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Abstract
Background  Research has demonstrated that individuals with sarcopenia or sarcopenic obesity who experience 
fractures or undergo major surgical interventions exhibit a poorer prognosis compared to the general population. 
However, few studies have investigated the relationship between the skeletal muscle and adipose tissue indices, as 
measured at the 12th thoracic spine level, and adverse outcomes following orthopedic surgery. Therefore, this study 
aimed to prove whether skeletal muscle and adipose tissue index measured by computed tomography (CT) images 
based on a single layer are associated with one-year postoperative mortality in elderly hip fracture patients.

Methods  A total of 334 participants from two institutions were enrolled in this study to obtain skeletal muscle index 
(SMI), subcutaneous fat index (SFI), visceral fat index (VFI), and the visceral-to-subcutaneous ratio of the fat area (VSR) 
at T12 levels and divide them into death and survival groups based on the results of follow-up after 1 year. Propensity 
score matching (PSM) was employed to evaluate one-year postoperative mortality.

Results  Institution 1’s results identified that a lower SMI significantly heightened the risk of one-year postoperative 
mortality (OR = 0.799,95%CI 0.677–0.943, P = 0.008), making SMI an independent predictor. Institution 2’s results 
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Introduction
With the world’s population aging, hip fractures have 
become a significant cause of death in the elderly [1]. 
Hip fractures can be classified into two main anatomi-
cal types: intertrochanteric fractures (extracapsular) and 
femoral neck fractures (intracapsular). These two types 
differ significantly in incidence, surgical trauma, and 
postoperative prognosis [2–5]. Hip fracture is considered 
the most devastating among the fragility fractures. Stud-
ies have shown that the type of hip fracture is an inde-
pendent predictor of 1-year postoperative mortality [4]. 
The elderly are at a higher risk of dying after hip fracture 
surgery due to multiple comorbidities such as cognitive 
impairment, dementia, etc [6, 7]. The mortality rate of 
elderly patients with hip fractures is as high as 30% one 
year postoperatively [8]. 87–96% of hip fracture patients 
are 65 years of age or older [9].

Sarcopenia is a syndrome caused by the continued 
loss of skeletal muscle mass, strength, and function [10]. 
Adults over 40 lose about 1% of their skeletal muscle 
mass each year [11].The condition of sarcopenia is often 
accompanied by an increase in fat mass (FM) and may be 
worsened by obesity, known as sarcopenic obesity (SO) 
[12]. Research has demonstrated that individuals with 
sarcopenia or sarcopenic obesity who experience frac-
tures or undergo major surgical interventions exhibit a 
poorer prognosis compared to the general population(e.g. 
increased mortality and poorer quality of life) [12–14].

During the acute phase of a hip fracture, patients often 
can’t complete sarcopenia mobility tests, and many hos-
pitals don’t have dual energy x-ray absorptiometry (DXA) 
to measure muscle mass [15]. Clinical guidelines recom-
mend using either computed tomography (CT) or mag-
netic resonance imaging (MRI) for measuring muscle 
and fat mass [16, 17], In clinical practice, chest CT scans 
are more frequently utilized than abdominal and thigh 
CT scans. Elderly patients with multiple comorbidities 
often undergo chest CT scans to opportunistically diag-
nose other conditions prior to surgery. Opportunistic 
chest CT images would be an overlooked resource [18]. 
Meanwhile, It is more practical to select an optimal level 

of axial CT images to represent the whole-body muscle 
and nutritional status [19]. Few studies have examined 
whether the 12th thoracic spine level skeletal muscle and 
adipose tissue indexes (the area of muscle or adipose tis-
sue at the T12 level divided by the square of height) are 
associated with adverse outcomes following orthopaedi-
cal surgery [20].

This study aimed to evaluate whether muscle and 
adipose tissue indexes derived from chest CT scans 
were independently associated with one-year post-
operative mortality in elderly patients with hip frac-
tures, thereby aiding clinicians in identifying high-risk 
individuals and tailoring treatment plans(nutritional 
supplementation、resistance training and vibration ther-
apy) [13, 21, 22].

Methods
Study design
After approval by the institutional review boards of the 
Second Affiliated Hospital of Wenzhou Medical Uni-
versity (Institution 1) and Affiliated Yueqing Hospi-
tal of Wenzhou Medical University (Institution 2), we 
conducted a multicenter retrospective study to collect 
patients older than 60 who underwent thoracic CT, from 
January 2023, and April 2023. Method of subject allo-
cation: patients were divided into 2 groups, the control 
group (surviving patients) and the experimental group 
(deceased patients), based on the results of follow-up 
after 1 year. Mortality was identified by interviewing a 
member of the family of the patient involved. The inclu-
sion criteria were: (1) age ≥ 60 years; (2) hip fracture 
clearly diagnosed by X-ray or CT, etc. (3) complete fol-
low-up and clinical data; The exclusion criteria were: (1) 
chest CT examination was not performed; (2) refusal of 
surgery; (3) artifacts on CT images. Figure  1 shows the 
flow chart of this research method.

Skeletal muscle and adipose index measurements
Unenhanced chest CT image data were collected using 
the Philips Brilliance 16 CT scanner (Philips Medical Sys-
tems, Eindhoven, the Netherlands), operated at 120  kV 

identified that age (OR = 1.081, 95%CI 1.005–1.163, P = 0.036), SMI (OR = 0.881, 95%CI 0.784–0.991, P = 0.035) as 
independent predictors of one-year postoperative mortality in elderly hip fracture. Receiver operator characteristics 
analysis revealed area under the curve (AUC) values for institution 1: SMI (0.738 (95%CI 0.626–0.851), significant), VFI 
(0.605 (95%CI 0.476–0.734)), VSR (0.583 (95%CI 0.451–0.715)); and for institution 2: SMI (0.742 (95%CI 0.612–0.872), 
significant) and Age (0.775 (95%CI 0.677–0.874), significant). Collectively, these results underscore that SMI serves as 
an independent predictor of one-year postoperative mortality in elderly hip fracture patients.

