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Abstract

Background: Elderly (65 and older) fall-related injuries are a significant cause of morbidity and 

mortality. Although frailty predicts poor outcomes in geriatric trauma, literature comparing frailty 

scoring systems remains limited. Herein, we evaluated which frailty scoring system best predicts 

falls over time in the elderly.

Materials and methods: Acute surgical patients 65 y and older were enrolled and 

prospectively observed. Demographics and frailty, assessed using the FRAIL Scale, Trauma 

Specific Frailty Index (TSFI), and Canadian Frailty Scale (CSHA-CFS), were collected at 

enrollment and 3 mo intervals following discharge for 1 y. Surveys queried the total number and 

timing of falls. Changes in frailty over time were assessed by logistic regression and area under the 

curve (AUC).

Results: Fifty-eight patients were enrolled. FRAIL Scale and CSHA-CFS scores did not change 

over time, but TSFI scores did (P ≤ 0.01). Worsening frailty was observed using TSFI at 6 (P ≤ 

0.01) and 12 mo (P ≤ 0.01) relative to baseline. Mortality did not differ based on frailty using any 

frailty score. Increasing frailty scores and time postdischarge was associated with increased odds 

of a fall. AUC estimates with 95% CI were 0.72 [0.64, 0.80], 0.81 [0.74, 0.88], and 0.76 [0.68, 

0.84] for the FRAIL Scale, TSFI, and CSHA-CFS, respectively.
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Conclusions: The risk of falls postdischarge were associated with increased age, time 

postdischarge, and frailty in our population. No scale appeared to significantly outperform the 

other by AUC estimation. Further study on the longitudinal effects of frailty is warranted.
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Introduction

The elderly adult population aged 65 y and older is expected to double in size by the year 

2060.1,2 Fall-related injury represents a significant portion of traumatic injury in the elderly, 

and this population is particularly vulnerable to repeat fall episodes.3–5 Each year, up to 30% 

of the elderly population experiences at least one or more falls. The morbidity following a 

fall-related traumatic injury can exacerbate fears of repeat fall episodes that reduce activity 

and further perpetuates increased debilitation.1,6,7 Frail postsurgical patients may similarly 

be at risk for debilitation and fall in the postop period.8–10 Despite identifying this group as 

a vulnerable population, the incidence of both geriatric fall-related trauma admissions and 

recidivism continues to rise.11

There is increasing interest in identifying models and scoring systems that better predict and 

identify elderly individuals most at risk for falls. Frailty considers the physiologic, 

environmental, and behavioral characteristics of an elderly patient to determine their 

vulnerability to an adverse event.12–14 In geriatric trauma patients, frailty has been identified 

as a major predictor of poor outcomes and has since been incorporated as a prognostication 

tool in the acute injury setting.15,16 Several validated scoring systems have been developed 

to determine frailty. Each frailty scoring system weighs patient attributes differently and may 

incorporate a few or many variables into their evaluation. Frailty scoring systems such as the 

FRAIL Scale and Canadian Study on Health and Aging Clinical Frailty Scale (CSHA-CFS) 

are generally based on established epidemiology of the general geriatric population and 

consider specific cognitive impairment or other health issues. Meanwhile, the Trauma 

Specific Frailty Index (TSFI) is based on variables predictive of discharge disposition in 

geriatric trauma patients.8

The FRAIL Scale considers five attributes: the presence of fatigue, the ability to climb stairs, 

difficulty with ambulation, comorbidities (greater than 5), and unexpected weight loss 

(greater than 5% in a 12-mo period). The number of positive attributes in the FRAIL Scale is 

counted; three or more positive attributes identify a patient as frail. The advantage of this 

scale is its utility as a rapid assessment tool that can be conducted quickly when assessing 

patients in the acute setting.17–19 The Trauma Specific Frailty Index (TSFI), in comparison, 

incorporates fifteen variables into its assessment and considers patient attributes such as 

comorbidities, ability to perform activities of daily living, presence of dementia, and general 

life attitudes to ultimately determine frailty.20 Each variable is worth one point but may be 

fractionated depending on the degree of disease or answer; for example, mild dementia is 

worth 0.25 points, whereas severe dementia is worth 1 point. The total score is then divided 

by 15 to determine a score range from 0 to 1. Patients with TSFI scores greater than 0.27 
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have been shown to be more likely to have an unfavorable discharge disposition to a skilled 

nursing facility or death, and this score is generally used as the cut off to identify frail 

patients.8,20 The Canadian Study of Health and Aging Clinical Frailty Scale (CSHA-CFS) is 

a seven-point scale that considers attributes such as comorbidities, ongoing active disease 

management, dependence on others, and ability to perform activities of daily living. In this 

frailty assessment system, scoring is determined by clinical opinion following patient 

assessment. A patient with a score of 5 or greater is considered frail.9,21 Frailty scoring 

systems must additionally consider the rapidity with which they can be performed to assess 

a patient. A scoring system examining more attributes may more accurately identify 

someone as frail but may not be an ideal point of care assessment in the acute injury setting.

