangling the concepts of disability,
frailty, and comorbidity: implications for improved
targeting and care. J Gerontol A Biol Sci Med Sci.
2004;59(3):255-263.

22. Frisoli A Jr, Chaves PH, Ingham SJM, Fried LP.
Severe osteopenia and osteoporosis, sarcopenia,
and frailty status in community-dwelling older
women: results from the Women’s Health and
Aging Study (WHAS) II. Bone. 2011;48(4):952-957.

23. Topinková E. Aging, disability and frailty. Ann
Nutr Metab. 2008;52(suppl 1):6-11.

24. Ensrud KE, Ewing SK, Cawthon PM, et al;
Osteoporotic Fractures in Men Research Group.

A comparison of frailty indexes for the prediction of
falls, disability, fractures, and mortality in older
men. J Am Geriatr Soc. 2009;57(3):492-498.

25. Ensrud KE, Ewing SK, Taylor BC, et al.
Comparison of 2 frailty indexes for prediction of
falls, disability, fractures, and death in older women.
Arch Intern Med. 2008;168(4):382-389.

26. de Vries OJ, Peeters GM, Lips P, Deeg DJ. Does
frailty predict increased risk of falls and fractures?
a prospective population-based study. Osteoporos
Int. 2013;24(9):2397-2403.

27. Johnell O, Kanis JA, Oden A, et al. Predictive
value of BMD for hip and other fractures. J Bone
Miner Res. 2005;20(7):1185-1194.

28. Bliuc D, Alarkawi D, Nguyen TV, Eisman JA,
Center JR. Risk of subsequent fractures and
mortality in elderly women and men with fragility
fractures with and without osteoporotic bone
density: the Dubbo Osteoporosis Epidemiology
Study. J Bone Miner Res. 2015;30(4):637-646.

29. Pickhardt PJ, Pooler BD, Lauder T, del Rio AM,
Bruce RJ, Binkley N. Opportunistic screening for
osteoporosis using abdominal computed
tomography scans obtained for other indications.
Ann Intern Med. 2013;158(8):588-595.

30. Prado CM, Lieffers JR, McCargar LJ, et al.
Prevalence and clinical implications of sarcopenic
obesity in patients with solid tumours of the
respiratory and gastrointestinal tracts:
a population-based study. Lancet Oncol. 2008;9(7):
629-635.

31. Boutin RD, Yao L, Canter RJ, Lenchik L.
Sarcopenia: current concepts and imaging
implications. AJR Am J Roentgenol. 2015;205(3):
W255-W266.

32. Pickhardt PJ, Lee LJ, del Rio AM, et al.
Simultaneous screening for osteoporosis at CT
colonography: bone mineral density assessment
using MDCT attenuation techniques compared with
the DXA reference standard. J Bone Miner Res.
2011;26(9):2194-2203.

33. Quan H, Li B, Couris CM, et al. Updating and
validating the Charlson comorbidity index and score
for risk adjustment in hospital discharge abstracts
using data from 6 countries. Am J Epidemiol. 2011;
173(6):676-682.

34. Suzman R, Riley MW. Introducing the “oldest
old.” Milbank Mem Fund Q Health Soc. 1985;63(2):
177-186.

35. Buta BJ, Walston JD, Godino JG, et al. Frailty
assessment instruments: systematic
characterization of the uses and contexts of
highly-cited instruments. Ageing Res Rev. 2016;26:
53-61.

36. Buettner S, Wagner D, Kim Y, et al. Inclusion of
sarcopenia outperforms the modified frailty index
in predicting 1-year mortality among 1,326 patients
undergoing gastrointestinal surgery for a malignant
indication. J Am Coll Surg. 2016;222(4):397-407.e2.

37. Collard RM, Boter H, Schoevers RA, Oude
Voshaar RC. Prevalence of frailty in
community-dwelling older persons: a systematic
review. J Am Geriatr Soc. 2012;60(8):1487-1492.

38. McDonald VS, Thompson KA, Lewis PR, Sise
CB, Sise MJ, Shackford SR. Frailty in trauma:
a systematic review of the surgical literature for
clinical assessment tools. J Trauma Acute Care Surg.
2016;80(5):824-834.

