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Abstract

Background The sarcopenia index (SI), calculated as the ratio of serum creatinine to cystatin C levels, reflects skeletal
muscle mass and strength. Patients with hip fracture (HF) and sarcopenia have poor functional outcomes, and many
require long-term care after surgery. We hypothesized that the SI can predict preoperative and early postoperative func-
tional outcomes.
Methods Preoperative serum creatinine and cystatin C were measured to calculate the SI for patients with surgically
treated HF (n = 130, mean age: 87.8 ± 6.9 years). Walking ability before and 2 weeks after surgery was assessed, and
patients were dichotomized into independent and assistance groups. To assess the validity of the SI, we examined its
correlation with the quality [computed tomography (CT) value] and quantity (cross-sectional area) of the muscles
around the hip on the non-operated side, which were preoperatively measured using CT. Receiver operating character-
istic (ROC) analysis was performed to evaluate the prognostic value of the SI.
Results The SI of the preoperative independent (n = 77) and assistance groups (n = 53) significantly differed
(70.2 ± 12.4 and 60.1 ± 9.8, respectively, P < 0.000001). At 2 weeks after surgery, the SI was significantly higher
in the independent group (n = 31, 73.0 ± 14.9) than in the assistance group (n = 99, 64.0 ± 10.7, P = 0.0003). In
the preoperative independent group, 28 could walk independently after surgery (SI: 74.8 ± 14.0) while 49 required
assistance (SI: 67.7 ± 10.6, P = 0.01). For patients with femoral neck fracture (FNF), the SIs were significantly higher
in the postoperative independent group (78.6 ± 15.7) than in the postoperative assistance group (63.2 ± 10.9,
P = 0.002). Logistic regression analysis showed that the odds ratio (95% confidence interval) of the SI for postopera-
tive walking ability was 0.95 (0.91–0.99, P = 0.03). The correlations of SIs with CT values and cross-sectional areas
were as follows: iliopsoas at the apex of the femoral head, r = 0.40, P < 0.001 and r = 0.49, P < 0.001, respectively;
rectus femoris at the level of the lessor trochanter, r= 0.26, P = 0.007 and r= 0.37, P < 0.001, respectively. ROC anal-
ysis for predicting postoperative walking ability in preoperative independent patients with HF and FNF revealed areas
under the curve (95% confidence interval) of 0.63 (0.50–0.76) and 0.80 (0.65–0.96), respectively.
Conclusions In patients with HF, the SI correlated with preoperative walking ability and could predict postoperative
walking ability. Among patients who could walk independently before surgery, those with high SIs could walk indepen-
dently early in the postoperative period. The SI is beneficial for estimating walking ability in patients with HF.
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Introduction

Hip fracture (HF) is common in older patients who sustain
low-energy trauma, such as when falling from standing height
or lower. Approximately 1.6 million HFs are sustained world-
wide each year—this number is increasing due to ageing pop-
ulations and is expected to reach 4.5–6.3 million by 2050.1,2

The 1-year mortality rate of patients with HF is reported to
be more than 20%, which is three-fold that of the
age-matched general population.3,4 Regarding functional out-
come, the walking recovery rate in older patients at 1 year af-
ter HF is less than 60%, resulting in the need for long-term
care.5,6 Predicting the need for long-term care as early as
possible is important because the care services are smoothly
provided. The preoperative factors associated with poor func-
tional outcomes after HF include older age, not living at
home, and extracapsular fracture type (trochanteric fracture
vs. femoral neck fracture).7

Sarcopenia, characterized by the loss of skeletal muscle
mass, reduced skeletal muscle function, and/or poor physical
performance,8 can lead to reduced quality of life, disability,
and increased risk of mortality.9 Some studies have reported
that sarcopenia is an important predictor of functional limita-
tions after sustaining a HF.7,10 For the measurement of skele-
tal muscle mass, dual-energy X-ray absorptiometry or
bioelectrical impedance analysis (BIA) is recommended11;
however, these methods may be challenging in the case of
HF owing to patients experiencing pain during measurement.