Conclusion  This study demonstrated that the T12-based SMI was independently associated with one-year mortality 
following hip fracture in geriatric patients, with lower preoperative SMI correlating with higher mortality rates 
post-surgery.
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and 250 mA with a 5 mm slice thickness, and archived via 
its picture archiving and communication system. Image J 
(NIH Image J v1.52c) software was used to measure the 
cross-sectional areas of skeletal muscle, subcutaneous 
fat, and visceral fat at the horizontal plane of the T12 ver-
tebral body’s midsection (Fig. 2). Based on previous stud-
ies [23], the thresholds for skeletal muscle and adipose 
tissue were − 29HU to 150HU and − 150HU to -50HU, 
respectively. The areas measured were then divided by 
the square of the patient’s height (m²) to calculate the 
skeletal muscle index (SMI) and subcutaneous fat index 
(SFI), and visceral fat index (VFI). The visceral-to-sub. 
cutaneous ratio of the fat area (VSR) was also calculated. 
Two experts, each with over 5 years of clinical experience 
and proficiency in Image J software, collaborated: one 
outlined skeletal muscle, subcutaneous fat, and visceral 
fat on CT images, while the other checked the results of 
the contours.

Statistical analysis
The Shapiro-Wilk test was employed to assess the nor-
mality of data distribution. Baseline characteristics of the 
patients were described using median and interquartile 
range (IQR), mean ± standard deviation (SD), and counts 
with percentages (n, %). Continuous variables were ana-
lyzed using either the Mann-Whitney U test or the t-test, 
contingent upon the data distribution. Categorical vari-
ables were examined using the Pearson Chi-square test 
or Fisher’s exact test. Binary logistic regression was uti-
lized to investigate the associations between SMI, SFI, 
VFI, VSR, and mortality, with p-values less than 0.05 
considered statistically significant. The predictive effi-
cacy of each metric for mortality was evaluated utilizing 
the Receiver Operating Characteristic (ROC) curve. All 
statistical analyses were conducted using SPSS software 
(version 27.0; IBM Corp., Armonk, NY, USA).

Propensity score matching (PSM), a method frequently 
employed in observational studies to balance potential 

Fig. 1  The flow chart of this study
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confounders between groups, was applied in this study. 
Seventeen covariates were included in the analysis: age, 
gender, body mass index (BMI), smoking status, alcohol 
consumption, hypertension, diabetes mellitus, hyper-
lipidemia, cardiac disease, digestive system disorders, 
stroke, respiratory system disorders, rheumatic system 
disorders, renal disease, dementia, Parkinson’s disease, 
and tumors. Based on these covariates, a logistic regres-
sion-based propensity score was utilized, and nearest 
neighbor matching was employed to generate pairs of 
subjects in the survivor and mortality groups, with a cali-
per value of 0.03. Propensity score matching (PSM) was 
conducted using IBM SPSS Statistics version 27.0.

Results
Institution 1
After thorough screening, 221 patients were enrolled at 
institution 1. They were divided into two groups based 
on whether they died one year after surgery: 39 died and 
182 survived. The only significant difference between the 
two groups was age (88 versus 78 p < 0.001). To minimize 

confounders and bias, we included age, gender, BMI, and 
comorbidities in the PSM analysis, matching them 1:1 
with a caliper of 0.03. This resulted in a well-matched 
cohort of 37 cases, with no significant differences in age, 
gender, BMI, smoking, drinking, or comorbidities after 
matching (Table 1).

Using Image J software, we compare skeletal muscle, fat 
indices between two groups (Table 2). Before matching, 
the death group had lower SMI, VFI, and VSR values and 
a higher ASA score than the survival group (25.54 versus 
30.61 p < 0.001; 35.63 versus 54.51 p = 0.005; 1.81 versus 
2.16 p = 0.024), while SFI, LOS, surgery duration, intra-
operative blood loss, intraoperative blood transfusion, 
anesthesia, fracture type and surgical procedure showed 
no significant differences. After matching, only the SMI 
value remained lower in the death group (25.54 versus 
30.16 p < 0.001), with no significant differences in other 
indicators.

Conditional logistic regression models were created 
using SMI, VFI, and VSR (Table 3). Results showed that 
lower SMI significantly increased the risk of one-year 

Fig. 2  Measurement of the skeletal muscle index (A), subcutaneous fat index (B) and visceral fat index (C) using computed tomography at the T12 level
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Table 1  Clinical baseline characteristics of the raw cohort samples and propensity matched participants at institutions 1
Institution 1 Propensity-matched institution 1

