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Abstract
Objective To assess prevalence of CT imaging-derived sarcopenia, osteoporosis, and visceral obesity in clinically frail and 
prefrail patients and determine their association with the diagnosis of frailty.
Materials and methods This cross-sectional study was constructed using our institution’s pelvic trauma registry and ambula-
tory database registry. The study included all elderly pelvic trauma patients and ambulatory outpatients between May 2016 
and March 2020 who had a comprehensive geriatric assessment and CT abdomen/pelvis within 1 year from the date of the 
assessment. Patients were dichotomized in prefrail or frail groups. The study excluded patients with history of metastatic 
disease or malignancy requiring chemotherapy.
Results The study cohort consisted of 151 elderly female and 65 male patients. Each gender population was subdivided 
into frail (114 female [75%], 51 male [78%]) and prefrail (37 female [25%], 14 male [22%]) patients. CT-imaging-derived 
diagnosis of osteoporosis (odds ratio, 2.5; 95% CI: 1.2–5.5) and sarcopenia (odds ratio, 2.6; 95% CI: 1.2–5.6) were associ-
ated with frailty in females, but did not reach statistical significance in males. BMI and subcutaneous adipose tissue at L3 
level were statistically lower in the frail male group compared to the prefrail group. BMI showed strong correlation with the 
subcutaneous area at the L3 level in both genders (Spearman’s coefficient of 0.8, p < 0.001). Hypoalbuminemia and visceral 
obesity were not associated with frailty in either gender.
Conclusion This proof-of-concept study demonstrates the feasibility of using CT-derived body-composition parameters as 
a screening tool for frailty, which can offer an opportunity for early medical intervention.
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Introduction

Frailty represents a dynamic multidimensional syndrome 
or state characterized by increased vulnerability to outside 
stressors secondary to aging-related degeneration of physi-
ologic reserve and psychologic and social functioning [1]. 
Frailty approximates patient’s biologic age—an active rate 
at which body is aging—which may be more relevant to the 
clinical practice compared to the chronological age. Frail 
patients display increased vulnerability to adverse health 
outcomes, which have been shown to be independent of 
age, comorbidity, and disability [2–5]. Frailty comes at a 
high cost to society, as frail patients are at increased risk 
of fractures, more likely to be discharged to a skilled nurs-
ing facility, more likely to be readmitted within 30 days, 
and have higher rates of postoperative mortality and com-
plications compared to their robust elderly peers [6–11]. 
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According to the United States Census Bureau, 1 in every 5 
Americans is projected to be older than 65 by the year 2030, 
with recent meta-analysis demonstrating the prevalence of 
frailty up to 18% in this age group and a significant increase 
in prevalence among those older than 85 years, especially 
in non-community dwelling older adults [12, 13]. Concur-
rently, the American College of Surgeons’ national trauma 
databank has reported that adults of age 65 and older con-
stitute 30.75% of all trauma-related incidents evaluated in 
the emergency department by the surgical team [14]. Falls, 
which commonly occur with frailty, represented the most 
common mechanism of injury, with the incidence increasing 
with age. This evidence suggests that frailty is common and 
its prompt diagnosis is necessary for prevention of adverse 
events and appropriate clinical management.

Assessment of frailty has traditionally been accomplished 
via a comprehensive geriatric assessment [1, 15]. During 
this assessment, patients are queried on how they move, 
function, think, medication use, and social support, among 
other factors. At the end of the assessment, frailty status can 
be determined by a more qualitative clinical frailty score 
(CFS) or a more quantitative and precise frailty index (FI) 
score, which recently entered clinical practice [15, 16].

Currently, frailty is underdiagnosed [5]. Lack of time is a 
major barrier to frailty screening, particularly at the frontline 
of healthcare such as busy emergency department or primary 
care physicians office with a heavy patient load [17]. Access 
to a dedicated geriatric specialist represents another limiting 
factor. Additionally, elderly patients are often considered to 
be “difficult” interviewers secondary to a variety of factors 
such as deafness or dementia. Often, additional corrobora-
tive information from the relatives and caretakers is neces-
sary to make an accurate assessment.