The sarcopenia index (SI), which is calculated as serum cre-
atinine (mg/dL)/cystatin C (mg/dL) × 100, is positively corre-
lated with skeletal muscle mass and strength.12–16 Both
serum creatinine and cystatin C are well-known biomarkers
of renal function. Serum creatinine is affected not only by re-
nal function but also by skeletal muscle mass, because creat-
inine is produced in skeletal muscle cells. In contrast, serum
cystatin C is largely unaffected by reduced muscle mass, be-
cause cystatin C is produced in all nucleated cells. Therefore,
the ratio of serum creatinine to cystatin C reflects skeletal
muscle mass.14 However, there are few studies on the use
of the SI in patients with HF.17,18 In particular, there are no
studies on functional outcome prediction using the SI in these
patients. The aim of this study was to evaluate whether the SI
of patients with HF accurately reflects preoperative and early
postoperative functional outcomes.

Methods

Patients and treatment

This retrospective study was conducted at the North Medical
Center, Kyoto Prefectural University of Medicine. This hospi-
tal is located in the northern area of Kyoto Prefecture in

the midwestern part of Japan. Japan has one of the most rap-
idly ageing societies globally; in this area, the ratio of individ-
uals aged 65 years and over exceeds 35%, while the ratio of
centenarians is 2.5 times the average in Japan. This study
was approved by the ethics committee of the Kyoto Prefec-
tural University of Medicine.

Eligible patients were those who were diagnosed with an
HF using radiography, computed tomography (CT), and/or
magnetic resonance imaging and who were surgically treated
at our hospital from January 2020 to May 2021. The exclusion
criteria were as follows: age < 65 years, receiving dialysis,
treated with conservative therapy, presence of
subtrochanteric or pathological fractures, and missing data.

The types of fracture were dichotomized into femoral neck
fractures (FNFs) and trochanteric fractures (TFs). Basal frac-
tures of the femoral neck were included in the TF group
due to the surgical methods used. FNFs classified as Garden
stage I or II were treated with internal fixation using the
Prima Hip Screw (Japan Medical Dynamic Marketing; Tokyo,
Japan), FNFs classified as Garden stage III or IV were treated
with cemented femoral head replacement (FHR) using CMK
stems (Zimmer Biomet; Warsaw, IN), and TFs were treated
with ORIF using Japanese Proximal Femoral Nail Antirotation
implants (PFNA; Depuy Synthes; Raynham, MA).

Laboratory data

Blood samples were obtained prior to surgery, mainly upon
admission. In cases where blood tests were performed more
than once, results from the first test were used to limit the
effect of fracture. The following blood parameters were
assessed: serum creatinine, serum cystatin C, serum albumin,
lymphocyte count, and haemoglobin concentration. Serum
cystatin C was measured using the gold colloid method (SRL
Inc.; Tokyo, Japan), while serum creatinine was measured
using enzymatic methods.

Assessment of walking ability

Walking ability was dichotomized into an independent and an
assistance group. The independent group included patients
who walked independently or with a T-cane, while the assis-
tance group included patients who required wheeled
walkers, handrails, or the assistance of others. The patients’
preoperative walking ability, either self-reported or reported
by family members and/or facility staff, was divided into a
pre-independent and pre-assistance group. All postoperative
walking data were collected by physiotherapists with
≥5 years of experience who were blinded to their SI. During
postoperative rehabilitation, walking practice was performed
with parallel bars, then walkers, and then canes, based on pa-
tients’ stability and lower limb muscle strength as evaluated
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by the physiotherapists. The criterion of the postoperative
walking ability was the ability to walk 20 m with and without
a T-cane at 2 weeks after surgery.

Computed tomography measurements

Computed tomography examinations were performed using
a 320-slice multidetector CT scanner (Siemens Healthineers,
Erlangen, Germany) prior to surgery, mainly upon admission.
According to previously established methodology, axial im-
ages of the iliopsoas at the apex of the femoral head and rec-
tus femoris at the level of the lesser trochanter on the
non-operated side were evaluated if the contralateral frac-
ture had not been surgically treated.19 The outer edges of
the muscles were manually traced, and the CT value (HU)
(as an index of muscle quality) and cross-sectional area
(mm2) (as an index of muscle quantity) were calculated using
PACS software. To assess the validity of the SI, we examined
the correlations of SIs with the CT values and cross-sectional
areas of the measured iliopsoas and rectus femoris muscles.
This method was adopted based on the correlation between
these muscles and the psoas muscle at the L3 level, which is
widely examined to diagnose sarcopenia.19,20

