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Superiority of Frailty Over Age in Predicting Outcomes
Among Geriatric Trauma Patients
A Prospective Analysis
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Randall S. Friese, MD; Peter Rhee, MD

IMPORTANCE The Frailty Index (FI) is a known predictor of adverse outcomes in geriatric
patients. The usefulness of the FI as an outcome measure in geriatric trauma patients is
unknown.

OBJECTIVE To assess the usefulness of the FI as an effective assessment tool in predicting
adverse outcomes in geriatric trauma patients.

DESIGN, SETTING, AND PARTICIPANTS A 2-year (June 2011 to February 2013) prospective
cohort study at a level I trauma center at the University of Arizona. We prospectively
measured frailty in all geriatric trauma patients. Geriatric patients were defined as those 65
years or older. The FI was calculated using 50 preadmission frailty variables. Frailty in patients
was defined by an FI of 0.25 or higher.

MAIN OUTCOMES AND MEASURES The primary outcome measure was in-hospital
complications. The secondary outcome measure was adverse discharge disposition.
In-hospital complications were defined as cardiac, pulmonary, infectious, hematologic, renal,
and reoperation. Adverse discharge disposition was defined as discharge to a skilled nursing
facility or in-hospital mortality. Multivariate logistic regression was used to assess the
relationship between the FI and outcomes.

RESULTS In total, 250 patients were enrolled, with a mean (SD) age of 77.9 (8.1) years, median
Injury Severity Score of 15 (range, 9-18), median Glasgow Coma Scale score of 15 (range,
12-15), and mean (SD) FI of 0.21 (0.10). Forty-four percent (n = 110) of patients had frailty.
Patients with frailty were more likely to have in-hospital complications (odds ratio, 2.5; 95%
CI, 1.5-6.0; P = .001) and adverse discharge disposition (odds ratio, 1.6; 95% CI, 1.1-2.4;
P = .001). The mortality rate was 2.0% (n = 5), and all patients who died had frailty.

CONCLUSIONS AND RELEVANCE The FI is an independent predictor of in-hospital
complications and adverse discharge disposition in geriatric trauma patients. This index
should be used as a clinical tool for risk stratification in this patient group.
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T he geriatric population is the fastest-growing segment
in the US population, accounting for more than 20% of
all hospital admissions.1,2 Geriatric patients are living

longer and leading active lifestyles, resulting in an increase in
the burden of this patient group across trauma centers.3,4 The
management of these patients is challenging, with wide dis-
parities in outcomes across centers.4,5

Studies4-7 have shown that early assessment and identi-
fication of vulnerable patients is an important determinant of
outcomes in trauma patients. Mechanism of injury, Injury Se-
verity Score, vital signs on presentation, comorbidities, and
medication history are known to be associated with the de-
velopment of in-hospital complications, longer hospital length
of stay, and adverse discharge disposition in trauma
patients.3,8-12 Several scoring systems have been developed to
predict outcomes in this patient group.8-12 However, the use-
fulness of these commonly used assessment tools is limited
because they fail to assess the altered physiological capacity
among geriatric trauma patients.

Frailty is defined as a syndrome of decreased physiologi-
cal reserve and resistance to stressors, which results in in-
creased vulnerability to poor health outcomes, worsening mo-
bility and disability, hospitalizations, and death.3,13,14 It has
been shown to predict in-hospital complications, discharge to
institutional care, and mortality among geriatric surgical
patients.15-22 However, the role of frailty in trauma patients re-
mains unclear. The current guidelines defining the manage-
ment of geriatric trauma patients fail to take into account the
low physiological reserve and the altered response to injury
in these patients.6,23 In addition, these guidelines highlight the
lack of an effective assessment tool for evaluating outcomes
in geriatric trauma patients. The aim of our study was to as-
sess the usefulness of the Frailty Index (FI) as an assessment
tool in predicting outcomes in geriatric trauma patients. We
hypothesized that the FI is an effective tool to predict ad-
verse outcomes in this patient group.