Abdominal CT imaging may provide valuable insights 
into patients’ body composition by assessing the character-
istics of the muscle, adipose tissue, and bone. These factors 
may represent surrogate markers of frailty, with prior studies 
showing osteopenia and sarcopenia being associated with a 
higher risk of mortality in elderly patients, although their 
frailty status was not assessed by a comprehensive geriat-
ric evaluation [18, 19]. If feasible, automated flagging of 
patients at risk of frailty provides multiple inherent advan-
tages because it may be achieved in an instantaneous man-
ner, does not rely on patient interviewing, and uses informa-
tion obtained from an already existing study at no extra cost 
to society.

To our knowledge, this is the first study assessing CT-
derived imaging parameters of the adipose tissue, mus-
cle, and bone in patients who had a clinical diagnosis of 
frailty or prefrailty assigned after a comprehensive geriatric 
assessment with a dedicated full physical exam and com-
prehensive history taking, which represents gold standard 
in frailty assessment as opposed to simplified questionnaires 

or retrospective chart review for frailty approximation. Our 
primary objective was to assess prevalence of CT imag-
ing-derived sarcopenia, osteoporosis, and visceral obesity 
in clinically frail and prefrail patients and determine their 
association with the clinical diagnosis of frailty. We hypoth-
esized that frail patients had a readily recognizable imag-
ing phenotype characterized by osteopenia, sarcopenia, and 
visceral obesity.

Materials and methods

This retrospective study was approved by the institutional 
review board and compliant with the Health Insurance Port-
ability and Accountability Act. This study was not supported 
by the industry.

Study design and human subjects

In our analysis, men and women underwent an independ-
ent cohort analysis given known differences in their body 
composition [20]. Subject baseline characteristics were 
described separately for prefrail and frail groups. CT imag-
ing was processed by an automated machine-learning model 
developed at our institution, which determined the total 
cross-sectional area of the muscle, visceral, and subcutane-
ous adipose tissue at third lumbar vertebral level (L3) for 
each patient (Fig. 1) [21, 22]. Briefly, the machine learning 
model by Bridge et al. auto-segmented body composition 
parameters at L3 vertebral level by utilizing a 2-step process 
using a DenseNet convolutional neural network to select the 
appropriate CT slice, followed by U-Net convolutional neu-
ral network to perform segmentation. This model automati-
cally analyzed aforementioned body composition parameters 
in a fraction of a second, which would be impossible with 
manual segmentation. Of note, vertebral body attenuation 
of L3 was measured manually as it was not automated yet at 
the time of data collection.

Data source

Using our institution’s trauma registry, we identified 211 
consecutive patients of 65 years or older who were admit-
ted with pelvic fractures between May 2016 and October 
2019. In addition, we queried the institutional database reg-
istry from August 2016 to March 2020 for all ambulatory 
patients who had the “clinical frailty scale” phrase present 
in their ambulatory report and had CT imaging in their 
record. Two hundred sixteen patients constituted the final 
cohort (102 trauma patients and 114 ambulatory patients) 
(Fig. 2). Inclusion criteria for both cohorts included compre-
hensive geriatric assessment and CT abdomen/pelvis imag-
ing performed within 1 year from the time of the geriatric 
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evaluation regardless of the indication. Exclusion criteria 
included history of metastatic disease or active malignancy 
requiring chemotherapy, suboptimal automated body com-
position quantification as determined by manual review (for 
example, an arm overlying the abdominal wall with a promi-
nent streak artifact). Patients with an overlap between trauma 
and ambulatory cohorts were counted only once.