Statistical analysis

Student’s t-test or χ2 test was used to compare the groups.
Differences were considered significant at P < 0.05.
Pearson’s correlation coefficient was used to examine corre-
lations. Logistic regression analysis was used to identify the
factors of postoperative walking ability. Receiver operating
characteristic (ROC) curves were constructed, and the area
under the curve (AUC) was calculated using EZR software
(Saitama Medical Center, Jichi Medical University; Saitama,
Japan).21

Results

During the data acquisition period, 150 patients with HF were
surgically treated at our hospital. Among these, 20 patients
were excluded: 5 were under 65 years of age, 2 were under-
going dialysis, and 13 had missing data. The demographic
data of the 130 included patients are presented in Table 1.
The mean age (±standard deviation) was 87.8 ± 6.9 years,
and 28 patients (21.5%) were male. There were 50 patients
with FNFs and 80 with TFs. Thirty-five patients underwent
cemented FHR and 95 underwent internal fixation.
Seventy-seven patients walked independently prior to admis-
sion and 53 required assistance.

A strong positive correlation was found between serum
creatinine and cystatin C in all 130 patients (r = 0.915,

P < 0.0001; Figure S1). After dividing preoperative walking
ability into a pre-independent and pre-assistance group,
the correlation between these markers strengthened (pre-
independent group: r = 0.944, P < 0.0001; pre-assistance
group: r = 0.912, P < 0.0001; Figure 1).

Upon examination of the differences between the
pre-independent and pre-assistance group (Table 2), it was
found that age (86.2 ± 7.3 and 90.0 ± 5.8 years, respectively,
P = 0.002), serum albumin (3.7 ± 0.4 and 3.4 ± 0.5 g/dL, re-
spectively, P = 0.0006) and haemoglobin concentration
(11.6 ± 1.7 and 10.6 ± 1.9 g/dL, respectively, P = 0.001) signif-
icantly differed. Although no significant differences between
the pre-independent and pre-assistance group were found
for serum creatinine (0.93 ± 0.55 and 0.83 ± 0.31 mg/dL, re-
spectively, P = 0.23) or serum cystatin C concentration
(1.30 ± 0.63 and 1.38 ± 0.48 mg/L, respectively, P = 0.42),
the SI, which is their ratio, significantly differed (70.2 ± 12.4
and 60.1 ± 9.8, respectively, P < 0.000001).

Examination of the preoperative differences revealed that
SIs were significantly, negatively correlated with age but not
significantly associated with body mass index (BMI)
(r = �0.18, P = 0.04 and r = 0.16, P = 0.07, respectively;
Figure S2). The SI was significantly higher for men
(75.1 ± 14.4) than for women (63.7 ± 10.6, P < 0.00001)
(Table 3). The SI of patients who resided at home prior to
admission (67.6 ± 13.2) was significantly higher than that of
patients who resided elsewhere (62.7 ± 9.5, P = 0.04). There
were no significant differences in the SI based on fracture

Table 1 Demographic data of the patients included in this study

Variables Mean ± SD/number (percentage)

Age (years) 87.8 ± 6.9
Sex
Male 28 (21.5%)
Female 102 (78.5%)

Height (cm) 147.8 ± 9.4
Weight (kg) 45.3 ± 9.0
Body mass index (kg/m2) 20.7 ± 3.2
Residence
Home 91 (70.0%)
Other 39 (30.0%)

Fracture type
Femoral neck fracture 50 (38.5%)
Trochanteric fracture 80 (61.5%)

Surgery
Femoral head replacement 35 (26.9%)
Internal fixation 95 (73.1%)

Surgery from admission (days) 1.3 ± 1.2
Within 2 days from admission 114 (87.7%)

Preoperative walking ability
Independent group 77 (59.3%)
Assistance group 53 (40.7%)

Laboratory data
Serum creatinine (mg/dL) 0.89 ± 0.47
Serum cystatin C (mg/L) 1.33 ± 0.57
Serum albumin (g/dL) 3.5 ± 0.5
Lymphocyte count (102/μL) 10.1 ± 0.5
Haemoglobin (g/dL) 11.2 ± 1.8

Sarcopenia index 66.1 ± 12.4

Serum creatinine to cystatin C ratio 947
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type or surgical method. Even when sex differences were
considered, the SI of women in the pre-independent group
was higher than that of women in the pre-assistance group
(66.8 ± 10.0 and 59.7 ± 10.1, respectively, P = 0.0006). For
men, the SI was significantly higher in the pre-independent
group (80.0 ± 13.3) than in the pre-assistance group
(62.7 ± 8.2, P = 0.002).