For elderly patients who are admitted for acute illness or trauma, frailty assessment typically 

occurs at the time of injury or admission and does not consider the long-term dynamics of 

patient management or rehabilitation as their course and disposition evolve over time. As a 

result, literature comparing patient frailty scores directly, and how their scores change over 

time remains limited. In this study, we sought to evaluate three scoring systems to (1) assess 

whether frailty scores changed over time, and (2) evaluate relationships between falls and 

the three frailty scoring systems.

Methods

This study was conducted under the approval of the University of Iowa Institutional Review 

Board (IRB # 201611731). Participants were consented and enrolled upon presentation to 

our institution after determining that they met inclusion criteria and then prospectively 

observed for 1 y following discharge.

Inclusion and exclusion criteria

Patients aged 65 y and older with an acute injury or acute surgical illness and admitted to a 

University of Iowa Hospitals and Clinics service lines of burn, trauma, or emergency general 

surgery from December 2016 to June 2017 were included in this study. Injury types included 

acute traumatic injury such as falls or penetrating injuries, acute burn injury. Those who 

required emergency general surgery for acute surgical illness were also included. 

NonEnglish speakers, patients who were unable to answer questions about their health and 

social situation, or those who did not have a family member or equivalent proxy that were 

familiar with the patient’s prior and current level of functioning or medical history, as well 

as their fall behavior at the time of the study, were excluded.

Frailty scoring

Variables to determine frailty scores were obtained by surveys collected starting at 

enrollment and subsequently over the course of a year following discharge. Surveys 

collected included information on demographics, general health and comorbidities, and 

objective information necessary to help determine frailty scores by FRAIL Scale, TSFI, and 

CSHA-CFS assessment. A representative image of the survey’s first page is depicted in 

Figure. Inquiries made by the survey included questions asking for demographic 

information, education level, and past medical history. Additional questions pertaining to 
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general health and quality of life included assessments of visual and hearing acuity, ability to 

ambulate, actual or perceived obstacles to traversing pathways or stairs, need for assistive 

devices or assistance in general, as well as self-assessment of ability to conduct general 

activities of daily living. The full survey is available as supplementary material for reference 

(Supplement 1).

Frailty scores were re-evaluated at 3, 6, 9, and 12 mo intervals following discharge. Fall 

information was queried from patients by a survey for recent falls within the last week of 

survey administration, their total number of falls, and any other related fall information. 

Falls were re-evaluated at 1, 2, 3, 4, 6, 8, 10, 12, 16, 20, 24, and 52 wk following discharge. 

Subjects completed surveys at their regularly scheduled follow up appointments, over the 

phone, via email, or by paper mail.

Demographic data collection

Medical records and surveys were reviewed for demographic information that included age, 

gender, race, co-morbidities, substance abuse history, occupation, height, and weight. 

Additional information pertaining to hospital course and management included length of 

stay, follow up and repeat admissions, any associated complications related to their hospital 

stay, nutritional status, and assessments, participation with therapy, any trauma-related data, 

and discharge disposition were collected.

Statistical analysis

For assessing change in frailty scores over time, a linear marginal model with Gaussian 

errors was used to relate each frailty metric to time expressed in months as a categorical 

variable. For accounting the correlation of observations from the same subject, the 

correlation structure was modeled. Several correlation structures (unstructured, compound 

symmetry, autoregressive, and Toeplitz) were evaluated for each frailty metric and model fit 

compared using Akaike Information Criteria.22,23 The correlation structure yielding the 

lowest AIC value was used to fit the final model. For the FRAIL Scale and TSFI, compound 

symmetry was assumed, while for the CSHA-CFS, the Toeplitz correlation structure was 

best. Models were fit using Proc Mixed in SAS version 9.4 (SAS Institute Inc, Cary, NC). 