variable Death group(n = 39) Survival group(n = 182) P value Death group(n = 37) Survival group(n = 37) P value
Age, (years) 88(82–91) 78(70–85) < 0.001 88(82-90.5) 86(81.5–89.5) 0.974
BMI, (kg/m2) 20.51(18.67–23.44) 21.85(19.61–24.45) 0.220 20(18.52–23.44) 20.23(18.52–24.48) 0.766
Gender, n(%) 0.149 1
  Female 24(61.5) 133(73.1) 24(64.9) 24(64.9)
  Male 15(38.5) 49(26.9) 13(35.1) 13(35.1)
Current smoking, n(%) 2(5.1) 8(4.4) 0.842 2(5.4) 1(2.7) 0.556
Current drinking, n(%) 2(5.1) 7(3.8) 0.713 2(5.4) 2(5.4) 1
Hypertension, n(%) 22(56.4) 101(55.5) 0.917 20(54.1) 21(56.8) 0.815
Diabetes, n(%) 7(17.9) 46(25.3) 0.331 7(18.9) 3(8.1) 0.174
Hyperlipidemia, n(%) 1(2.6) 4(2.2) 0.889 1(2.7) 0(0) 0.314
Cardiac diseases, n(%) 7(17.9) 21(11.5) 0.275 6(16.2) 6(16.2) 1
Stroke, n(%) 3(7.7) 19(10.4) 0.603 3(8.1) 3(8.1) 1
Peptic diseases, n(%) 2(5.1) 13(7.1) 0.650 2(5.4) 2(5.4) 1
Respiratory diseases, n(%) 4(10.3) 15(8.2) 0.684 4(10.8) 5(13.5) 0.722
Rheumatic diseases, n(%) 1(2.6) 6(3.3) 0.813 1(2.7) 2(5.4) 0.556
Renal Disease, n(%) 1(2.6) 10(5.5) 0.445 1(2.7) 2(5.4) 0.556
Dementia, n(%) 3(7.7) 4(2.2) 0.075 3(8.1) 2(5.4) 0.643
Parkinsonism, n(%) 2(5.1) 5(2.7) 0.441 2(5.4) 3(8.1) 0.643
Cancer, n(%) 2(5.1) 13(7.1) 0.650 2(5.4) 2(5.4) 1
Abbreviation, BMI, body mass index

Table 2  The skeletal muscle indices, adipose indices and intraoperative characteristics of the raw cohort samples and propensity 
matched participants at institutions 1

Institution 1 Propensity-matched institution 1
variable Death group(n = 39) Survival 

group(n = 182)
P Death group(n = 37) Survival 

group(n = 37)
P 
value

SMI, (cm2/m2) 25.54(21.53–28.86) 30.61(26.13–34.16) < 0.001 25.54(21.52–28.86) 30.16(26.17–34.90) < 0.001
VFI, (cm2/m2) 35.63(21.71–60.99) 54.51(31.81–81.28) 0.005 41.47(21.34–63.70) 47.66(29.31–78.14) 0.121
SFI, (cm2/m2) 18.63(8.79–31.61) 21.23(13.16–38.38) 0.103 18.63(7.73–32.04) 19.85(12.21–43.02) 0.220
VSR 1.81(1.53–2.50) 2.16(1.79–2.72) 0.024 1.91(1.63–2.51) 2.10(1.82–2.65) 0.220
LOS 8(7–11) 8(7–10) 0.435 8(7–11) 7(6–10) 0.228
Surgery duration, (hours) 60(60–90) 60(60–80) 0.830 60(60–80) 60(60–80) 0.452
Intraoperative blood Loss, (ml) 100(100–200) 100(100–200) 0.401 100(100–200) 100(100–200) 0.437
Intraoperative blood transfusion, n(%) 4(10.3) 21(11.5) 0.819 9(24.3) 4(10.8) 0.127
ASA score, n(%) 0.002 0.348
I or II 19(48.7) 135(74.2) 19(51.4) 23(62.2)
III or above 20(51.3) 47(25.8) 18(48.6) 14(37.8)
Anesthesia, n(%) 0.834 1
General anesthesia 16(41.0) 78(42.9) 16(43.2) 16(43.2)
Other anesthesia method 23(59.0) 104(57.1) 21(56.8) 21(56.8)
Fracture type, n(%) 0.101 0.816
Intertrochanteric fracture 21(53.8) 72(39.6) 19(51.4) 18(48.6)
Femoral neck fracture 18(46.2) 110(60.4) 18(48.6) 19(51.4)
Surgical procedure, n(%) 0.245 0.787
PFNA 21(53.8) 72(39.6) 19(51.4) 18(48.6)
Hip arthroplasty 16(41.0) 94(51.6) 16(43.2) 18(48.6)
Cannulated screws 2(5.1) 16(8.8) 2(5.4) 1(2.7)
Abbreviation, SMI, Skeletal muscle index; VFI, Visceral fat index; SFI, Subcutaneous fat index; VSR, Visceral-to-subcutaneous ratio of fat area; LOS, Length of stay 
hospital; ASA, American Society of Anesthesiologists; PFNA, Proximal Femoral Nail Antirotation
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postoperative mortality (OR = 0.799,95%CI 0.677–0.943, 
P = 0.008), making SMI an independent predictor. VFI 
(OR = 0.976,95%CI 0.952–1.001, P = 0.063) and VSR 
(OR = 0.438,95%CI 0.182–1.055, P = 0.066) did not signifi-
cantly affect the risk.

Institution 2
A total of 113 patients were enrolled at institution 2. 
Patients were divided into two groups based on whether 
they died one year after surgery: 19 died and 94 survived. 
There were statistically significant differences between 
the two groups in age, SMI, VSR, surgery duration, intra-
operative blood loss, ASA score (all P values < 0.05). 
Moreover, there were no statistically significant differ-
ences between the two groups in BMI, VFI, SFI, LOS, 
intraoperative blood transfusion, gender, anesthesia, frac-
ture type, surgical procedure, smoking, drinking (Details 
are shown in Table 4).

Age, SMI, VSR, SFI, Surgery duration, intraoperative 
blood loss, ASA score were analyzed during the uni-
variate analysis (Table  5). The significant parameters 
(p < 0.05): Age, SMI, VSR, ASA score was included in 
multiple logistic regression analysis. The results showed 
that age (OR = 1.081, 95%CI 1.005–1.163, P = 0.036), SMI 
(OR = 0.881, 95%CI 0.784–0.991, P = 0.035) were indepen-
dent predictors of one-year postoperative mortality in 
elderly hip fracture patients.