Methods
After approval from the institutional review board at the Uni-
versity of Arizona College of Medicine, we performed a 2-year
(June 2011 to February 2013) prospective cohort study of all geri-
atric trauma patients seen at our level I trauma center. Writ-
ten informed consent was obtained from all patients. Geri-

atric patients were defined as those 65 years or older. Geriatric
trauma patients with in-hospital admission were included in
the study. Patients transferred from other institutions, from
a rehabilitation center, or from a skilled nursing facility were
excluded from the study, as were patients who did not con-
sent to enrollment and patients who were intubated or non-
responsive without family members, in whom the FI could not
be calculated. The Figure shows the algorithm for patient in-
clusion in our study.

Data Collection
For each patient, we prospectively recorded the following data:
patient demographics (age, sex, and race/ethnicity), injury
characteristics (type and mechanism of injury), and vital signs
on presentation (Glasgow Coma Scale score, systolic blood pres-
sure, heart rate, and body temperature), as well as the need
for operative intervention, in-hospital complications, hospi-
tal and intensive care unit lengths of stay, and discharge dis-
position. We obtained the Injury Severity Score and the head
Abbreviated Injury Scale score from the trauma registry.

Study Protocol
The study protocol was 5-fold. First, geriatric patients were ap-
proached by a single investigator (B.J., V.P, or B.Z.) on the first
day of their hospital admission for enrollment in the study. Sec-
ond, after providing informed consent, patients received an
explanation of the variables comprising the Frailty Index Ques-
tionnaire, including clarification that the questionnaire as-
sesses the patient’s preinjury condition. Third, each patient re-
sponded to the Frailty Index Questionnaire, and the FI was
calculated based on the responses; in the case of intubated or
nonresponsive patients, information on any preexisting neu-
rologic condition and on the severity of injury was obtained
from the patient’s closest relative, or the patient was ex-
cluded from the study if family members were unavailable.
Fourth, each patient was followed up during the hospital
course, and data were collected. Fifth, no clinical decisions
were made based on the patient’s FI.

Frailty Index
For our study, we used the 50-variable FI by Searle et al,13 which
was obtained from the Canadian Study of Health and Aging.
The variables gathered were patient demographics (age, co-
morbidities, and medication history), social activity, activi-
ties of daily living, nutritional status, and general mood. The

Figure. Algorithm for Patient Inclusion in the Study

486 Geriatric trauma patients

302 Approached for enrollment184 Discharged

250 Enrolled52 Excluded

140 Nonfrail status110 Frail status

In total, 250 consecutive geriatric
trauma patients were prospectively
enrolled, 44.0% (n = 110) of whom
had frailty.
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eAppendix in the Supplement contains details on the 50-
variable FI used in our study. The presence of a deficit in the
patient was scored as 1 point. Most variables in the FI were di-
chotomized (ie, 1 point when a deficit was present and 0 points
when no deficit was present), while other variables had mul-
tiple categories (eg, for a history of falls, “most of the time”
was scored as 1 point, “sometimes” was scored 0.5 point, and
“never” was scored as 0 points). The FI was calculated as the
total number of deficits present in the patient divided by the
total number of variables (n = 50) in the Frailty Index Ques-
tionnaire. The FI ranged from 0 (representing nonfrail status)
to 1 (representing severely frail status). Patients were then
stratified into 2 groups as frail or nonfrail based on their FI. We
chose the established optimal cutoff of 0.25 for dichotomiz-
ing patients into frail and nonfrail categories.13 An FI of 0.25
is the standardized cutoff to define frailty in patients accord-
ing to the FI by Searle et al.13

Outcome Measures
The primary outcome measure was the development of in-
hospital complications. The secondary outcome measure was
adverse discharge disposition. We defined in-hospital com-
plications as cardiac (myocardial infarction and cardiopulmo-
nary arrest), pulmonary (pneumonia and pulmonary embo-
lism), infectious (sepsis and urinary tract infections),
hematologic (deep venous thrombosis and disseminated in-
travascular coagulation), renal (renal insufficiency), and re-
operation. We defined adverse discharge disposition as dis-
charge to a skilled nursing facility or in-hospital mortality.