Only 9 subjects died. Due to the small number of deaths, to assess a potential association 

between mortality and frailty, two-sample t-tests with equal variance were used to compare 

baseline frailty metrics between survivors and nonsurvivors. Subjects lost to follow up were 

not included in this analysis.

Logistic regression was used to evaluate changes in the log odds of a fall over time and the 

effect of frailty with age included as a covariate. For accounting the correlation within each 

subject, generalized estimating equations were used to estimate parameters and the 

covariance matrix estimated with a robust sandwich estimator. An independence structure 

was assumed for the working correlation matrix. Age was centered at 65. The week was 

modeled as a continuous variable, as were all frailty metrics. Models were fit for each frailty 

metric using Proc Genmod. Changes in the log odds of a fall over time were assessed using 

logistic regression and the area under the curve (AUC) was calculated. For determining the 

sensitivity and specificity of each frailty score determined at enrollment to predict any fall 
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during the year of follow up, frailty was dichotomized as frail or not, and the sensitivity, 

specificity, negative predictive value, and positive predictive value were calculated for each 

frailty scoring system. Frail patients were defined as patients with a FRAIL Scale score of 3 

or greater, TSFI score above 0.27, and CSHA-CFS score of 5 or greater. P < 0.05 was 

considered significant.

Results

Patient characteristics

Fifty-eight patients were enrolled upon presentation. Among those, 31 patients were 

admitted to our institution’s trauma service, 19 to the emergency general surgery service, 

and 8 to the burn surgery service. Patients were then followed prospectively during their 

hospital course and over the course of a year postdischarge. Twenty-eight patients were 

discharged home, 18 to a skilled nursing facility (SNF), 6 to a long-term acute care hospital 

(LTACH), and 5 to an inpatient rehabilitation facility. Nine patients were reported to have 

died over the course of the study. One participant did not have entries for the frailty metrics 

at enrollment and was dropped from this analysis. No significant differences in frailty scores 

were observed when comparing alive patients to those who died over the course of the study, 

regardless of the scale used: FRAIL scale (0.95 ± 0.18 versus 1.38 ± 0.38, P = 0.34), TSFI 

(0.21 ± 0.03 versus 0.30 ± 0.07, P = 0.17), and CSHA-CFS (3.90 ± 0.23 versus 4.75 ± 0.41, 

P = 0.13). Discharge disposition was not predictive of survival to the end of the study (data 

not shown). Patient characteristics, past medical history, admission frailty scores, and frailty 

status are presented in Table 1. A review of median frailty ranges for each respective frailty 

scoring system revealed amix of patients presenting as frail and nonfrail.

Frailty metrics reliability

One of the goals of this study was to assess the reliability of frailty scoring systems in 

predicting both mortality and falls. The sensitivity, specificity, positive predictive value 

(PPV), and negative predictive value (NPV) of each frailty scale in predicting mortality and 

falls are presented in Table 2. Overall, the concordance for all three frailty scoring systems 

was 40/54 (74%). Fleiss Kappa for frailty at the start of the study was 0.65 [0.50, 0.81] and 

showed an overall agreement of 83%. The FRAIL Scale had the highest specificity in both 

mortality and falls, while the TSFI and CSHA-CFS had better sensitivity relative to the 

FRAIL Scale in both groups. PPV and NPV remained relatively unchanged among the 

groups. Twenty-two patients were found to be frail on any of the scales. Eight patients were 

found to be frail on all the scales (36%). The same frail subjects (n = 14) were detected 

using the CSHA-CFS and TSFI except for eight cases. Four were considered frail on the 

CSHA-CFS, but not on the TSFI, and four were frail on the TSFI, but not on the CSHA-

CFS.

Frailty metrics over time

FRAIL scale scores (P = 0.46) and CSHA-CFS scores (P = 0.54) did not change 

significantly over time, but TSFI scores did (P ≤ 0.01). Mean TSFI scores increased over 

time from 0.23 [0.19, 0.28] at enrollment to 0.26 [0.22, 0.31], 0.28 [0.23, 0.33], 0.28 [0.24, 

0.33], and 0.30 [0.25, 0.34] at 3, 6, 9, and 12 mo postdischarge, indicating worsening scores. 
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Pairwise comparisons of means between time points with Tukey’s posthoc pair comparison 

procedure showed significant worsening in frailty at 6 (P ≤ 0.01), 9 (P ≤ 0.01), and 12 mo (P 
≤ 0.01) relative to baseline. While the point estimates showed continued worsening at 12 mo 

and estimated mean values at 9 and 12 mo were significantly worse than that at baseline, 

differences in mean TSFI for months 3 through 12 did not reach statistical significance.