The Canadian Study on Health and Aging (CSHA) Clini-
cal Frailty Scale (CFS) was assigned to all patients by board 

certified geriatric medicine physicians in our institution. 
Briefly, determination of patient’s frailty state was based on 
the reviewer’s clinical judgment upon completion of a com-
prehensive geriatric assessment, which among other factors 
assessed patient’s movement status, function, thought pro-
cess, medication use, social history, and personal assessment 
of health, with frequent corroborative information from the 
relatives and caretakers. The Clinical Frailty Scale (CFS) 
was used to assess patient’s clinical frailty status until 2018 

Fig. 1  a Axial CT imaging slice 
at L3 vertebral level taken from 
a CT abdomen-pelvis with b 
corresponding color-coded total 
cross-sectional area of the mus-
cle (red), visceral (yellow), and 
subcutaneous (green) adipose 
tissue which was determined by 
the automated machine learning 
segmentation model developed 
at our institution

Fig. 2  Study participant flow diagram
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at our institution. CFS represented a qualitative approach 
of summarizing the key points of comprehensive geriatric 
assessment and was primarily based on the deficits in the 
functional category of activities of daily living (ADLs) and 
instrumental activities of daily living (IADLs). Starting year 
2018, CSF has been replaced by the frailty index (FI) score 
at our institution, which instead of qualitative assessment 
provided quantitative measurement of all of the patient’s 
deficits and believed to be the best tool in relaying patient’s 
frailty status [15]. In these instances, the numeric value of 
FI score was converted to CFS using established conver-
sion criteria [23]. Using CFS, patients were stratified into 
the well, prefrail, mild, moderate, and severely frail groups 
(Fig. 2). When dichotomizing groups, well and prefrail 
patients were grouped into prefrail group, and the rest of 
the patients were grouped into the frail group.

Data extraction

The electronic medical record was reviewed for demo-
graphic information, including age, sex, and race, as well 
as biometric and laboratory parameters such as height, 
weight, BMI, and albumin level. Race of 17 patients (7.8%) 
as well as albumin level for 1 patient (0.4%) was unavail-
able for review. Albumin level of < 3.5 mg/dL was consid-
ered to represent hypoalbuminemia [24]. Other indicators 
for the trauma cohort (n = 102, 47.2%) including injury 
severity score (ISS), total hospital days, total ICU days, 
and discharge site were extracted from the trauma registry. 
The degree of medical complexity was evaluated using the 
Charlson comorbidity index (CCI). Expired patients were 
identified via medical record review and 1-year mortality 
from the time of injury was recorded.

Exposure variables

Sarcopenia

The automated cross-sectional muscle area measurement 
at the L3 vertebral level contained psoas, paraspinal, and 
abdominal wall muscles. Skeletal muscle index (SMI) was 
defined as a total cross-sectional muscle area at the L3 ver-
tebral level divided by patient’s  height2  (cm2/m2). Based on 
prior literature, sarcopenia cutoffs in men and women were 
determined to be 53.0  cm2/m2 for men with BMI ≳ 25.0 kg/
m2, 43  cm2/m2 for men with BMI < 25.0 kg/m2, and 41.0 
 cm2/m2 for women regardless of BMI [25].

Osteoporosis

A 1.5–2  cm2 region of interest was drawn manually over 
trabecular bone at L3 vertebral level (in 6 cases (2.8%) of 
compression deformity or hemangioma, the measurement 

occurred at the adjacent lumbar level). This was done by two 
participating radiology residents and one radiologist who 
were blinded to the results of frailty scoring. A threshold of 
bone attenuation < 90 HU was chosen to define osteoporosis 
[26].

Visceral obesity

All patients were classified into four BMI groups based 
on the Center for Disease Control guidelines: underweight 
(BMI < 18.5 kg/m2), normal (BMI >  = 18.5 and < 25.0 kg/
m2), overweight (BMI = 25.0–29.9  kg/m2), and obese 
(BMI ≥ 30  kg/m2). Visceral adipose tissue (VAT) was 
defined as an automated measurement of the adipose tis-
sue area at L3 vertebral level and included adipose tissue 
beneath the abdominal wall. Subcutaneous adipose tissue 
(SAT) was defined as an automated measurement of the 
abdominal wall adipose tissue area at the L3 vertebral level. 
Visceral obesity ratio (VOR) was measured as a ratio of 
VAT over SAT. Additionally, visceral obesity was assessed 
by determining cross-sectional area at L3 level with visceral 
obesity cutoff ≥ 130  cm2 in men, and ≥ 110  cm2 in women 
[27–29].