Receiver operator characteristics analysis
Table S1-S2 presents the accuracy of various indices in 
predicting one-year postoperative mortality. Using death 
or survival as the state variable, ROC curves (Figs. 3–4) 
were plotted for Institution 1 (tested with SMI, VFI, VSR) 
and Institution 2 (tested with SMI, Age). The ROC analy-
sis revealed area under the curve (AUC) values for Insti-
tution 1: SMI (0.738 (95%CI 0.626–0.851), significant), 
VFI (0.605 (95%CI 0.476–0.734)), VSR (0.583 (95%CI 
0.451–0.715)). For Institution 2: SMI (0.742 (95%CI 
0.612–0.872), significant), Age (0.775 (95%CI 0.677–
0.874), significant). Additionally, for Institution 1, at the 
optimal cut-off value of 29.065, SMI achieved a positive 
predictive value (PPV) of 0.667 (95% CI: 0.529–0.804) 
and a negative predictive value (NPV) of 0.759 (95% 
CI: 0.603–0.914). In Institution 2, with a cut-off value 
of 28.653, SMI demonstrated a PPV of 0.613 (95% CI: 
0.441–0.784) and an NPV of 0.085 (95% CI: 0.025–0.146). 
These findings indicate that SMI was an independent 

predictor of one-year postoperative mortality in elderly 
hip fracture patients.

Discussion
This study analyzed the preoperative clinical characteris-
tics, as well as surgical and anesthesia records, of patients 
who underwent hip fracture surgery between Janu-
ary and April 2023. The findings indicate that SMI was 
an independent predictor of worse survival in patients, 
even after adjusting for age, comorbidities, and other rel-
evant factors. Both Institution 1 and Institution 2 inde-
pendently demonstrate that a 1-unit decrease in SMI is 
significantly associated with an increased 1-year mortal-
ity risk following hip fracture surgery in elderly patients. 
Specifically, mortality risk increases by approximately 
20.1% (OR = 0.799) and 11.9% (OR = 0.881), respectively. 
In contrast, VFI, SFI, and VSR were found to have no sig-
nificant relevance.

Sarcopenia, a condition marked by reduced muscle 
mass and function linked to frailty, can impair physical 
function, lower quality of life, and raise mortality rates 
[24, 25]. Previous studies indicate a 37% prevalence of 
sarcopenia in hip fracture patients aged 65 and over [15]. 
Age-related muscle loss is a key factor in hip fractures 
and leads to poor outcomes post-surgery, such as re-
fractures, complications, and death [26–28]. Ursula et al. 
reported that measurements of SMI at the T12 vertebra 
could facilitate the diagnosis of sarcopenia and may aid 
in guiding long-term prognostication in geriatric trauma 
patients [29, 30]. Over the past few decades, sarcopenia 
has been investigated for its predictive value in cancer 
patients [31, 32]. Limited research exists on sarcopenia’s 
impact on postoperative mortality in elderly hip fracture 
patients, necessitating further investigation into its rela-
tionship with orthopedic procedures.

Previous research has established a strong correla-
tion between adipose tissue and poor postoperative 
outcomes. Increased adipose mass has been shown to 
negatively impact the immune system and impairs the 
adaptation to surgical stress, thereby elevating the risk 
of infection, poor wound healing, and delayed recovery 
[33–35], Furthermore, while certain studies have indi-
cated that adipose-related parameters exert a significant 
positive influence on bone mineral density, other inves-
tigations have reported either a negative correlation or 
no significant relationship between adipose tissue and 
bone mass [36, 37]. BMI has traditionally been used as an 

Table 3  Conditional logistic regression analysis of selected skeletal muscle indices and adipose indices
Influence factors B S.E Ward OR 95%CI P
SMI, (cm2/m2) -0.224 0.084 7.058 0.799 0.677–0.943 0.008
VFI, (cm2/m2) -0.024 0.013 3.449 0.976 0.952–1.001 0.063
VSR -0.825 0.448 3.388 0.438 0.182–1.055 0.066
Abbreviation, SMI, Skeletal muscle index; VFI, Visceral fat index; VSR, Visceral-to-subcutaneous ratio of fat area
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indicator of obesity, without accounting for the distinct 
proportions of adipose tissue and skeletal muscle within 
body composition, rendering it an imprecise measure of 
body adipose tissue [36]. In contrast, contemporary tech-
niques allow for the direct measurement of VFI, SFI, and 
VSR via CT, providing a more accurate representation 
of body adipose tissue [38, 39]. Consequently, this study 
incorporated VFI, SFI, and VSR metrics. Unexpectedly, 

however, VFI, SFI, and VSR the T12 level alone did 
not serve as valid predictors of one-year postoperative 
mortality.

Hip fracture is considered one of the most severe com-
plications of osteoporosis. Osteoporosis and hip fractures 
share common risk factors with various chronic dis-
eases, including diabetes mellitus, pulmonary disorders, 
dementia, and cancer [40]. Furthermore, approximately 

Table 4  Clinical baseline characteristics, skeletal muscle indices, adipose indices and intraoperative characteristics of the participants 
at institutions 2

