
Sarcopenia, characterized by the progressive and general-
ized loss of skeletal muscle mass and strength, is a growing 
concern for the aging population.1) This condition not 

only diminishes physical capabilities but also contributes 
to adverse clinical outcomes such as increased risks of falls, 
frailty, and reduced quality of life.2-4) Therefore, early rec-
ognition and accurate diagnosis of sarcopenia are crucial 
for preventing these complications and enhancing overall 
well-being.5)

While the diagnosis of sarcopenia requires an as-
sessment of muscle mass, strength, and physical perfor-
mance, numerous studies have explored the validity of 
predicting sarcopenia by measuring the cross-sectional 
area (CSA) of specific muscle groups.6) Despite ongoing 
debate over the use of a single muscle’s volume or CSA as 
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a sentinel marker for sarcopenia, research has shown that 
muscles such as the psoas, paraspinal, and thigh muscles 
hold potential as diagnostic indicators.7-10) Traditionally, 
the diagnostic value and clinical outcome predictions as-
sociated with sarcopenia are predominantly focused on 
these muscle groups since they can be easily assessed.11)

However, this emphasis on the psoas and paraspinal 
muscles inadvertently overlooks the critical importance of 
the gluteal muscles. The primary goal of diagnosing sar-
copenia is to assess and mitigate the risk of falls, which is 
crucial for preserving independence and quality of life in 
older adults.4,12,13) Physical balance and stability are essen-
tial for preventing falls and are closely linked to the pos-
terior chain muscles, particularly the gluteal muscles.14-16) 
Despite their pivotal role in maintaining lateral balance 
and stability, the gluteal muscles have not been extensively 
studied in sarcopenia. This oversight has limited our un-
derstanding of the best assessment methods and manage-
ment of sarcopenia, particularly in the aging population.

Given the critical role of the gluteal muscles in bal-
ance and fall prevention, we hypothesized that the gluteal 
muscle could serve as a key indicator in the diagnosis of 
sarcopenia, with a diagnostic value comparable to that of 
the psoas muscle. In this context, the present study aimed 
to evaluate the validity of the gluteal muscle index (GMI), 
measured via computed tomography (CT) imaging using 
health screening data, as a predictor for diagnosing sarco-
penia among community-dwelling adults. 

METHODS
The Institutional Review Board of Chung-Ang University 
Hospital where the research was conducted approved this 
study (IRB No. 2023-0208). The need for informed con-

sent was waived on the condition that no personally iden-
tifiable information would be collected from the subjects.

Study Design and Participants
The present study is a retrospective, cross-sectional study 
conducted using health examination data from a commu-
nity-dwelling adult population. Data were collected from 
1,125 adults aged ≥ 30 years who underwent abdominal 
CT, dual-energy x-ray absorptiometry (DEXA) scans, 
and bioimpedance analysis (BIA) examinations for health 
screening purposes between January 2019 and October 
2020 at Chung-Ang University Hospital. From the col-
lected health examination data, subjects with medical con-
ditions that could potentially influence sarcopenia, specifi-
cally those with chronic diseases that could impact bone 
metabolism and body composition, were excluded. These 
chronic diseases included thyroid and parathyroid diseas-
es, rheumatoid arthritis, chronic renal failure, malignancy, 
lung disease, and cerebrovascular disease. Additionally, 
subjects taking medications that could influence hormone 
balance, such as glucocorticoids, warfarin, thyroxine, and 
sex hormones, were excluded. Furthermore, non-Asian 
subjects were also excluded from the analysis to eliminate 
the effects of racial differences.

We excluded 626 subjects with chronic diseases 
listed in the exclusion criteria, 23 subjects receiving hor-
mone-related medications, and 62 non-Asian subjects. 
Afterward, 414 subjects were screened. Subjects were ran-
domly selected across age groups to match the age distri-
bution based on the 2019 Population and Housing Census 
statistics: 52 subjects in their 30s (18%), 68 in their 40s 
(23%), 72 in their 50s (25%), 52 in their 60s (18%), and 46 
aged 70 years and above (16%). Thus, a total of 290 sub-
jects were included in the analysis (Fig. 1).