Statistical analysis

Ordinal or nominal variables were presented as absolute 
numbers with percentages of the total. Non-parametric data 
were presented as median with inter quartile range. L3 verte-
bral body HU, SMI, VAT, and SAT were presented continu-
ously and dichotomously as osteoporosis, sarcopenia, and 
visceral obesity based on previously published body com-
position imaging marker cutoffs. Pearson χ2 test or Fisher 
exact test were used for categorical comparisons, as appro-
priate. Wilcoxon rank sum test was used for continuous vari-
ables. Two-tailed Spearman correlation was used for correla-
tion analysis. To evaluate association with CT-derived body 
composition markers with frailty, univariate logistic regres-
sion analyses were performed, with osteoporosis, sarcope-
nia, hypoalbuminemia, and visceral obesity as dependent 
variables and frailty as independent variable. Binary logistic 
regression was performed for age and cohort status adjust-
ment (trauma vs. ambulatory). Odds ratios (ORs) and 95% 
CI were provided. SPSS version 23.0 (SPSS Inc., Chicago, 
IL, USA) was used for all statistical analysis.

Outcome measures

Primary Outcome: To determine CT-imaging derived preva-
lence of sarcopenia, osteoporosis and visceral obesity in frail 
geriatric patient group compared to the prefrail group and 
to assess their association with clinical diagnosis of frailty.
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Secondary Outcome: To determine prevalence of hypoal-
buminemia in frail geriatric patient group compared to the 
prefrail group and to assess its association with clinical diag-
nosis of frailty.

Results

Baseline characteristics of the study cohort

The study included 151 female and 65 male patients. Both 
genders were classified as frail (114 female patients [75%], 
51 male patients [78%]) or prefrail (37 female patients 
[25%], 14 male patients [22%]) (Fig. 2). There was a sta-
tistically higher rate of mortality at 1 year in frail patients 
compared to prefrail patients (1 prefrail patient [2%] vs. 23 
frail patients [14%], p = 0.019).

Both frail female (years median, IQR 78.0 (71.5–83.5) 
in prefrail vs 84.0 (76.0–89.0) in frail group, p = 0.004) and 
frail male patients (years median, IQR 76.0 (72.8–82.0) in 
prefrail vs 82.0 (77.0–88.0) in frail group, p = 0.03) were 
slightly older compared to their respective prefrail groups 
(Table 1). The trauma subset of the female frail patient group 
also had higher CCI score (CCI score, IQR 4.0 (3.0–5.5) 
in prefrail vs. 6.0 (5.0–7.0) in frail group, p = 0.001). 

Otherwise, no statistically significant difference was iden-
tified in terms of demographic features or trauma-related 
characteristics in the prefrail and frail groups among both 
genders.

Female CT‑derived body composition 
and anthropomorphic data—frail vs. prefrail

Frail female patients had a statistically significant lower bone 
attenuation compared to the prefrail group (HU median, IQR 
99.0 (76.0–127.0) in prefrail vs 75.0 (48.5–121.3) in frail 
patients p = 0.03) (Table 1). BMI, skeletal muscle index 
(SMI), visceral adipose tissue (VAT), subcutaneous adipose 
tissue (SAT), or albumin levels did not show statistically sig-
nificant difference between groups. When body composition 
imaging parameters were dichotomized into groups of CT-
derived imaging diagnosis of osteoporosis, sarcopenia, and 
visceral obesity, patients with osteoporosis (odds ratio, 2.5; 
95% CI, 1.2–5.5) and patients with sarcopenia (odds ratio, 
2.6; 95% CI, 1.2–5.6) had a statistically significant associa-
tion with frailty (Table 2). The strength of the relationship 
between osteoporosis and frailty persisted in females after 
multivariate adjustment (odds ratio, 3.1; 95% CI, 1.2–7.8). 
The strength of the relationship between sarcopenia and 
frailty decreased slightly following multivariate adjustment 