Institution 2
variable Death group(n = 19) Survival group(n = 94) P
Age, (years) 84(82–88) 74.5(67.5–84) < 0.001
BMI, (kg/m2) 21.80(19.47–25.71) 22.55(20.45–24.54) 0.735
SMI, (cm2/m2) 27.95 ± 5.22 32.64 ± 5.60 0.001
VFI, (cm2/m2) 25.56(9.66–39.59) 28.83(18.10-39.67) 0.434
SFI, (cm2/m2) 14.35(5.19–42.14) 25.82(16.65–41.97) 0.076
VSR 1.58(1.03–2.42) 0.91(0.59–1.46) 0.004
LOS 12(10–18) 11(9–16) 0.717
Surgery duration, (hours) 60(50–80) 80(57.25-101.25) 0.027
Intraoperative blood loss, (ml) 100(50–100) 100(100–200) 0.034
Intraoperative blood transfusion, n(%) 1(5.3) 10(10.6) 0.898
Gender, n(%) 0.104
  Female 9(47.4) 63(67.0)
  Male 10(52.6) 31(33.0)
ASA score, n(%) 0.015
  I or II 14(73.7) 87(92.6)
  III or above 5(26.3) 7(7.4)
Anesthesia, n(%) 0.430
  General anesthesia 0(0.0) 3(2.7)
  Other anesthesia method 19(100) 91(96.8)
Fracture type, n(%) 0.189
Intertrochanteric fracture 11(57.9) 39(41.5)
Femoral neck fracture 8(42.1) 55(58.5)
Surgical procedure, n(%) 0.249
PFNA 11(57.9) 39(41.5)
Hip arthroplasty 8(42.1) 47(50.0)
Cannulated screws 0(0.0) 8(8.5)
Current smoking, n(%) 1(5.3) 7(7.4) 0.735
Current drinking, n(%) 0(0.0) 8(8.5) 0.187
Hypertension, n(%) 6(31.6) 49(52.1) 0.102
Diabetes, n(%) 6(31.6) 27(28.7) 0.803
Hyperlipidemia, n(%) 1(5.3) 8(8.5) 0.626
Cardiac diseases, n(%) 4(21.1) 8(8.5) 0.106
Stroke, n(%) 3(15.8) 8(8.5) 0.117
Peptic diseases, n(%) 1(5.3) 1(1.1) 0.205
Respiratory diseases, n(%) 3(15.8) 8(8.5) 0.329
Rheumatic diseases, n(%) 0(0.0) 2(2.1) 0.521
Kidney Disease, n(%) 1(5.3) 8(8.5) 0.633
Dementia, n(%) 0(0.0) 4(4.3) 0.360
Parkinsonism, n(%) 1(5.3) 3(3.2) 0.656
Cancer, n(%) 4(21.1) 10(10.6) 0.209
Abbreviation, BMI, body mass index; SMI, Skeletal muscle index; VFI, Visceral fat index; SFI, Subcutaneous fat index; VSR, Visceral-to-subcutaneous ratio of fat area; 
LOS, Length of stay hospital; ASA, American Society of Anesthesiologists; PFNA, Proximal Femoral Nail Antirotation
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45–60% of hip fracture patients have one or more comor-
bidities [41]. Numerous studies have demonstrated a 
significant association between pre-fracture comor-
bidities and increased postoperative mortality [41, 42]. 
Pre-existing conditions such as heart disease, dementia, 
kidney disease, and chronic obstructive pulmonary dis-
ease have been identified as independent predictors of 
one-year postoperative mortality [42, 43]. In contrast, 
other studies attribute increased postoperative mortality 
among hip fracture patients to factors such as the frac-
ture itself, short-term postoperative complications, and 
socioeconomic status [44, 45]. In our study, preoperative 
comorbidities were also considered; however, the results 
revealed no significant association between these comor-
bidities and increased one-year postoperative mortality 
following hip fracture surgery.

There is increasing concern regarding frailty and body 
composition in contemporary discussions, particularly 
in relation to their impact on treatment outcomes. This 

study aimed to evaluate whether muscle and adipose tis-
sue indices, as derived from chest CT scans, are indepen-
dently associated with adverse postoperative outcomes 
in elderly patients with hip fractures. The findings aim to 
help clinicians identify high-risk groups and customize 
prevention and treatment plans for sarcopenia, focusing 
on nutrition, muscle strength, and functional recovery 
[21, 22, 46]. Strategies may include specific nutritional 
supplements and personalized exercise therapy. It is 
advisable for surgeons to collaborate with rehabilitation 
physicians and dietitians during the preoperative assess-
ment and subsequent medical care of elderly patients 
with sarcopenia.

This study has the following limitations: Firstly, this 
is a retrospective study, which is susceptible to selec-
tion bias and recall bias. However, our team employed 
PSM analysis and multiple statistical methods to mini-
mize the incidence of bias. Secondly, the study measured 
skeletal muscle and adipose tissue area exclusively at the 

Table 5  Univariate and multifactorial logistic regression of risk factors for postoperative mortality
Univariable Multivariable

Influence factors OR 95%CI P OR 95%CI P
Age, (years) 1.127 1.050–1.210 < 0.001 1.081 1.005–1.163 0.036
SMI, (cm2/m2) 0.841 0.753–0.940 0.002 0.881 0.784–0.991 0.035
VSR 1.666 1.069–2.597 0.024 1.523 0.880–2.637 0.133
SFI, (cm2/m2) 0.976 0.947–1.006 0.120
Surgery duration, (hours) 0.992 0.976–1.008 0.320
Intraoperative blood loss, (ml) 1.000 0.996–1.004 0.995
ASA score, n(%) 4.439 1.235–15.947 0.022 2.932 0.660-13.018 0.157
Abbreviation, SMI, Skeletal muscle index; SFI, Subcutaneous fat index; VSR, Visceral-to-subcutaneous ratio of fat area; ASA, American Society of Anesthesiologists

Fig. 3  Receiver operator characteristics (ROC) analysis of SMI, Age, VFI and VSR to predict one-year postoperative mortality. (A) The ROC curves were plot-
ted for Institution 1 (tested with SMI, VFI, and VSR). (B) The ROC curves were plotted for Institution 2 (tested with SMI and Age). Abbreviation: SMI, Skeletal 
muscle index; VFI, Visceral fat index; VSR, Visceral-to-subcutaneous ratio of fat area
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T12 level, which may not accurately represent the over-
all muscle mass and fat mass of the entire body. Lastly, 
the study included a limited number of eligible patients, 
indicating the need for further prospective studies with 
larger sample sizes for validation.