Between Jan 2019 and Oct 2020
1,125 community-dwelling adults over 30 years of age

414 Subjects

Analyzed 290 subjects

711 Excluded
- 626 Subjects with chronic disease, including thyroid and
parathyroid diseases, rheumatoid arthritis, chronic renal
failure, malignancy, lung disease, and cerebrovascular
disease
23 Subjects taking medications causing hormone
changes, including glucocorticoids, warfarin, thyroxine,
sex hormones
62 Non-Asian subjects

-

-

Matching the age distribution based on the 2019
Population and Housing Census statistics

Fig. 1. Patient flow diagram. 
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Anthropometric Data Collection and Sarcopenia 
Diagnosis
We collected data on the subjects’ age, sex, height, weight, 
and medical history. Bone mineral density (BMD) of the 
lumbar spine (L1–L4), femoral neck, and total hip was 
measured using DEXA with the Lunar Prodigy Advance 
system (GE Healthcare). Sarcopenia was defined using the 
appendicular skeletal muscle mass (ASM) index measured 
by BIA. This measurement was performed using tetrapo-
lar 8-point tactile electrodes (InBody 120, Biospace), with 
ASM values normalized for height and expressed as kg/m2. 
The cutoff values for diagnosing sarcopenia were set at < 7 
kg/m2 for men and < 5.7 kg/m2 for women based on previ-
ously established criteria for low muscle mass in the Asian 
population. Subjects who met these cutoff criteria were 
classified into the sarcopenia group, while the others were 
placed in the control group. 

Body Composition Data Collection
The CSA of the psoas, paraspinal, and gluteal muscles 
was measured using abdominal pelvic CT (AP-CT) scans 
with the Philips Brilliance 64 CT scanner to assess the 
relationship between each muscle index and the diagnosis 
of sarcopenia. The CSA of each muscle was determined 
using image-processing software (Aquarius Workstation, 
TeraRecon), with density limited to 0 and 120 hounsfield 
units (HU) to exclude fat components from the region 
of interest (Fig. 2).17,18) The psoas and paraspinal muscles 
were measured at the lower endplate level of the L3 ver-
tebral body on axial cuts (Fig. 2A and B). The gluteal 
muscles, including the gluteus maximus, medius, and 
minimus, were measured at the most caudal level of the 
sacroiliac joint on axial cuts (Fig. 2C and D).19) The mea-
sured CSA values were adjusted for height and referred to 
as the psoas muscle index (PMI), paraspinal muscle index 
(PaMI), and GMI, expressed in cm2/m2.

Additionally, body composition data obtainable 
from AP-CT, such as subcutaneous and visceral fat areas, 

A B

C D

Fig. 2. The cross-sectional areas (CSAs) of the psoas, paraspinal, and gluteal muscles were measured using multiaxial computed tomography scans 
and a PACS system (ZeTTA PACS, TaeYoung Soft). A predefined Hounsfield unit range from 0 to +120 was utilized to accurately measure the CSA of 
muscular structures for quantifying the skeletal muscle area within the region of interest. Then, the CSAs were normalized based on the patient’s height 
to calculate the psoas muscle index, paraspinal muscle index, and gluteal muscle index, adjusting these values for the patient’s height to cm2/m2 for 
comparative analysis. (A, B) A single axial image at the lower endplate of the L3 vertebral body was selected to delineate the region of interest along 
the margins of both the psoas and paraspinal muscles to measure their CSAs. (C, D) An axial cut corresponding to the most caudal cut of the sacroiliac 
joint was chosen to measure the CSAs of the gluteus maximus, medius, and minimus.
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were included in the sarcopenia prediction model. The 
CSA of visceral and subcutaneous fat was measured at the 
umbilicus level on axial cuts to standardize the measure-
ment method, with the density of adipose tissue limited to 
−150 to −50 HU (Fig. 3).

Statistical Analysis
Data are presented as mean ± standard deviation for con-
tinuous variables and absolute or relative frequencies for 
categorical variables. An independent t-test was used to 
compare anthropometric, body composition, and demo-
graphic data between the 2 groups. Both univariate and 
multivariate logistic regression analyses were conducted 
to identify variables significantly associated with sarco-
penia diagnosis within the study cohort. The univariate 
logistic regression analysis included variables such as age, 
sex, BMD, body mass index (BMI), PMI, PaMI, GMI, and 
visceral and subcutaneous fat indices. Variables with a p-
value < 0.1 from the univariate analysis were included in 
the multivariate logistic regression analysis to identify sig-
nificant predictors of sarcopenia diagnosis.