Computed tomography measurements were performed on
the contralateral side in 105 patients without HF. The corre-
lation of the SI with the CT value and cross-sectional area

of the iliopsoas at the apex of the femoral head was positive
and significant (r = 0.40, P < 0.001 and r = 0.49, P < 0.001,
respectively; Figure 2A,B), while the correlation of the SI with
the CT value and cross-sectional area of the rectus femoris at
the level of the lesser trochanter was weak but significant
(r = 0.26, P = 0.007 and r = 0.37, P < 0.001, respectively;
Figure 2C,D). The SI/BMI ratio had a stronger correlation with
the CT value (iliopsoas: r = 0.49, P < 0.001; rectus femoris:
r = 0.40, P < 0.001) than did the SI alone (Figure S3).

We also investigated walking ability 2 weeks after surgery.
Thirty-one patients were included in the post-independence
group and 99 in the post-assistance group (Table 4). In the
post-independent group, 10 patients were male and 21 were
female; all patients resided at home prior to admission. Se-
rum albumin levels prior to surgery were significantly differ-
ent between the post-independent and post-assistance
groups (3.7 ± 0.5 and 3.5 ± 0.5 g/L, respectively, P = 0.04).
Any other blood parameter data, including haemoglobin con-
centration prior to surgery, were not significantly different
between the post-independent and post-assistance groups.
However, the SI in the post-independence group
(73.0 ± 14.9) was significantly higher than that in the
post-assistance group (64.0 ± 10.7, P = 0.0003). For men,
the SIs in the post-independence and post-assistance groups
were 83.9 ± 16.6 and 70.2 ± 10.5 (P = 0.01), respectively.
For women, the SI in the post-independence and
post-assistance groups was 67.8 ± 11.0 and 62.6 ± 10.4
(P = 0.04). Logistic regression analysis showed that the SI
[odds ratio (OR), 95% confidence interval (CI): 0.94,
0.91–0.98; P = 0.003], age (OR, 95% CI: 1.09, 1.02–1.17;
P = 0.008), and TF (OR, 95% CI: 3.32, 1.31–8.43: P = 0.01)
were predictors of postoperative walking ability (Table 5).
The ROC analysis of the preoperative SI and postoperative
walking ability for all patients and for the patients diagnosed
with FNF is illustrated in Figure 3. The AUC (95% CI) for all pa-
tients and the patients diagnosed with FNF was 0.68
(0.57–0.80) and 0.77 (0.62–0.93), respectively (Figure 3A,B).
The cut-off value of the SI, determined by Youden’s index,

Figure 1 Correlation between serum creatinine and cystatin C in the
pre-independent and pre-assistance group. The solid line and circle rep-
resent the pre-independent group, while the dotted line and square rep-
resent the pre-assistance group.

Table 2 Differences between pre-independent and pre-assistance group

Pre-independent (n = 77) Pre-assistance (n = 53) P value

Sex (M: 20, F: 57) (M: 8, F: 45) P = 0.21
Age 86.2 ± 7.3 90.0 ± 5.8 P = 0.002
Residence (home: 68, other: 9) (home: 23, other: 30) P < 0.01
Fracture type (N: 35, T: 42) (N: 15, T: 38) P = 0.07
Surgery (FHR: 27, IF: 50) (FHR: 8, IF: 45) P = 0.02
Surgery from admission (days) 1.2 ± 1.1 1.3 ± 1.4 P = 0.69
Laboratory data
Serum creatinine (mg/dL) 0.93 ± 0.55 0.83 ± 0.31 P = 0.23
Serum cystatin C (mg/L) 1.30 ± 0.63 1.38 ± 0.48 P = 0.42
Serum albumin (g/dL) 3.7 ± 0.4 3.4 ± 0.5 P = 0.0006
Lymphocyte count (102/μL) 10.3 ± 0.5 9.7 ± 0.6 P = 0.50
Haemoglobin (g/dL) 11.6 ± 1.7 10.6 ± 1.9 P = 0.001

Sarcopenia index 70.2 ± 12.4 60.1 ± 9.8 P < 0.000001

F, female; M, male; N, femoral neck fracture; T, trochanteric fracture.
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Figure 2 Correlation of the sarcopenia index with the (A) computed tomography (CT) value and (B) cross-sectional area of the iliopsoas at the apex of
the femoral head, and the (C) CT value and cross-sectional area of the rectus femoris at the level of the lesser trochanter (D).