Table 1  Demographic, laboratory, and CT-derived body composition 
characteristics of prefrail and frail patients stratified by gender. Base-
line characteristics labeled with * represent trauma cohort data only 

(n = 102, 47.2%; prefrail women n = 21, frail women n = 51; prefrail 
men = 9, frail men = 21)

Characteristic Female P value Male p value

Baseline characteristics (n, median 
(IQR))

Prefrail (N = 37) Frail (N = 114) Prefrail (N = 14) Frail (N = 51)

Age, y 78.0 (71.5–83.5) 84.0 (76.0–89.0) 0.004 76.0 (72.8–82.0) 82.0 (77.0–88.0) 0.03
Race (white) (n, %) 27 (75.0) 78 (76.0) 1.0 13 (92.8) 36(78.3) 0.43
Less than 60 days between geriatric 

evaluation and CT imaging (n, %)
26 (70.3) 76 (66.7) 0.84 11 (78.6) 36 (70.6) 0.80

Injury severity score* 13.0 (8.5–18.0) 13.0(9.0–17.0) 0.70 8.0 (4.5–19.5) 10.0 (4.0–17.0) 0.79
Total hospital days* 5.0 (3.0–6.5) 5.0 (4.0–7.0) 0.48 6.0 (5.5–8.0) 7.0 (3.5–10.0) 0.82
Total ICU days* 2.0 (0.0–3.5) 3.0 (0.0–4.0) 0.31 1.0 (0–3.0) 3.0 (0–6.0) 0.35
Charlson comorbidity index (CCI)* 4.0 (3.0–5.5) 6.0 (5.0–7.0) 0.001 5.0 (3.5–6.5) 6.0 (4.5–7.0) 0.26
Discharge to home (n, %)* 4 (19.0) 3 (5.9) 0.18 1 (11.1) 0 (0.0) 0.30
Albumin (mg/dL) 4.0 (3.2–4.3) 3.7(3.2–4.2) 0.15 4.1 (3.4–4.2) 3.7 (3.0–4.2) 0.34
BMI 25.8 (22.7–28.4) 23.9(20.7–27.8) 0.18 27.1 (25.5–27.9) 24.0 (21.5–26.4) 0.01
Proportion of obese or underweight 

patients based on BMI (n, %)
7 (18.9) 36 (31.6) 0.2 2 (14.2%) 10 (19.6%) 0.83

CT-derived body composition characteristics
L3 vertebra attenuation (HU) 99.0 (76.0–127.0) 75.0 (48.5–121.3) 0.03 122.5 (92.5–140.3) 97.0 (67.0–137.0) 0.15
Skeletal muscle index (SMI), cm/m2 41.6 (35.2–45.5) 37.0 (32.3–42.8) 0.06 47.1 (42.9–51.4) 42.3 (38.1–49.5) 0.07
Visceral adipose tissue (VAT),  cm2 118.6 (56.5–152.1) 91.4 (52.6–172.9) 0.58 192.7 (133.1–302.8) 155.9 (74.3–280.4) 0.35
Subcutaneous adipose tissue (SAT), 

 cm2
205.0 (160.9–264.8) 203.7 (129.3–302.3) 0.63 188.8 (133.0–221.5) 137.1 (102.7–175.9) 0.01

Visceral obesity ratio (VOR) 0.49 (0.27–0.73) 0.51 (0.33–0.66) 0.85 0.97 (0.70–1.60) 1.22 (0.74–1.77) 0.54
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but remained statistically significant (odds ratio, 2.4; 95% 
CI, 1.0–5.5).

CT-derived imaging diagnosis of visceral obesity showed 
no statistically significant association with frailty. Visceral 
obesity ratio (VOR) demonstrated predominance of subcu-
taneous over visceral adipose tissue in females in both pre-
frail and frail groups (VOR median, IQR 0.49 (0.27–0.73) 
in prefrail vs. 0.51 (IQR 0.33–0.66) in frail patients, p = 0.9). 
Correlation analysis between CT-derived body composition 
parameters, laboratory albumin levels, and BMI demon-
strated strong correlation between BMI and SAT (r = 0.82, 
p < 0.001), and moderate correlation between BMI and VAT 
(r = 0.69, p < 0.001) and between VAT and SAT (r = 0.67, 
p < 0.001) (Table 3).