Statistical Analysis
Data are reported as means (SDs) for continuous descriptive
variables, as medians (ranges) for ordinal descriptive vari-
ables, and as proportions for categorical variables. To analyze
data, we used t test for parametric variables and Mann-
Whitney test for nonparametric variables. χ2 Test was used to
assess differences in proportions for categorical variables.
Spearman rank correlation analysis was performed to assess
the correlation between age and the FI. Univariate analysis was
performed to assess the association between factors and out-
come measures. Variables with a significant (P ≤ .20) associa-
tion on univariate analysis were then used in a multivariate
logistic regression model to identify independent factors as-
sociated with outcomes. On multivariate logistic regression
analysis, variables were considered significant at P ≤ .05. For
all statistical analyses, we used commercially available soft-
ware (STATA Data Analysis and Statistical Software version 11.0;
StataCorp LP).

Results
In total, 250 consecutive geriatric trauma patients were pro-
spectively enrolled, 44.0% (n = 110) of whom had frailty. The
Figure shows the algorithm for patient inclusion in the study.
The mean age was 77.9 (8.1) years, 69.2% (n = 173) were male,
the median Injury Severity Score was 15 (9-18), the median head
Abbreviated Injury Scale score was 2 (2-3), the median Glasgow

Coma Scale score was 15 (12-15), and the mean FI was 0.21 (0.10).
No differences between patients with vs without frailty were
observed in age (P = .21), mechanism of injury (P = .09), sys-
tolic blood pressure (P = .30), or Glasgow Coma Scale score
(P = .91) on presentation. Patients with frailty were more likely
to have a higher Injury Severity Score (P = .04) and a higher mean
FI (P = .01) than patients without frailty. No significant corre-
lation was found between the FI and age (R2 = 0.47, P = .18).
Table 1 lists the demographics of our study population.

Complications and Discharge Disposition
In total, 28.4% (n = 71) of patients developed in-hospital com-
plications. Patients with frailty were more likely to develop in-
hospital complications than patients without frailty (37.3% vs
21.4%, P = .001). Urinary tract infections (n = 12), followed by
pneumonia (n = 10), were the most common complications
among patients with frailty.

Overall, 7.2% (n = 18) of patients underwent operative in-
tervention, 38.9% (n = 7) of whom underwent reoperation. No
difference was observed in the rates of reoperation between
patients with vs without frailty (P = .54). Table 2 lists the in-
hospital complications in patients with and without frailty.

Table 3 lists the outcomes of the study population. Pa-
tients with frailty had longer hospital length of stay (P = .01)
and intensive care unit length of stay (P = .01) than patients

Table 1. Characteristics of the Study Population

Variable
Frail Status
(n = 110)

Nonfrail Status
(n = 140) P Value

Demographics

Age, y

Mean (SD) 75.2 (8.0) 76.1 (7.8) .21

65-74, No. (%) 52 (47.3) 69 (49.3) .74

75-84, No. (%) 35 (31.8) 47 (33.6) .89

≥85, No. (%) 23 (20.9) 24 (17.1) .20

Male sex, No. (%) 75 (68.2) 98 (70.0) .80

White race/ethnicity, No. (%) 95 (86.4) 122 (87.1) .76

Insured status, No. (%) 96 (87.3) 125 (89.3) .61

Frailty Index, mean (SD) 0.31 (0.09) 0.20 (0.05) .01

ED Vital Signs

Systolic blood pressure, mean
(SD), mm Hg

137.0 (32.2) 132.0 (28.7) .30

Heart rate, mean (SD),
beats/min

85.4 (14.7) 87.7 (17.6) .96

Body temperature, mean (SD),
°C

36.4 (0.4) 36.7 (0.8) .44

Glasgow Coma Scale score,
median (range)

15 (3-15) 15 (3-15) .91

Injury Severity

Mechanism of injury, No. (%)

Fall 74 (67.3) 88 (62.9) .58

Motor vehicle crash 28 (25.5) 36 (25.7) .92

Injury Severity Score

Median (IQR) 16 (9-16) 15 (9-17) .04

Injury Severity Score ≥16, No.
(%)

35 (31.8) 28 (20.0) .03

Head Abbreviated Injury Scale
score, median (IQR)

2 (2-3) 2 (2-3) .17

Abbreviations: ED, emergency department; IQR, interquartile range.
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without frailty. In total, 23.6% (n = 59) had adverse discharge
disposition (54 to a skilled nursing facility and 5 in-hospital
deaths). Patients with frailty were more likely to have ad-
verse discharge disposition than patients without frailty (37.3%
vs 12.9%, P = .001). The overall mortality rate was 2.0% (n = 5).
All patients who died in-hospital had frailty.