Table 3 Differences in the sarcopenia index score based on preoperative characteristics

Variables Sarcopenia index, mean ± SD P value

Sex
Male 75.1 ± 14.4
Female 63.7 ± 10.6 P < 0.00001

Residence
Home 67.6 ± 13.2
Others 62.7 ± 9.5 P = 0.04
Fracture type
Femoral neck fracture 66.1 ± 15.1
Trochanteric fracture 66.2 ± 10.5 P = 0.97

Surgery
Femoral head replacement 66.8 ± 16.4
Internal fixation 65.9 ± 10.7 P = 0.72

Preoperative walking ability
Pre-independent group 70.2 ± 12.4
Pre-assistance group 60.1 ± 9.8 P < 0.000001
Male, pre-independent 80.0 ± 13.3
Male, pre-assistance 62.7 ± 8.2 P = 0.002
Female, pre-independent 66.8 ± 10.0
Female, pre-assistance 59.7 ± 10.1 P = 0.0006

Boldface P values indicate a significant difference (P < 0.05).
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for all patients and for the patients diagnosed with FNF were
68.7 (sensitivity: 0.72, specificity: 0.68) and 70.0 (sensitivity:
0.90, specificity: 0.68), respectively.

In the pre-independent group, 28 patients (36%) walked
independently at 2 weeks after surgery (post-independent
group) and 49 (64%) walked with assistance (post-assistance
group; Table 6). The SIs of the post-independence and
post-assistance groups were 74.8 ± 14.0 and 67.7 ± 10.6
(P = 0.01), respectively, although, when considering sex dif-
ferences, the significance disappeared. For patients diag-
nosed with FNF, the SI was significantly higher in the
post-independent group (78.6 ± 15.7) than in the
post-assistance group (63.2 ± 10.9, P = 0.002). For women di-
agnosed with FNFs, the SI was significantly higher in the
post-independent group (72.7 ± 10.8) than in the
post-assistance group (61.6 ± 10.7, P = 0.03); for all patients
and women diagnosed with TF, there were no significant dif-
ferences between groups. Logistic regression analysis showed
that the SI (OR, 95% CI: 0.95, 0.91–0.99; P = 0.03) and age
(OR, 95% CI: 1.09, 1.02–1.18; P = 0.02) were predictors of
postoperative walking ability (Table 7). ROC analysis revealed
that the AUCs (95% CI) for all patients and patients diagnosed
with FNF in the pre-independent group were 0.63 (0.50–0.76)
and 0.80 (0.65–0.96), respectively (Figure 3C,D). The cut-off
values for the SI, determined by Youden’s index, for all
patients and patients diagnosed with FNF in the
pre-independent group were 67.7 (sensitivity: 0.57, specific-
ity: 0.71) and 69.6 (sensitivity: 0.83, specificity: 0.77),
respectively.

Discussion

In this study, we determined the SI of patients with HF prior
to surgery and found that it not only reflected preoperative
but also postoperative walking ability. It should be noted that
even though the patients with HF were able to walk indepen-
dently prior to surgery, the SI could predict their walking abil-
ity 2 weeks after surgery. To the best of our knowledge, this is
the first study to assess the relationship between the SI and
preoperative and early postoperative functional outcomes
in patients with HF.

Sarcopenia is diagnosed by low muscle mass, low muscle
strength, and/or poor physical performance. The SI was orig-
inally designed to estimate skeletal muscle mass in patients
admitted to the intensive care unit.14 It has been shown to
correlate with mortality,22,23 short-term postoperative
complications,24 skeletal muscle mass,16,25,26 and skeletal
muscle strength including hand grip strength and gait
speed.15,16,22,25 Consistent with these studies showing the
correlation with muscle function, the SI of patients with HF
in this study correlated with preoperative walking ability.
The SI correlated significantly with postoperative walking
ability, although this correlation was weaker than that with
preoperative walking ability, partly because of postoperative
pain. FNFs are intra-articular fractures that involve less bleed-
ing than do extra-articular fractures; TFs and cemented FHRs
are associated with less postoperative pain owing to their
high initial fixation strength.27,28 A stronger correlation be-
tween SIs and postoperative walking ability was confirmed