Male CT‑derived body composition 
and anthropomorphic data—frail vs. prefrail

Frail male patients had a statistically significant lower 
BMI compared to the prefrail group (BMI median, IQR 
24.0 (21.5–26.4) in frail vs. 27.1 (25.5–27.9) in prefrail 
group, p = 0.009), as well as lower subcutaneous adipose 
tissue (SAT) (SAT median, IQR 137.1 (102.7–175.9)  cm2 
in frail group vs. 188.8 (144.0–221.5)  cm2 in prefrail group, 
p = 0.01) (Table 1). Bone attenuation, SMI, and VAT did 
not show statistically significant difference between these 
groups. Dichotomization of CT-derived body composition 
parameters into groups of imaging-derived diagnosis of 
osteoporosis, sarcopenia, and visceral obesity showed no 
statistical association with frailty (Table 2).

Visceral obesity ratio (VOR) in males demonstrated simi-
lar to higher visceral to subcutaneous adipose tissue ratio 
in in both groups (VOR median, IQR 1.22 (0.74–1.77) in 
frail vs. 0.97 (0.70–1.60) in prefrail patients, p = 0.5), which 
was in contrast to females. Correlation analysis between CT-
derived body composition parameters, laboratory albumin 

levels, and BMI demonstrated strong correlation between 
BMI and SAT (r = 0.78, p < 0.001), and moderate correlation 
between BMI and VAT (r = 0.67, p < 0.001) as well as VAT 
and SAT (r = 0.68, p < 0.001) (Table 3).

Female and male laboratory albumin levels—frail 
vs. prefrail

Albumin levels did not show statistically significant dif-
ference between female or male prefrail and frail groups 
(Table 1). Hypoalbuminemia showed no statistically signifi-
cant association with frailty (Table 2).

Discussion

It has been well known that sarcopenia and osteoporosis, 
as determined by traditional methods of dual-energy X-ray 
absorptiometry, are prevalent in frail patients [30–33]. To 
our knowledge, this is the first study to date to assess CT-
derived body composition profile in patients with a clinical 
diagnosis of frailty or prefrailty as determined by a com-
prehensive geriatric assessment. Our results demonstrated 
that osteoporosis and sarcopenia, as determined by CT-
derived body composition analysis, were common in both 
genders and might be able to discern frail patients from 
prefrail patients, especially in females where the relation-
ship between frailty and sarcopenia or osteoporosis reached 
statistical significance. These relationships did not reach 
statistical significance in males, most likely due to a smaller 
cohort size. Interestingly, although visceral obesity was not 
associated with frailty in both groups, BMI and subcutane-
ous adipose tissue at L3 level were statistically significantly 
lower in male frail group compared to the prefrail group, and 
BMI showed strong correlation with subcutaneous area at 
L3 level in both genders.

Table 2  Gender stratified odds ratio of the clinical diagnosis of frailty 
in relation to CT-derived body composition imaging diagnosis of 
osteoporosis, sarcopenia, and visceral obesity as well as laboratory 

diagnosis of hypoalbuminemia in univariate analysis and multivariate 
analysis adjusted by age and type of cohort (ambulatory vs. trauma)

CT-derived and laboratory 
body composition variable

Prefrail (N, %) Frail (N, %) Univariate OR (95% CI) p value Multivariate OR (95% CI) p value