Factors Associated With In-Hospital Complications
On univariate analysis, an FI of 0.25 or higher was associated
with the development of in-hospital complications (P = .01).
Age (P = .02), systolic blood pressure (P = .04), heart rate
(P = .11), and Injury Severity Score (P = .01) were also associ-
ated with the development of in-hospital complications. Af-
ter adjusting for age, systolic blood pressure, heart rate, and

Injury Severity Score in a multivariate regression model, an FI
of 0.25 or higher was an independent predictor of the devel-
opment of in-hospital complications (P = .001). Table 4 sum-
marizes the results of the univariate and multivariate regres-
sion analyses for factors associated with in-hospital
complications.

After stratifying patients into 3 groups based on age (65-74
years, 75-84 years, and ≥85 years), an FI of 0.25 or higher re-
mained an independent predictor of the development of in-
hospital complications in each group. Table 5 summarizes the
results of the multivariate regression analysis after stratify-
ing the study population by age.

Factors Associated With Adverse Discharge Disposition
Univariate analysis identified factors associated with
adverse discharge disposition. These included an FI of 0.25
or higher (P = .001), age (P = .03), male sex (P = .04), insur-
ance status (P = .09), Glasgow Coma Scale score on presen-
tation (P = .04), mechanism of injury (P = .09), Injury Sever-
ity Score (P = .02), and head Abbreviated Injury Scale score
(P = .04).

Table 2. In-Hospital Complications

Complication

No. (%)

P
Value

Frail
Status

(n = 110)

Nonfrail
Status

(n = 140)
Infectious

Sepsis 4 (3.6) 2 (1.4) .01

Urinary tract 12 (10.9) 9 (6.4) .04

Hematologic

Deep venous thrombosis 7 (6.4) 5 (3.6) .01

Disseminated intravascular
coagulation

2 (1.8) 2 (1.4) .10

Pulmonary

Pneumonia 10 (9.1) 6 (4.3) .01

Pulmonary embolism 2 (1.8) 3 (2.1) .11

Reoperation 4 (3.6) 3 (2.1) .54

Cardiac 0 0 NA

Renal 0 0 NA

Abbreviation: NA, not applicable.

Table 3. Outcome Measures

Variable
Frail Status
(n = 110)

Nonfrail Status
(n = 140) P Value

Length of stay, mean (SD), d

Hospital 7.3 (6.2) 5.4 (4.8) .01

Intensive care unit 4.6 (3.2) 3.0 (2.1) .01

Ventilator use 1.6 (0.9) 1.4 (0.7) .35

Discharge disposition, No. (%)

Home 45 (40.9) 75 (53.6) .04

Rehabilitation 24 (21.8) 47 (33.6) .04

Skilled nursing facility 36 (32.7) 18 (12.9) .01

In-hospital mortality 5 (4.5) 0 .01

Table 4. Univariate Analysis and Multivariate Analysis for Factors Associated With In-Hospital Complications

Variable

Univariate Analysis Multivariate Analysis

OR (95% CI) P Value OR (95% CI) P Value
Frailty Index ≥0.25 2.8 (2.1-7.8) .01 2.5 (1.5-6.0) .001