Table 4 Differences between the post-independent and post-assistance group

Post-independent, mean ± SD Post-assistance, mean ± SD P value

Sex (M:10, F:21) (M:18, F:81) P = 0.16
Age 84.1 ± 7.8 88.9 ± 6.2 P = 0.0005
Residence (home: 31, other: 0) (home: 60, other: 39)
Laboratory data
Serum creatinine (mg/dL) 0.87 ± 0.52 0.89 ± 0.45 P = 0.84
Serum cystatin C (mg/L) 1.16 ± 0.48 1.38 ± 0.59 P = 0.07
Serum albumin (g/dL) 3.7 ± 0.5 3.5 ± 0.5 P = 0.04
Lymphocyte count (102/μL) 10.7 ± 4.0 9.9 ± 5.7 P = 0.44
Haemoglobin (g/dL) 11.7 ± 1.7 11.0 ± 1.8 P = 0.08

Sarcopenia index
Total 73.0 ± 14.9 64.0 ± 10.7 P = 0.0003
Male 83.9 ± 16.6 70.2 ± 10.5 P = 0.01
Female 67.8 ± 11.0 62.6 ± 10.4 P = 0.04

Boldface P values indicate a significant difference (P < 0.05).

Table 5 Logistic regression analysis of the relationship between postoperative walking ability and the sarcopenia index, age, and fracture type

OR 95%CI P value

Sarcopenia index 0.94 0.91–0.98 P = 0.003
Age 1.09 1.02–1.17 P = 0.008
Fracture type (TF) 3.32 1.31–8.43 P = 0.01

95%CI, 95% confidence interval; OR, odds ratio; TF, trochanteric fracture.
Boldface P values indicate a significant difference (P < 0.05).
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Figure 3 Receiver operating characteristic analysis of the preoperative sarcopenia index and the postoperative walking ability in (A) all patients, (B)
femoral neck fracture patients, (C) all patients in the pre-independent group and patients with femoral neck fracture in the pre-independent group (D).

Table 6 Differences in the sarcopenia index between the post-independent and post-assistance group (pre-independent group)

Post-independent, mean ± SD (number) Post-assistance, mean ± SD (number) P value

Pre-independent
Total 74.8 ± 14.0 (28) 67.7 ± 10.6 (49) P = 0.01
Male 82.8 ± 16.4 (11) 75.4 ± 7.4 (13) P = 0.16
Female 69.5 ± 9.4 (17) 64.9 ± 10.3 (36) P = 0.12

Fracture type
Total, FNF 78.6 ± 15.7 (17) 63.2 ± 10.9 (18) P = 0.002
Total, TF 68.9 ± 8.4 (11) 70.2 ± 9.8 (31) P = 0.12
Female, FNF 72.7 ± 10.8 (8) 61.6 ± 10.7 (15) P = 0.03
Female, TF 66.7 ± 7.5 (9) 67.1 ± 9.6(21) P = 0.89

FNF, femoral neck fracture, TF, trochanteric fracture.
Numbers in parentheses indicate the number of patients. Boldface values indicate a significant difference (P < 0.05).
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in cases of FNF. These results reflect the usefulness of the SI
for predicting walking ability.

A systematic review and meta-analysis revealed that pa-
tients with HF and sarcopenia have a high risk of mortality
and poor functional outcomes.7,29 The Sarcopenia Working
Group recommends measuring skeletal muscle mass using
dual-energy X-ray absorptiometry or BIA; however, in pa-
tients presenting with HF prior to surgery, the use of these
methods is challenging. To address this issue, grip strength
has been used to estimate muscle function and was found
to predict functional outcomes.30 Previous reports have
shown that preoperative hypoalbuminemia is related to lim-
ited functioning prior to surgery and predicts poor functional
outcomes31,32; we found an albumin concentration within
the normal range to positively correlate with preoperative
and early postoperative walking ability. However, the SI
strongly correlated with preoperative and early postoperative
walking ability. Given that blood tests are essential prior to
surgery, the SI is the simplest and least invasive method to
estimate muscle function.

In our study, the SI was a good predictor of postoperative
walking ability, even when patients were able to walk inde-
pendently. Moreover, a recent study reported that the glo-
merular filtration rate estimated from serum creatinine was
overestimated in patients with HF and decreased skeletal
muscle mass.17 The estimated glomerular filtration rate is im-
portant for determining the required antibiotic dose and dos-
age schedule. Considering the high prevalence of sarcopenia
in patients with HF,33 we concluded that the preoperative se-
rum cystatin C concentration should be measured in patients
with HF.