Female Prefrail (N = 37) Frail (N = 114)
Osteoporosis 13 (35.1) 66 (57.9) 2.5 (1.2–5.5) 0.02 3.1 (1.2–7.8) 0.02
Sarcopenia 16 (43.2) 76 (66.7) 2.6 (1.2–5.6) 0.01 2.4 (1.0–5.5) 0.04
Visceral obesity 20 (54.1) 44 (38.6) 0.5 (0.3–1.1) 0.10 0.6 (0.3–1.3) 0.18
Hypoalbuminemia 11 (30.6) 49(43.0) 1.7 (0.8–3.8) 0.19 2.2 (0.9–5.5) 1.00
Male Prefrail (N = 14) Frail (N = 51)
Osteoporosis 3 (21.4) 22 (43.1) 2.8 (0.7–11.2) 0.14 4.1 (0.9–19.3) 0.08
Sarcopenia 9 (64.3) 32 (62.7) 0.9 (0.3–3.2) 0.92 0.9 (0.2–3.3) 0.85
Visceral obesity 11 (78.6) 29 (56.9) 0.4 (0.1–1.5) 0.14 0.3 (0.1–1.5) 0.15
Hypoalbuminemia 4 (28.6) 21 (42.0) 1.8 (0.50–6.6) 0.36 3.8 (0.7–19.4) 0.11
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Assessment of frailty is important for both clini-
cal and health care policy-making purposes. In trauma, 
frailty assessment may lead to identification of patients 
at risk for adverse outcomes should a surgical procedure 
be performed. For instance, frailty has been shown to be 
significantly associated with mortality in a large cohort 
of emergency general surgery admission including both 
high- and low-risk procedures, raising the importance of 
preoperative frailty assessment [34]. Assessment of frailty 
has gained a particular importance during COVID-19 pan-
demic where the possibility of rationing resources such 
as ventilator machines has been discussed. Frailty was 
highlighted as an important tool to address this possibility 
due to its predictive power of disease outcome which was 
superior compared to age or comorbidities alone [35]. In 
terms of health care policy, knowledge of the prevalence 

of frailty in a given community may play a role in resource 
distribution, such as funding of the geriatrics department 
and tailoring range of services available.

While elderly prevalence is projected to continue to 
increase, estimated to constitute 21% of the US popula-
tion by 2030, the number of geriatric providers per older 
adult is expected to be almost halved by 2030 compared to 
the 1980s [36]. Given that elderly patients with a complex 
medical profile or trauma history frequently undergo CT 
examinations, with ongoing annual growth in CT imaging 
utilization, it is likely that CT imaging will be much more 
available than a geriatric appointment [37]. Utilization of 
information gathered from CT imaging already available 
in a patient’s medical chart represents an attractive strat-
egy for flagging patients at risk for frailty who may benefit 

Table 3  Correlation table between CT-derived body composition parameters and laboratory albumin measurement stratified by gender. Asterisk 
(*) represents statistically significant association with p < 0.05

Female L3 HU SMI Albumin VAT SAT BMI

L3 HU

SMI 0.36*

Albumin 0.23* 0.28*

VAT 0.02 0.27* 0.18*

SAT 0.20* 0.36* 0.25* 0.67*

BMI 0.23* 0.51* 0.33* 0.69* 0.82*

Male L3 HU SMI Albumin
Visceral 

area 

Subcutaneou

s area
BMI

L3 HU

SMI 0.21

Albumin 0.32* 0.26

VAT 0.05 0.21 0.14

SAT 0.09 0.34* 0.06 0.68*

BMI 0.18 0.59* 0.29* 0.67* 0.78*
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from a comprehensive geriatric evaluation, and thus be of 
a significant benefit to society at no additional cost.

On a larger scale, this study serves as a gateway to 
personalized medicine. It may be viewed as a window 
to peer to the possibilities of using CT-derived markers 
of body composition to assess patient’s well-being and 
supplement radiology reports with additional information 
that may alter patient’s treatment or qualify patient for 
a geriatric workup and assistance with activities of daily 
living. This analysis will be attributed to the radiologist 
interpreting the study and will be integrated with the final 
report, which will provide valuable information regarding 
patient’s health at no extra cost. Further, such information 
highlights the important role of radiology in the field of 
medicine and patient care and solidifies its relationship 
with the field of orthopedics and geriatrics.