Age group, y

75-84 1.6 (1.2-3.4) .03 1.1 (0.7-2.9) .21

≥85 1.8 (1.1-2.9) .02 1.3 (0.9-2.1) .14

Male sex 1.2 (0.9-2.1) .14 1.1 (0.6-1.8) .47

Insured status 1.2 (0.8-4.1) .41 NA NA

ED vital signs

Systolic blood pressure 1.4 (1.1-3.1) .04 1.2 (0.9-2.6) .26

Heart rate 1.1 (0.9-1.5) .11 1.1 (0.5-5.5) .51

Respiratory rate 1.4 (0.6-2.8) .38 NA NA

Body temperature 1.2 (0.8-3.4) .40 NA NA

Glasgow Coma Scale score 1.1 (0.6-1.9) .59 NA NA

Mechanism of injury 1.4 (0.8-3.6) .42 NA NA

Injury Severity Score

9-15 1.8 (1.4-3.5) .02 1.2 (0.6-2.6) .18

≥16 2.1 (1.4-4.2) .01 1.4 (0.9-1.9) .09

Head Abbreviated Injury Scale score 1.3 (0.7-2.4) .36 NA NA

Abbreviations: ED, emergency
department; NA, not applicable; OR,
odds ratio.
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After adjusting for age, male sex, Injury Severity Score, and
mechanism of injury in a multivariate regression analysis, an
FI of 0.25 or higher was an independent predictor of adverse
discharge disposition (P = .001). Table 6 summarizes the re-
sults of the univariate and multivariate regression analyses for
factors associated with adverse discharge disposition.

Table 7 summarizes the results of the multivariate regres-
sion analysis after stratifying the study population by age. Af-
ter stratifying patients into 3 groups based on age (65-74 years,
75-84 years, and ≥85 years), an FI of 0.25 or higher remained
an independent predictor of adverse discharge disposition.

Discussion
Early assessment and identification of vulnerable patients is
critical in optimizing outcomes in geriatric trauma patients.4-7

This study demonstrates that the FI is an effective tool to pre-
dict outcomes in this patient group. Trauma patients with
frailty are more likely to develop in-hospital complications and

have adverse discharge disposition than patients without
frailty. The FI is superior to age and other routinely used as-
sessment tools for determining outcomes among geriatric
trauma patients. The FI should be used as a clinical tool for risk
stratification across trauma centers to standardize geriatric
trauma patient management.

Geriatric patients represent a growing trauma cohort with-
out well-defined guidelines for their management. The Ameri-
can College of Surgeons Trauma Quality Improvement Pro-
gram geriatric trauma management guidelines highlight the
paucity of data defining criteria to predict outcomes in in-
jured elderly patients.23 Similarly, the practice management
guidelines from the Eastern Association for the Surgery of
Trauma demonstrate a lack of robust assessment tools for pre-
dicting outcomes in geriatric patients.6 Given the higher inci-
dence of in-hospital complications, discharge to institutional
care, and mortality among geriatric trauma patients, it is im-
perative to develop assessment tools to tailor the manage-
ment of these patients. In our study, we demonstrated the use-
fulness of the FI as an assessment tool for managing this patient

Table 5. Multivariate Logistic Regression Analysis for Factors Associated With In-Hospital Complications, Categorized by Age Group

Variable

Age 65-74 y
(n = 121)

Age 75-84 y
(n = 82)

Age ≥85 y
(n = 47)

OR (95% CI) P Value OR (95% CI) P Value
OR (95%

CI) P Value
Frailty Index ≥0.25 2.4 (1.1-3.1) .01 2.6 (1.4-3.9) .01 2.8 (1.2-4.2) .01

ED vital signs

Systolic blood pressure 1.3 (0.8-2.6) .22 1.5 (0.4-3.2) .46 1.1 (0.7-2.3) .19

Heart rate 1.2 (0.9-3.6) .40 1.1 (0.4-1.9) .28 1.4 (0.6-2.5) .52

Injury Severity Score

9-15 1.2 (0.7-2.8) .58 1.2 (0.9-2.4) .30 1.1 (0.7-1.7) .17

≥16 1.6 (0.9-3.4) .25 1.3 (0.7-2.9) .18 1.2 (0.7-1.7) .09

Abbreviations: ED, emergency department; OR, odds ratio.