Computed tomography measurements of the lower limb
muscles are a well-established marker of physical function,
such as walking ability.34,35 In this study, skeletal muscle loss
was determined as the loss of muscle quality (CT value) and
quantity (cross-sectional area) on CT. Because the CT value
of fat is lower than that of skeletal muscle, the difference in
CT value is often used in studies on sarcopenia. Some papers
reported that psoas muscle attenuation in the lumbar area in
patients with HF was useful for predicting mortality.36–38 Al-
though fatty degeneration of the mid-thigh muscle measured
by CT in patients with HF correlates with the bone mineral
density of the entire hip,39 CT measurement in patients with

HF is currently limited to predicting functional outcomes. In
this study, there was a weak correlation between the SI and
skeletal muscle loss around the hip on CT. Consistent with
our data, the correlations between the SI and skeletal muscle
mass in previous reports were not high. The correlation coef-
ficients in a study by Yang et al., who evaluated the correla-
tions of the SI with the CT value and cross-sectional areas
of muscles at the L3 level, were r = 0.378 and r = 0.375,40

while that in a study by Hirai et al., who reported the corre-
lations between the SI and the skeletal muscle mass using
BIA, was r = 0.44.41 Although we showed that the SI was a
good predictor of postoperative functional outcome, given
that there are not always correlations between the skeletal
muscle mass and physical performance in older individuals,42

the SI should be cautiously used as a surrogate maker for the
evaluation of sarcopenia. Nishida et al. reported that the SI/
body weight ratio has a stronger correlation with the skeletal
muscle index than does the SI alone.13 Therefore, we also ex-
amined the correlation between the SI/BMI ratio and the CT
value—the BMI-adjusted SI had a stronger positive correla-
tion with the CT value than did the SI alone. Thus, further re-
search on CT and the SI is needed.

A clear sex difference in SIs was observed in our study,
consistent with several previous studies.12,16 Creatinine is
produced in the skeletal muscle cells, and the serum concen-
tration in men is generally higher than that in women; this in-
dicates that the skeletal muscle mass is greater in men than
in women. Diagnostic criteria for sarcopenia are also different
for men and women.11 Given these points, we considered
that a sex difference in SIs was observed.

This study had several limitations. First, it had a retrospec-
tive design, a relatively small sample size, and was conducted
at a single hospital. Second, we did not examine the criteria
for a sarcopenia diagnosis, such as handgrip strength or skel-
etal muscle mass. However, the results related to the SI were
consistent with those from previous reports and muscle mass
properties. To confirm the validity of our results, a prospec-
tive study that measures muscle strength and/or muscle
mass in a larger number of patients should be conducted. Al-
though we did not examine bone mineral density, sarcopenia
and osteoporosis are correlated with each other. HFs oc-
curred in osteoporotic patients. Future studies of the rela-
tionship between SIs and bone mineral density are needed.
Third, we exclusively assessed short-term functional out-
comes—because medical records were followed during the
course of hospitalization only, further follow-up was not pos-
sible. However, short-term functional outcomes correlate
with 1-year mortality and walking ability,43,44 and therefore,
the primary goal of rehabilitation is to walk independently
as early as possible. The strength of our study was that all
postoperative mobility evaluations were performed by skilled
physiotherapists; the mean hospitalization period in Japan is
reportedly more than 30 days, which is longer than that in
other countries.45

Table 7 Logistic regression analysis of the relationship between
postoperative walking ability and the sarcopenia index, age, and
fracture type (pre-independent group)

OR 95%CI P value

Sarcopenia index 0.95 0.91–0.99 P = 0.03
Age 1.09 1.02–1.18 P = 0.02
Fracture type (TF) 2.57 0.91–7.3 P = 0.08

95%CI, 95% confidence interval; OR, odds ratio; TF, trochanteric
fracture.
Boldface values indicate a significant difference (P < 0.05).
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In conclusion, we evaluated the correlation of the SI with
preoperative blood tests and walking ability in 130 patients
with HF. The SI strongly correlated with preoperative walking
ability and was able to predict postoperative walking ability.
Among patients who could walk independently prior to sur-
gery, those with a high SI score were able to walk indepen-
dently early in the postoperative recovery period. The SI
was beneficial for estimating walking ability in patients with
HF.
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