A receiver operating characteristic (ROC) curve 
was created, and the area under the curve (AUC) was 
measured to assess the predictive power of the regression 
model for sarcopenia. Youden’s index was also calculated 
to evaluate the diagnostic effectiveness of the model. The 
predictive power was classified as follows: non-informative 
(AUC = 0.5), less accurate (0.5 < AUC < 0.7), moderately 
accurate (0.7 < AUC < 0.9), highly accurate (AUC > 0.9), 
and perfect (AUC = 1). A Youden’s index value > 0.5 indi-

cates a good diagnostic test, reflecting a balance between 
sensitivity and specificity. Values approaching 1 demon-
strate excellent diagnostic ability, whereas values < 0.3 sug-
gest that the test is less effective at distinguishing between 
conditions. Additionally, the predictive power and cutoff 
values for individual variables, including PMI, PaMI, and 
GMI, were evaluated separately for each sex using ROC 
curves. Statistical analysis was performed using R software 
version 4.4.1 (R Foundation for Statistical Computing).

RESULTS
Descriptive Analysis
Table 1 presents the participants’ demographic and body 
composition data. Sarcopenia was present in 9% (26 / 290) 
of participants. There were no significant differences in 
sex distribution between the groups (p = 0.924). The sar-
copenia group had older individuals (58.5 ± 14.3 years vs. 
52.7 ± 12.4 years, p = 0.027) and lower ASM (5.9 ± 0.9 kg/
m2 vs. 7.1 ± 1.1 kg/m2, p < 0.001), BMI (20.6 ± 3.2 kg/m2 
vs. 23.9 ± 3.2 kg/m2, p < 0.001), and BMD (0.786 ± 0.130 
g/cm2 vs. 0.877 ± 0.170 g/cm2, p = 0.008) compared to the 
control group.

All 3 muscle indices measured by CT were lower in 
the sarcopenia group compared to the normal group, with 
PMI of 4.9 ± 1.6 cm2/m2 vs. 5.7 ± 1.7 cm2/m2 (p = 0.033), 
PaMI of 12.2 ± 3.3 cm2/m2 vs. 14.5 ± 3.2 cm2/m2 (p < 0.001), 
and GMI of 41.0 ± 7.9 cm2/m2 vs. 48.6 ± 8.4 cm2/m2 (p < 
0.001). Additionally, the subcutaneous fat index was lower 
in the sarcopenia group (47.6 ± 24.6 cm2/m2 vs. 59.4 ± 24.0 
cm2/m2, p = 0.018), whereas the visceral fat index did not 
show a significant difference between the groups (p = 0.084).

Predictive Model for Sarcopenia Diagnosis
Table 2 demonstrates the results of the univariate and 
multivariate logistic regression analyses. Eight variables 
with p < 0.10 in the univariate regression analysis—age, 
BMI, BMD, PMI, PaMI, GMI, subcutaneous fat index, and 
visceral fat index—were included in the multivariate re-
gression analysis. The ROC curve for the regression model 
had an AUC of 0.831, indicating moderately accurate pre-
dictive power, with a Youden’s index of 0.566 (Fig. 4). The 
multivariate logistic regression analysis showed that lower 
BMI and GMI were significantly correlated with an in-
creased risk of diagnosing sarcopenia (β = −0.427, p = 0.019 
and β = −0.101, p = 0.037, respectively).

Visceral:

Sub-Q:

Area ratio V/(V+S) (%): 39.5

Outer circumference (cm): 99.6

Area (cm )
2

174

266

Avg (HU)

99.6

102

SDev

23.2

18.7

Fig. 3. Cross-sectional computed tomography images reconstructed via 
Aquarius station. Blue indicates the subcutaneous fat area, while green 
indicates the visceral fat area at the level of the umbilicus.
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Predictive Power and Cutoff Values of Muscle Indices
Fig. 5 illustrates the ROC curves for the 3 muscle indices. 
The GMI demonstrated moderately accurate predictive 
power for both sexes, with an AUC (95% CI) of 0.872 

(0.785–0.959) for men and 0.811 (0.682–0.940) for women. 
The PaMI showed moderately accurate power for women 
with an AUC of 0.855 (0.778–0.932) and moderately ac-
curate power for men, with an AUC of 0.720 (0.537–0.903). 