It is important to highlight the notion that in this study, 
comparison was made between frail and prefrail popula-
tion and it is likely that the association between frailty 
and sarcopenia will only be magnified for both genders 
when compared to a healthy geriatric population. For 
example, the median SMI for both frail women and men 
corresponded to approximately 25th percentile or lower of 
the age-matched SMI reference curve obtained in a recent 
population study employing automated CT-derived body 
composition analysis where patients with a diagnosis or 
major cardiovascular disease or malignancy were excluded 
from the study [21]. Although the strength between imag-
ing-derived sarcopenia and frailty was reduced when 
adjusted for age, using this approximation to a relatively 
healthy adult population, this study suggests that CT-
derived diagnosis of sarcopenia is common in both frail 
men and women and will likely serve as a useful screening 
tool in identifying frail patients and separating them from 
their healthy peers.

Similarly, given that this study shows that there may be a 
difference in bone attenuation even between prefrail and frail 
patients, this difference will likely be only augmented when 
compared to healthy elderly peers. Additionally, it is worth 
pointing out that most of the previous studies on frailty and 
osteoporosis were focusing on women, with little known 
about men. This study demonstrated that osteoporosis in 
frail men reached 43.1% and thus represents an attractive 
point of intervention as osteoporosis is frequently underdi-
agnosed and undertreated, especially in men [38].

Hypoalbuminemia was common in frail groups of both 
genders, although its association with frailty did not reach 
statistical significance. Hypoalbuminemia has been asso-
ciated with a decline in muscle strength in the elderly, 
while SMI addresses a decline in muscle mass [39]. Fur-
ther research is necessary to elucidate the usefulness of 
adding laboratory findings such as hypoalbuminemia in 
the automated frailty diagnosis given that it may provide 

complimentary information regarding the state of sarco-
penia in a frail patient.

Although visceral obesity did not demonstrate an asso-
ciation with frailty, females and males showed different 
trends in the adipose tissue distribution, and SAT and BMI 
were statistically significantly lower in the male frail group 
compared to the prefrail group. Given these findings, it is 
likely that future frailty detection algorithm development 
will be gender specific. It is also likely that changes in 
BMI and adipose tissue distribution, particularly in sub-
cutaneous adipose tissue distribution in men, may be more 
helpful in frailty detection rather than a specific snapshot 
of adipose tissue distribution in a given patient at a single 
point in time.

There were several limitations to this study. Ideally, the 
control group would be composed of age-matched patients 
who would be classified as very fit, exhibiting no signs of 
frailty and have corresponding abdominal CT performed 
within the same time frame. However, such patients do not 
get routinely evaluated by geriatric services or undergo 
CT imaging. Future research may include the prospec-
tive recruitment of such patients. Frailty also represents 
a dynamic clinical condition where pathogenesis includes 
psychological and social functioning in addition to physi-
cal functioning [40, 41]. CT-based assessment of frailty 
can only approximate physical functioning. One should 
also consider probable limitations imposed by man-made 
body composition cutoff values, particularly of sarcopenia, 
which were not vigorously verified across the older popu-
lations without cancer. It would also be advantageous to 
utilize numerical FI score instead of CFS for correlation 
of frailty with CT-derived markers of body composition 
once there are enough patients with prospective FI score 
assignment. Of note, while our current algorithm does 
not automatically extract bone attenuation, an upgraded 
version of the model with both automated SMI and bone 
attenuation information will be more useful.

In summary, this proof-of-concept study suggests prom-
ising associations between CT-derived body composition 
parameters and frailty and serves as an important foun-
dation in the development of automated geriatric frailty 
screening algorithm based on abdominal CT-imaging. 
While a formal frailty assessment cannot be replaced, the 
use of automated detection algorithms may be able to alert 
clinicians to patients at higher risk of being frail. Future 
research is necessary to continue exploring associations 
between body composition and frailty, and it is likely 
that a combination of multiple body composition imag-
ing parameters as well as laboratory values and changes 
in BMI and adipose tissue distribution over time will be 
necessary for the creation of a sensitive and specific CT 
imaging-based frailty detection algorithm.
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