Table 6. Univariate Analysis and Multivariate Analysis for Factors Associated With Adverse
Discharge Disposition

Variable

Univariate Analysis Multivariate Analysis

OR (95% CI) P Value OR (95% CI) P Value
Frailty Index ≥0.25 2.2 (1.4-5.6) .001 1.6 (1.1-2.4) .001

Age group, y

75-84 1.4 (1.2-4.7) .03 1.1 (0.7-2.9) .22

≥85 1.8 (1.1-3.5) .02 1.3 (0.9-2.1) .16

Male sex 1.4 (1.1-2.5) .04 1.2 (0.8-3.1) .28

Insured status 1.3 (0.9-5.4) .09 1.1 (0.6-4.1) .37

ED vital signs

Systolic blood pressure 1.5 (0.8-3.6) .32 NA NA

Heart rate 1.1 (0.4-2.1) .56 NA NA

Respiratory rate 1.1 (0.5-4.2) .91 NA NA

Body temperature 1.2 (0.9-5.4) .44 NA NA

Glasgow Coma Scale score 1.3 (1.1-3.4) .04 1.1 (0.9-2.8) .24

Mechanism of injury 1.1 (0.9-2.6) .09 1.1 (0.7-3.2) .30

Injury Severity Score

9-15 1.5 (1.1-4.5) .04 1.1 (0.9-3.2) .16

≥16 2.1 (1.1-6.1) .02 1.4 (0.7-5.6) .09

Head Abbreviated Injury Scale score 1.4 (1.1-4.9) .04 1.2 (0.8-2.4) .11

Abbreviations: ED, emergency
department; NA, not applicable; OR,
odds ratio.
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group. We believe that the FI can be an effective tool for as-
sessing vulnerable geriatric trauma patients and for stream-
lining their management to improve outcomes.

The development of in-hospital complications is associ-
ated with decreased quality of life and increased health care
costs. Studies15-17,19,22,24 have highlighted the role of frailty in
predicting complications in geriatric patients. In our study, we
used a modification of the FI by Searle et al13 (50 variables) and
found that trauma patients with frailty were 2.5 times more
likely to develop in-hospital complications than trauma pa-
tients without frailty. Makary et al15 demonstrated that frailty
independently predicted postoperative complications in sur-
gical patients. Similarly, Saxton and Velanovich24 high-
lighted the role of frailty as an effective tool to identify el-
derly patients at higher risk of developing complications.
However, both of these studies were retrospective and in-
cluded a heterogeneous patient population undergoing elec-
tive general surgical procedures. We demonstrated that the FI
can be implemented in the acute setting of trauma and should
be used to identify patients at higher risk for the develop-
ment of complications after injury.

In our study, urinary tract infections, followed by pneu-
monia, were the most common complications seen among pa-
tients with frailty. In a series of patients undergoing colorec-
tal surgery, Kristjansson et al25 found that those with frailty
were more likely to develop pulmonary complications than
those without frailty. Similarly, Dasgupta et al26 found that pa-
tients with a high frailty score were 6 times more likely to de-
velop pulmonary complications than patients without frailty.
We believe that the higher incidence of pulmonary complica-
tions among patients with frailty is attributable to their low lung
capacity due to the altered physiological capacity in these
patients.

Discharge disposition is a critical component in the man-
agement of trauma patients. Studies8-12 have shown that age
and Injury Severity Score are significant predictors of ad-
verse discharge disposition among trauma patients. In our
study, we found that the FI is superior to age and Injury Se-
verity Score in predicting discharge disposition in trauma pa-
tients. After stratifying patients based on age, the FI re-
mained an independent predictor of adverse discharge

disposition. Robinson et al16 found that patients with frailty
were likely to require institutional care after a major elective
procedure. Similarly, Lee et al27 demonstrated that patients
with frailty were more likely to have adverse discharge dispo-
sition after cardiac surgery. In a study by Makary et al,15 frailty
was an independent predictor of adverse discharge disposi-
tion. However, all these studies were retrospective, with small
sample sizes. Furthermore, variability existed in the FI assess-
ment tool used in these studies. Our study highlights that the
FI can be implemented in the acute setting of trauma, with
similar results for surgical and nontrauma patients.