Table 2. Univariate and Multivariate Logistic Regression Analysis for Diagnosing Sarcopenia in the Present Cohort

Variable
Univariate analysis Multivariate analysis

Std β Odds ratio (95% CI) p-value Std β Odds ratio (95% CI) p-value

Age  0.036 1.037 (1.004–1.071) 0.029* 0.052 1.054 (1.005–1.105) 0.025*

Sex, male –0.124 0.884 (0.394–1.982) 0.764 - - -

BMI –0.398 0.672 (0.565–0.800) < 0.001* –0.427 0.653 (0.457–0.932) 0.019*

BMD –2.240 0.106 (0.013–0.896)  0.039* 0.324 1.383 (0.032–60.168) 0.866

PMI –0.283 0.753 (0.579–0.981)  0.035* 0.335 1.398 (0.925–2.114) 0.112

PaMI –0.297 0.743 (0.628–0.880) < 0.001* 0.010 1.010 (0.758–1.345) 0.947

GMI –0.116 0.890 (0.842–0.941) < 0.001* –0.101 0.904 (0.823–0.994) 0.037*

Subcutaneous fat index –0.024 0.977 (0.958–0.996)  0.019* –0.010 0.990 (0.959–1.022) 0.537

Visceral fat index –0.023 0.977 (0.952–1.003) 0.076 0.023 1.024 (0.981–1.068) 0.283

Std: standardized, BMI: body mass index, BMD: bone mineral density, PMI: psoas muscle index, PaMI: paraspinal muscle index, GMI: gluteal muscle 
index.
*p < 0.05.

Table 1. Demographic Characteristics

Variable Normal Sarcopenia Total p-value

Number 264 (91.0) 26 (9.0) 290 (100) -

Sex 0.924

   Female 134 (50.8) 14 (53.9) 148 (51.0)

   Male 130 (49.2) 12 (46.2) 142 (49.0)

Age (yr)  52.7 ± 12.4 58.5 ± 14.3  53.3 ± 12.7  0.027*

ASM index (kg/m2)  7.1 ± 1.1  5.9 ± 0.9  7.0 ± 1.2 < 0.001*

BMI (kg/m2) 23.9 ± 3.2 20.6 ± 3.2 23.6 ± 3.4 < 0.001*

BMD (g/cm2)  0.877 ± 0.170 0.786 ± 0.130  0.869 ± 0.168  0.008*

PMI (cm2/m2)  5.7 ± 1.7 4.9 ± 1.6  5.6 ± 1.7  0.033*

PaMI (cm2/m2) 14.5 ± 3.2 12.2 ± 3.3 14.3 ± 3.3 < 0.001*

GMI (cm2/m2) 48.6 ± 8.4 41.0 ± 7.9 47.9 ± 8.6 < 0.001*

Subcutaneous fat index (cm2/m2) 59.4 ± 24.0  47.6 ± 24.6  58.3 ± 24.2  0.018*

Visceral fat index (cm2/m2) 38.8 ± 18.1  32.4 ± 16.6  38.3 ± 18.2  0.084

Values are presented as number (%) or mean ± standard deviation.
ASM: appendicular skeletal muscle mass, BMI: body mass index, BMD: bone mineral density, PMI: psoas muscle index, PaMI: paraspinal muscle index, 
GMI: gluteal muscle index.
*p < 0.05.
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In contrast, the PMI exhibited less accurate predictive 
power for both sexes, with an AUC of 0.638 (0.499–0.782) 
for men and 0.645 (0.494–0.770) for women. The cutoff 
values identified for sarcopenia prediction were 50.6 cm2/
m2 for the GMI in men and 34.5 cm2/m2 in women, while 
the cutoff values for the PaMI were 13.9 cm2/m2 for men 
and 11.8 cm2/m2 for women.

DISCUSSION
This study explored the diagnostic value of CT-measured 
CSA of the gluteal muscles for identifying sarcopenia in 
community-dwelling adults. The height-adjusted CSA of 
the gluteal muscle showed robust diagnostic performance 
for sarcopenia. Specifically, age, BMI, and GMI were iden-
tified as independent risk factors for sarcopenia in the 
present cohort. These results underscore the clinical im-
portance of the gluteal muscles for the early detection and 
management of sarcopenia in the general population.