The log odds of a fall were modeled as a function of the week since discharge, patient age 

centered at 65, and the last available frailty score for each week (Table 3). Based on this 

model, the log odds of a fall were noted to increase with patient age in all analyses, although 

the effect was only statistically significant when using the FRAIL Scale (P = 0.01). The 

estimated relationship was similar for all three scoring systems with the log odds of a fall 

increasing by 0.03 to 0.06 per year increase in patient age with 95% confidence intervals 

encompassing a range of 0.01 to 0.11 for the FRAIL Scale and 0 for the TSFI and CSHA-

CFS scales. The log odds of a fall also increased over time, and time (week) was statistically 

significant for all three scoring systems. The relationship was consistent among the scoring 

systems with coefficients ranging from 0.03 to 0.04, indicating an increase in the odds of a 

fall of 3% to 4% per week since discharge with the 95% confidence intervals ranging from 

1% to 6%. Finally, for all frailty metrics, an increase in frailty was associated with an 

increase in the odds of a fall. The odds ratios [95% CI] for a one-unit change in FRAIL scale 

scores was 1.89 [1.34, 2.67] and CSHA-CFS scores was 2.38 [1.55, 3.64]. As TSFI can only 

range from 0 to 1, for a 0.01 unit change, the odds ratio for TSFI was 1.08 [1.04, 1.01].

Comparison of frailty scores

ROC curves were created for each regression to allow comparison among frailty scoring 

systems. AUC estimates with 95% CI were 0.72 [0.64, 0.80], 0.81 [0.74, 0.88], and 0.76 

[0.68, 0.84] for the FRAIL Scale, TSFI, and CSHA-CFS, respectively. Although the highest 

estimates were observed for TSFI, overlapping confidence intervals ultimately showed that 

no scoring system was significantly better than the other.

Discussion

Fall-related trauma in the elderly remains a significant problem. Over two million elderly 

patients are treated yearly in emergency departments for a fall-related injury and it accounts 

for up to 15% of all emergency department visits.11 A review of the World Health 

Organization mortality and National Readmission databases for elderly patients aged over 65 

y who sustained fall-related trauma noted an increase in fall-related death and 30-day 

recidivism for subsequent falls.11 Frailty assessment remains a useful tool to assess risk, 

determine adverse event prevention, and anticipate upcoming needs.8

Many frailty scoring systems remain in use for prognostication beyond what is discussed in 

this study. For example, on a retrospective analysis of elderly burn patients, Maxwell et al. 
developed a Burn Frailty Index that predicted frailty and associated outcomes in an elderly 

burn-injured population.24 A review of the ACS-TQIP database examined over 34,000 

patients for frailty using a modified frailty index (mFI) derived from the CSHA that assesses 

11 variables comprising of 10 comorbidities and one functional status measure to predict 

complications and mortality.25 Despite this, studies examining the validity of these scoring 
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systems remain limited. A systematic review to examine available frailty clinical assessment 

tools and evaluate their use in geriatric trauma identified few assessment tools as objective, 

feasible, or useful.26 In our cohort, all scoring systems had low sensitivity overall, making 

each test generally insufficient for screening purposes. The FRAIL Scale had a higher 

specificity than the TSFI or CSHA-CFS for falls and mortality, which may make it a better 

confirmatory test following initial frailty assessment.

We identified a statistically significant increase in the Trauma Specific Frailty Index at 6, 9, 

and 12 mo relative to baseline. In comparison to other frailty scoring systems, TSFI was the 

only scoring system to exhibit a significant difference over time. Frequent reassessment of 

patient frailty may be necessary to identify physiologic or qualitative changes in a patient’s 

hospital course or recovery. We did show that the log odds of a fall increased over time in 

TSFI scores. Additionally, increased overall frailty was associated with an increased odds of 

a fall. Frailty scoring systems that are able to exhibit meaningful changes in patient status 

are critical to properly assess frailty at presentation and over time.