Conclusion
Our study demonstrated that the T12-based SMI was 
independently associated with one-year mortality fol-
lowing hip fracture in geriatric patients, with lower pre-
operative SMI correlating with higher mortality rates 
post-surgery. Preoperative SMI holds potential as a criti-
cal prognostic tool for early risk stratification and guiding 
subsequent care.

Abbreviations
BMI	� Body mass index
SMI	� Skeletal muscle index
VFI	� Visceral fat index
SFI	� Subcutaneous fat index
VSR	� Visceral-to-subcutaneous ratio of fat area
LOS	� Length of stay hospital
ASA	� American Society of Anesthesiologists
PFNA	� Proximal femoral nail antirotation
DXA	� Dual energy x-ray absorptiometry
SO	� Sarcopenic obesity
CT	� Computed tomography
MRI	� Magnetic resonance imaging
FM	� Fat mass
ROC	� Receiver operating characteristic
PSM	� Propensity score matching

Supplementary Information
The online version contains supplementary material available at ​h​t​t​​p​s​:​/​​/​d​o​​i​.​​o​r​
g​/​1​0​.​1​1​8​6​/​s​1​2​8​9​1​-​0​2​4​-​0​8​1​8​3​-​6​​​​​.​​

Table S1

Table S2

Acknowledgements
The authors thank all the colleagues for their valuable assistance during the 
implementation of this study.

Author contributions
AAll authors contributed to the study conception and design. En-Li Li: 
Conceptualization, Data curation, Formal analysis, Writing-original draft. 
Cheng-Bin Huang and Jia-Sen Hu: Formal analysis, Methodology. Zi-Hao Chen: 
Validation, Visualization, Data curation. Chen Jin: Validation, Resources. Run-
Xun Ma: Investigation, Resources, Supervision. Si-Xiang Feng and Ya-Ping Jin: 
Project administration, Resources, Supervision. Lei Yang: Conceptualization, 
Funding acquisition, Writing - review & editing.

Funding
This work was funded by the Natural Science Foundation of Zhejiang Province 
(TGY24H060028), the Traditional Chinese Medicine of Zhejiang Province 
Science and Technology plan project (No.2023010569), and Wenzhou 
Municipal Science and Technology Bureau (No. 2023ZM0037).

Data availability
The datasets analyzed in the study are available from the corresponding 
author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the guidelines and was 
approved by the Ethics Committee of The Second Affiliated Hospital of 
Wenzhou Medical University (2024LYYJ116) and Affiliated Yueqing Hospital 
of Wenzhou Medical University (YQYY202400128). As this was a retrospective 
study and access to the patients was not possible, the Ethics Committee of 
The Second Affiliated Hospital of Wenzhou Medical University and Affiliated 
Yueqing Hospital of Wenzhou Medical University waived the need for 
informed consent.

Consent for publication
Not applicable.

Clinical trial number
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Orthopedic, The Second Affiliated Hospital, Yuying 
Children’s Hospital of Wenzhou Medical University, Wenzhou  
325000, China
2Key Laboratory of Orthopedics of Zhejiang Province, Wenzhou  
325000, China
3Yueqing People’s Hospital, 318 Qingyuan Road, Yueqing, Wenzhou, 
Zhejiang Province 325600, China
4Department of Orthopaedics, The Second Affiliated Hospital, Yuying 
Children’s Hospital of Wenzhou Medical University, 109 West Xue yuan 
Road, Wenzhou 325027, Zhejiang Province, China

Received: 21 September 2024 / Accepted: 11 December 2024

References
1.	 Katsoulis M, Benetou V, Karapetyan T, et al. Excess mortality after hip fracture 

in elderly persons from Europe and the USA: the CHANCES project. J Intern 
Med. 2017;281:300–10.

2.	 Cui Z, Feng H, Meng X, Zhuang S, Liu Z, Ye K, Sun C, Xing Y, Zhou F, Tian Y. 
Age-specific 1-year mortality rates after hip fracture based on the popula-
tions in mainland China between the years 2000 and 2018: a systematic 
analysis. Archives Osteoporos. 2019;14:1–10.

3.	 Frisch NB, Wessell N, Charters M, Greenstein A, Shaw J, Peterson E. Hip 
Fracture Mortality: Differences Between Intertrochanteric and Femoral Neck 
Fractures. J Surg Orthop Adv. 2018;27:64–71.

4.	 Haentjens P, Autier P, Barette M, Venken K, Vanderschueren D, Boonen S, 
Group HFS. Survival and functional outcome according to hip fracture type: 
a one-year prospective cohort study in elderly women with an intertrochan-
teric or femoral neck fracture. Bone. 2007;41:958–64.

5.	 Moldovan F, Ivanescu AD, Fodor P, Moldovan L, Bataga T. Correlation between 
inflammatory systemic biomarkers and surgical trauma in elderly patients 
with hip fractures. J Clin Med. 2023;12:5147.

6.	 Liu Y, Wang Z, Xiao W. Risk factors for mortality in elderly patients with hip 
fractures: a meta-analysis of 18 studies. Aging Clin Exp Res. 2018;30:323–30.

7.	 Beaupre LA, Jones CA, Johnston DWC, Wilson DM, Majumdar SR. Recov-
ery of Function Following a Hip Fracture in Geriatric Ambulatory Persons 
Living in Nursing Homes: Prospective Cohort Study. J Am Geriatr Soc. 
2012;60:1268–73.