In our study, patients with frailty were more likely to have
longer hospital and intensive care unit lengths of stay and to
incur higher hospital costs. Other studies16,17,22,24,28 have shown
similar results and have demonstrated that frailty status is as-
sociated with longer hospital length of stay and with higher
hospital costs. We believe that early understanding of the pos-
sible outcomes in geriatric trauma patients will facilitate com-
munication with family members and better allocate hospi-
tal resources.

Although the Injury Severity Score was higher in our study
patients with frailty, the severity of injury was not associated
with outcomes. We believe that the low physiological reserve
and altered response to injury among patients with frailty might
have contributed to their having a higher Injury Severity Score.
Further understanding of frailty based on physiological and
biochemical mechanisms may help us better comprehend the
differences in the severity and patterns of injury among pa-
tients with vs without frailty.

Frailty is considered a state of low physiological capacity,
commonly occurring in geriatric patients. In our study, we
found no association between age and the FI. These findings
validate the concept of frailty that assesses the true physi-
ological capacity among individuals, which is independent of
their chronologic age. We believe that expanding the scope of
frailty to younger patients might be helpful in identifying the
prevalence of frailty syndrome at an earlier stage and in de-
veloping focused targeted interventions.

Wide variability exists in the tools used to assess frailty in
geriatric patients. Studies assessing frailty in surgical patients
have used the frailty criteria developed by Makary et al15 and

Table 7. Multivariate Logistic Regression Analysis for Factors Associated With Adverse Discharge Disposition, Categorized by Age

Variable

Age 65-74 y
(n = 121)

Age 75-84 y
(n = 82)

Age ≥85 y
(n = 47)

OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value
Frailty Index ≥0.25 1.6 (1.2-2.5) .01 1.4 (1.1-2.9) .01 1.5 (1.1-3.1) .02

Male sex 1.2 (0.7-1.8) .40 1.1 (0.9-3.1) .59 1.1 (0.8-4.5) .22

Insured status 1.3 (0.9-2.6) .13 1.4 (0.7-3.3) .47 1.1 (0.7-4.7) .71

ED Glasgow Coma Scale score 1.1 (0.5-2.8) .35 1.3 (0.9-3.1) .41 1.1 (0.8-2.6) .28

Mechanism of injury 1.0 (0.7-2.1) .55 1.2 (0.9-3.1) .25 1.2 (0.8-1.9) .09

Injury Severity Score

9-15 1.4 (0.6-2.4) .47 1.3 (0.7-1.8) .21 1.2 (0.9-1.9) .13

≥16 1.3 (0.8-2.1) .26 1.4 (0.9-2.5) .10 1.3 (0.8-1.8) .09

Head Abbreviated Injury Scale score 1.1 (0.6-1.7) .18 1.2 (0.9-2.2) .15 1.1 (0.8-1.5) .18

Abbreviations: ED, emergency department; OR, odds ratio.
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by Kristjansson et al25 (weight loss, exhaustion, weakness, walk-
ing speed, and physical activity) and the FI by Searle et al13 (70
variables) to assess outcomes in patients.3,16,17,20 However, an
ideal tool for the clinical assessment of frailty remains contro-
versial. In our study, we used a modification of the FI by Searle
et al13 with 50 variables to assess outcomes in trauma patients,
which we believe is a more comprehensive tool that is more fea-
sible to implement in the trauma setting than the frailty score
by Makary et al15 and by Kristjansson et al.25 In addition, the de-
velopment of a trauma FI with fewer variables is required for
assessing frailty in the emergency department.

Our study has some limitations. First, we did not evalu-
ate the effect of frailty on long-term functional outcomes and
on quality of life. Second, our results were obtained at a single

academic medical center and may not be generalizable be-
yond similar patients. Despite these limitations, our study dem-
onstrates the usefulness of the FI as an effective tool to pre-
dict adverse outcomes in geriatric trauma patients.

Conclusions
The FI is an independent predictor of in-hospital complica-
tions and adverse discharge disposition among geriatric trauma
patients. Using age as the sole reference for clinical decision
making is inadequate and misleading in geriatric patients. The
FI should be used as a clinical tool for risk stratification among
geriatric trauma patients.
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