Most literature examining frailty typically utilizes a one-time evaluation of frailty to 

determine outcomes. In this context, this study presents a unique approach to evaluating 

frailty in that it examines changes in frailty over time. In our cohort, using the TSFI, we 

were able to identify worsening frailty over the course of the year relative to baseline, and 

those changes were identified as soon as 6 mo following the initial evaluation. This 

underscores the importance of frequent reassessments of frailty, as well as identifying those 

changes early. Bryant et al. identified frail elderly patients aged 65 y and older to assess 

whether a prospective interdisciplinary protocol consisting of early ambulation, bowel and 

pain regimens, nonpharmacologic delirium prevention, nutritional and physical therapy 

consultation, and geriatric assessments could affect outcomes. They found significant 

decreases in delirium and 30-d recidivism compared to frail patients with no intervention.27 

Identifying frailty changes with increased frequency can help tease out the nuances of frailty 

measurements and can better identify pathologic changes in frailty that may require 

intervention. These frailty scoring systems could furthermore be utilized in the outpatient 

setting by primary care providers in initial and subsequent well visits. Knowledge of frailty 

at the start of acute injury management may be useful in therapeutic decision making.

There are several limitations to this study. This study represents an initial analysis of acutely 

injured patients to evaluate and compare frailty measures over time. As such, the study 

remains underpowered to definitively change current practice but provides critical 

observations to consider in managing and studying frail patients. Additionally, these acutely 

injured patients included groups who sustained a traumatic injury, required emergency 

surgery, or sustained burn injury. While each acute injury subset may each yield unique 

correlations or behavior with regard to frailty identification and behavior, our analysis of 

injury type subsets did not yield any correlation with frailty, probably due to the small 

sample size of our study and correspondingly of each subset. Given the diversity of injury, 

each pathologic process may individually affect frailty over time differently and must be 

considered in a future study. Furthermore, delirium remains a major risk factor in the elderly 

population in general and has been identified as having a significant association with frailty.
10 Although the TSFI considers the degree of dementia in its determination of frailty, most 
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scoring systems either do not or indirectly address the impact that delirium has on frailty 

assessment and management. Additionally, in our study, TSFI had the most significant 

changes in frailty scoring over time, which may make it an ideal frailty scoring system to 

consider for long term assessment. The fact that it incorporates 15 variables compared to the 

smaller number of variables in the other two scoring systems used in this study may be an 

unfair comparison. Utilizing scoring systems with a closer number of variables to consider 

may be a more appropriate comparison. Finally, we did not assess the place of dwelling on 

follow up surveys so we are unable to know how patient independence changed over the 

study period.

Conclusions

In conclusion, the risk of falls postdischarge was associated with age, time postdischarge, 

and frailty in our population. With all frailty scoring systems studied, an increase in frailty 

was associated with an increase in the odds of a fall. The highest AUC estimates for falls 

were observed for the TSFI. Different scales showed different specificities and sensitivities, 

possibly making different scales useful in different scenarios such as screening versus 
testing. Future studies on larger populations are warranted to confirm the usefulness of these 

frailty scoring systems.
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Fig –. 
Representative first page image of the survey administered to the patients at enrollment and 

at regular intervals for 1 y.
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Table 1 –

Patient demographics.

Demographics Statistics

Age (median; range) 74 (65–96)

Female (N; %) 29 (51.8)

Caucasian (%) 57 (98.3)

BMI (median; range) 28.2 (22.9–52.7)

Admission GCS 15 (11–15)

Hospital LOS (median; range) 4.5 (1–41)

ICU LOS 0 (0–15)

Mortality Rate (N; %) 9 (15.5)

Past medical history

 Cardiovascular disease (N; %) 39 (67.2)

 Cancer (N; %) 14 (24.1)

 Diabetes (N; %) 14 (24.1)

 Lung disease (N; %) 9 (15.5)

 Osteoporosis (N; %) 8 (13.8)

 Arthritis (N; %) 7 (12.1)

 Depression (N; %) 7 (12.1)

 Stroke (N; %) 6 (10.3)

 Generalized Anxiety Disorder (N; %) 5 (8.62)

 Substance use Disorder (N; %) 3 (5.17)

 Parkinson’s Disease (N; %) 2 (3.45)

 Dementia (N; %) 1 (1.72)

Trauma surgery service (N; %) 31 (53.4)

Emergency general surgery service (N; %) 19 (33.8)

Burn surgery service (N; %) 8 (13.8)

Admission FRAIL scale score (median; range) 1 (0–4)

Admission TSFI score (median; range) 0.18 (0.1–0.67)

Admission CSHA-CFS score (median; range) 4 (2–7)

Frail patients by FRAIL scale (N; %) 10 (18.5)

Frail patients by TSFI (N; %) 18 (33.3)

Frail patients by CSHA-CFS (N; %) 18 (33.3)

BMI = body mass index; ISS = injury severity score; LOS = length of stay.
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