8.	 Bui M, Nijmeijer WS, Hegeman JH, Witteveen A, Groothuis-Oudshoorn CGM. 
Systematic review and meta-analysis of preoperative predictors for early mor-
tality following hip fracture surgery. Osteoporos Int. 2024;35:561–74.

9.	 Hopkins RB, Pullenayegum E, Goeree R, Adachi JD, Papaioannou A, Leslie WD, 
Tarride JE, Thabane L. Estimation of the lifetime risk of hip fracture for women 
and men in Canada. Osteoporos Int. 2012;23:921–7.

10.	 Cruz-Jentoft AJ, Bahat G, Bauer J, et al. Sarcopenia: revised European consen-
sus on definition and diagnosis. Age Ageing. 2019;48:16–31.

https://doi.org/10.1186/s12891-024-08183-6
https://doi.org/10.1186/s12891-024-08183-6


Page 10 of 10Li et al. BMC Musculoskeletal Disorders           (2025) 26:21 

11.	 Janssen I, Heymsfield SB, Wang ZM, Ross R. Skeletal muscle mass and 
distribution in 468 men and women aged 18–88 year. J Appl Physiol. 
2000;89:81–8.

12.	 Prado CMM, Wells JCK, Smith SR, Stephan BCM, Siervo M. Sarcopenic obesity: 
A Critical appraisal of the current evidence. Clin Nutr. 2012;31:583–601.

13.	 Boutin RD, Bamrungchart S, Bateni CP, Beavers DP, Beavers KM, Meehan JP, 
Lenchik L. CT of Patients With Hip Fracture: Muscle Size and Attenuation Help 
Predict Mortality. Am J Roentgenol. 2017;208:W208–15.

14.	 Kalinkovich A, Livshits G. Sarcopenic obesity or obese sarcopenia: A cross talk 
between age-associated adipose tissue and skeletal muscle inflammation as 
a main mechanism of the pathogenesis. Ageing Res Rev. 2017;35:200–21.

15.	 Braun T. Sarcopenia: Revised European Consensus on Definition and Diagno-
sis. Physioscience. 2019;15:92–.

16.	 Lee K, Shin Y, Huh J, Sung YS, Lee I-S, Yoon K-H, Kim KW. Recent Issues on 
Body Composition Imaging for Sarcopenia Evaluation. Korean J Radiol. 
2019;20:205–17.

17.	 Chen L-K, Woo J, Assantachai P, et al. Asian Working Group for Sarcopenia: 
2019 Consensus Update on Sarcopenia Diagnosis and Treatment. J Am Med 
Dir Assoc. 2020;21:300–.

18.	 Kaplan SJ, Pham TN, Arbabi S, Gross JA, Damodarasamy M, Bentov I, Taitsman 
LA, Mitchell SH, Reed MJ. (2017) Association of Radiologic Indicators of Frailty 
With 1-Year Mortality in Older Trauma Patients Opportunistic Screening for 
Sarcopenia and Osteopenia. Jama Surg 152.

19.	 Shen Y, Luo L, Fu H, Xie L, Zhang W, Lu J, Yang M. Chest computed tomogra-
phy-derived muscle mass and quality indicators, in-hospital outcomes, and 
costs in older inpatients. J Cachexia Sarcopenia Muscle. 2022;13:966–75.

20.	 Hwang D, Han H-S, Lee MC, Ro DH. (2022) Low muscle mass is an indepen-
dent risk factor for postoperative blood transfusion in total knee arthroplasty: 
a retrospective, propensity score-matched cohort study. BMC Geriatr 22.

21.	 Albano D, Messina C, Vitale J, Sconfienza LM. Imaging of sarcopenia: old 
evidence and new insights. Eur Radiol. 2020;30:2199–208.

22.	 Bauer JM, Verlaan S, Bautmans I, et al. Effects of a Vitamin D and Leucine-
Enriched Whey Protein Nutritional Supplement on Measures of Sarcopenia in 
Older Adults, the PROVIDE Study: A Randomized, Double-Blind, Placebo-
Controlled Trial. J Am Med Dir Assoc. 2015;16:740–7.

23.	 Wang J, Xu L, Huang S, Hui Q, Shi X, Zhang Q. (2021) Low muscle mass and 
Charlson comorbidity index are risk factors for short-term postoperative 
prognosis of elderly patients with gastrointestinal tumor: a cross-sectional 
study. BMC Geriatr 21.

24.	 Bonewald LF, Kiel DP, Clemens TL, Esser K, Orwoll ES, O’Keefe RJ, Fielding RA. 
Forum on bone and skeletal muscle interactions: Summary of the proceed-
ings of an ASBMR workshop. J Bone Miner Res. 2013;28:1857–65.

25.	 Landi F, Liperoti R, Fusco D, Mastropaolo S, Quattrociocchi D, Proia A, Tosato 
M, Bernabei R, Onder G. Sarcopenia and Mortality among Older Nursing 
Home Residents. J Am Med Dir Assoc. 2012;13:121–6.

26.	 Bae GC, Moon KH. Effect of Osteosarcopenia on Postoperative Functional 
Outcomes and Subsequent Fracture in Elderly Hip Fracture Patients. Volume 
11. Geriatric Orthopaedic Surgery & Rehabilitation; 2020.

27.	 Chang KY, Albright JA, Testa EJ, Balboni AB, Daniels AH, Cohen E. (2023) Sar-
copenia Is Associated with an Increased Risk of Postoperative Complications 
Following Total Hip Arthroplasty for Osteoarthritis. Biology-Basel 12.