Research Original Investigation Radiologic Indicators of Frailty and 1-Year Mortality in Older Trauma Patients

8/8 JAMA Surgery February 2017 Volume 152, Number 2 (Reprinted) jamasurgery.com

Copyright 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 03/06/2022

https://www.facs.org/quality-programs/trauma/ntdb/docpub
https://www.facs.org/quality-programs/trauma/ntdb/docpub
https://www.ncbi.nlm.nih.gov/pubmed/25542280
https://www.ncbi.nlm.nih.gov/pubmed/25542280
https://www.ncbi.nlm.nih.gov/pubmed/25440484
https://www.ncbi.nlm.nih.gov/pubmed/25440484
https://www.ncbi.nlm.nih.gov/pubmed/25840534
https://www.ncbi.nlm.nih.gov/pubmed/25840534
https://www.ncbi.nlm.nih.gov/pubmed/25494413
https://www.ncbi.nlm.nih.gov/pubmed/25494413
https://www.ncbi.nlm.nih.gov/pubmed/23764209
https://www.ncbi.nlm.nih.gov/pubmed/23764209
https://www.ncbi.nlm.nih.gov/pubmed/24920308
https://www.ncbi.nlm.nih.gov/pubmed/25742247
https://www.ncbi.nlm.nih.gov/pubmed/25742247
https://www.ncbi.nlm.nih.gov/pubmed/24952434
https://www.ncbi.nlm.nih.gov/pubmed/24952434
https://www.ncbi.nlm.nih.gov/pubmed/18440743
https://www.ncbi.nlm.nih.gov/pubmed/18440743
https://www.ncbi.nlm.nih.gov/pubmed/26195096
https://www.ncbi.nlm.nih.gov/pubmed/26195096
https://www.ncbi.nlm.nih.gov/pubmed/25120482
https://www.ncbi.nlm.nih.gov/pubmed/22290243
https://www.ncbi.nlm.nih.gov/pubmed/24526568
https://www.ncbi.nlm.nih.gov/pubmed/20392703
https://www.ncbi.nlm.nih.gov/pubmed/20392703
https://www.ncbi.nlm.nih.gov/pubmed/26375617
https://www.ncbi.nlm.nih.gov/pubmed/26375617
https://www.ncbi.nlm.nih.gov/pubmed/23321202
https://www.ncbi.nlm.nih.gov/pubmed/24050662
https://www.ncbi.nlm.nih.gov/pubmed/25249011
https://www.ncbi.nlm.nih.gov/pubmed/26655919
https://www.ncbi.nlm.nih.gov/pubmed/26655919
https://www.ncbi.nlm.nih.gov/pubmed/15031310
https://www.ncbi.nlm.nih.gov/pubmed/15031310
https://www.ncbi.nlm.nih.gov/pubmed/21195216
https://www.ncbi.nlm.nih.gov/pubmed/18382070
https://www.ncbi.nlm.nih.gov/pubmed/18382070
https://www.ncbi.nlm.nih.gov/pubmed/19245414
https://www.ncbi.nlm.nih.gov/pubmed/18299493
https://www.ncbi.nlm.nih.gov/pubmed/23430104
https://www.ncbi.nlm.nih.gov/pubmed/23430104
https://www.ncbi.nlm.nih.gov/pubmed/15940371
https://www.ncbi.nlm.nih.gov/pubmed/15940371
https://www.ncbi.nlm.nih.gov/pubmed/25359586
https://www.ncbi.nlm.nih.gov/pubmed/23588747
https://www.ncbi.nlm.nih.gov/pubmed/18539529
https://www.ncbi.nlm.nih.gov/pubmed/18539529
https://www.ncbi.nlm.nih.gov/pubmed/26102307
https://www.ncbi.nlm.nih.gov/pubmed/26102307
https://www.ncbi.nlm.nih.gov/pubmed/21590738
https://www.ncbi.nlm.nih.gov/pubmed/21590738
https://www.ncbi.nlm.nih.gov/pubmed/21330339
https://www.ncbi.nlm.nih.gov/pubmed/21330339
https://www.ncbi.nlm.nih.gov/pubmed/3846808
https://www.ncbi.nlm.nih.gov/pubmed/3846808
https://www.ncbi.nlm.nih.gov/pubmed/26674984
https://www.ncbi.nlm.nih.gov/pubmed/26674984
https://www.ncbi.nlm.nih.gov/pubmed/26803743
https://www.ncbi.nlm.nih.gov/pubmed/22881367
https://www.ncbi.nlm.nih.gov/pubmed/26881488
https://www.ncbi.nlm.nih.gov/pubmed/26881488
http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2016.4604