28.	 Babu JM, Kalagara S, Durand W, Antoci V, Deren ME, Cohen E. Sarcopenia as 
a Risk Factor for Prosthetic Infection After Total Hip or Knee Arthroplasty. J 
Arthroplasty. 2019;34:116–22.

29.	 Nemec U, Heidinger B, Sokas C, Chu L, Eisenberg RL. Diagnosing Sarcopenia 
on Thoracic Computed Tomography: Quantitative Assessment of Skeletal 
Muscle Mass in Patients Undergoing Transcatheter Aortic Valve Replacement. 
Acad Radiol. 2017;24:1154–61.

30.	 Kaplan SJ, Zhao KL, Koren M, Bentov I, Reed MJ, Pham TN. Thresholds and 
Mortality Associations of Paraspinous Muscle Sarcopenia in Older Trauma 
Patients. Jama Surg. 2020;155:662–4.

31.	 Ubachs J, Ziemons J, Minis-Rutten IJG, Kruitwagen R, Kleijnen J, Lambrechts 
S, Damink S, Rensen SS, Van Gorp T. Sarcopenia and ovarian cancer survival: 
a systematic review and meta-analysis. J Cachexia Sarcopenia Muscle. 
2019;10:1165–74.

32.	 Otten L, Stobäus N, Franz K, Genton L, Müller-Werdan U, Wirth R, Norman K. 
Impact of sarcopenia on 1-year mortality in older patients with cancer. Age 
Ageing. 2019;48:413–8.

33.	 Cheung ZB, Vig KS, White SJW, Lima MC, Hussain AK, Phan K, Kim JS, Caridi 
JM, Cho SK. Impact of Obesity on Surgical Outcomes Following Laminectomy 
for Spinal Metastases. Global Spine J. 2019;9:254–9.

34.	 McNeely MJ, Shofer JB, Leonetti DL, Fujimoto WY, Boyko EJ. Associations 
Among Visceral Fat, All-Cause Mortality, and Obesity-Related Mortality in 
Japanese Americans. Diabetes Care. 2012;35:296–8.

35.	 Reis JP, Macera CA, Araneta MR, Lindsay SP, Marshall SJ, Wingard DL. Com-
parison of Overall Obesity and Body Fat Distribution in Predicting Risk of 
Mortality. Obesity. 2009;17:1232–9.

36.	 Siddique N, Fallon N, Casey MC, Walsh JB. Statistical analysis of fat and muscle 
mass in osteoporosis in elderly population using total body DXA scans. Ir J 
Med Sci. 2020;189:1105–13.

37.	 Hsu YH, Venners SA, Terwedow HA, et al. Relation of body composition, fat 
mass, and serum lipids to osteoporotic fractures and bone mineral density in 
Chinese men and women. Am J Clin Nutr. 2006;83:146–54.

38.	 Okumura S, Kaido T, Hamaguchi Y, et al. Visceral Adiposity and Sarcopenic 
Visceral Obesity are Associated with Poor Prognosis After Resection of Pan-
creatic Cancer. Ann Surg Oncol. 2017;24:3732–40.

39.	 Takeuchi M, Ishii K, Seki H, Yasui N, Sakata M, Shimada A, Matsumoto H. (2016) 
Excessive visceral fat area as a risk factor for early postoperative complica-
tions of total gastrectomy for gastric cancer: a retrospective cohort study. 
BMC Surg 16.

40.	 Jackson RD, Mysiw WJ. Insights into the epidemiology of postmenopausal 
osteoporosis: the Women’s Health Initiative. Seminars in reproductive medi-
cine. Thieme Medical; 2014. pp. 454–62.

41.	 Pedersen AB, Ehrenstein V, Szépligeti SK, Lunde A, Lagerros YT, Westerlund A, 
Tell GS, Sørensen HT. Thirty-five–year trends in first-time hospitalization for 
hip fracture, 1-year mortality, and the prognostic impact of comorbidity: a 
Danish nationwide cohort study, 1980–2014. Epidemiology. 2017;28:898–905.

42.	 Khan MA, Hossain FS, Ahmed I, Muthukumar N, Mohsen A. Predictors of early 
mortality after hip fracture surgery. Int Orthop. 2013;37:2119–24.

43.	 Pedersen AB, Ehrenstein V, Szépligeti SK, Sørensen HT. Hip fracture, comor-
bidity, and the risk of myocardial infarction and stroke: a Danish nationwide 
cohort study, 1995–2015. J Bone Miner Res. 2017;32:2339–46.

44.	 Vestergaard P, Rejnmark L, Mosekilde L. Increased mortality in patients with a 
hip fracture-effect of pre-morbid conditions and post-fracture complications. 
Osteoporos Int. 2007;18:1583–93.

45.	 Lystad RP, Cameron CM, Mitchell RJ. Mortality risk among older Australians 
hospitalised with hip fracture: a population-based matched cohort study. 
Archives Osteoporos. 2017;12:1–8.

46.	 Cruz-Jentoft AJ, Landi F, Schneider SM, et al. Prevalence of and interven-
tions for sarcopenia in ageing adults: a systematic review. Report of the 
International Sarcopenia Initiative (EWGSOP and IWGS). Age Ageing. 
2014;43:748–59.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Based on CT scans at the 12th thoracic spine level, assessing the impact of skeletal muscle and adipose tissue index on one-year postoperative mortality in elderly hip fracture patients: a propensity score-matched multicenter retrospective study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design
	﻿Skeletal muscle and adipose index measurements
	﻿Statistical analysis

	﻿Results
	﻿Institution 1
	﻿Institution 2
	﻿Receiver operator characteristics analysis

	﻿Discussion
	﻿Conclusion
	﻿References