Studies addressing sarcopenia traditionally focused 
on the psoas muscle due to its ease of measurement and 
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critical role in locomotion as a hip flexor, exploring its re-
lationship with sarcopenia prevalence and impact on clini-
cal outcomes.7-10) However, our study highlights that the 
gluteal muscles, particularly the hip muscles responsible 
for maintaining posture, may play a more decisive role in 
diagnosing sarcopenia. Furthermore, the gluteal muscles 
play a crucial role in maintaining lateral balance, stability, 
and pelvic version, which are essential for compensating 
for age-related changes in sagittal balance, being crucial 
for preventing falls.14,16,20,21) In this context, focusing on the 
gluteal muscles in sarcopenia assessments can better re-
flect fall risk and enhance the mobility and independence 
of the elderly compared to traditional measures focusing 
solely on the psoas muscle.

Recent studies have supported the pivotal role of the 
gluteal muscles in sarcopenia assessment. For instance, 
Ham et al.22) demonstrated that a reduced GMI is signifi-
cantly associated with increased sarcopenia risk in pa-
tients with degenerative lumbar disease, underscoring the 
importance of gluteal muscle preservation for functional 
independence. Similarly, Suto et al.23) found that preop-
erative gluteal muscle CSA correlates with postoperative 
mobility in hip fracture patients, further highlighting its 
clinical significance in predicting outcomes. Our current 
findings in community-dwelling adults corroborate these 
observations, indicating that GMI may be a robust marker 
for identifying individuals at risk for sarcopenia regardless 
of underlying comorbidities. Moreover, this consistency 
suggests that GMI could be generalizable across differ-
ent patient populations, lending further support to its use 
as a practical, imaging-based marker of sarcopenic risk. 
Lastly, our emphasis on community-dwelling individuals 
complements the hospital-based settings of previous stud-
ies, indicating that gluteal muscle assessment may benefit 
both surgical patients and the broader older population at 
risk of mobility decline.

Our multivariate regression analysis identified 
GMI as a significant independent predictor of sarcopenia, 
with lower GMI values significantly associated with an 
increased risk. In contrast, the PMI demonstrated weaker 
predictive power. The ROC curve analysis further sup-
ported the robustness of GMI, showing higher AUC values 
(0.872 in men and 0.811 in women) compared to those of 
the PMI. Despite extensive research on the psoas muscle 
in sarcopenia, our results suggest that gluteal muscles, crit-
ical for maintaining posture and balance, may offer a more 
comprehensive assessment of sarcopenia risk than the tra-
ditionally studied psoas muscle. This insight underscores 
the potential need to shift clinical focus toward the gluteal 
muscles for a more accurate diagnosis of sarcopenia, par-

ticularly in community-dwelling adults.
In addition to the GMI, our findings revealed that 

the PaMI demonstrated a higher predictive value for sar-
copenia compared to the PMI, particularly among female 
participants. Several factors may contribute to this ob-
servation. First, the paraspinal muscles play a critical role 
in postural stability and spinal extension, implying that 
age-related atrophy in these muscles might more directly 
mirror overall declines in core muscle function.24,25) Sec-
ond, recent studies suggest that the CSA of the paraspinal 
muscles may correlate more closely with global muscle 
mass and functional capacity than the psoas muscles, po-
tentially enhancing PaMI’s sensitivity in detecting sarcope-
nic changes.10,11,26) In this context, in settings where a dedi-
cated pelvic CT slice for measuring the gluteal muscles is 
unavailable, PaMI could serve as a complementary diag-
nostic tool for evaluating trunk musculature—especially in 
older female populations who are more prone to posture-
related issues and vertebral fractures. Future longitudinal 
research could further elucidate whether incorporating 
PaMI alongside GMI offers incremental benefit in pre-
dicting functional outcomes or guiding targeted muscle-
preserving interventions.

The present study proposed sex-specific cutoff val-
ues for GMI and PaMI, providing practical thresholds for 
diagnosing sarcopenia. The identified cutoff values were 
50.6 cm2/m2 for GMI in men and 34.5 cm2/m2 in women 
(corresponding AUC values = 0.872 and 0.811, respective-
ly), indicating moderately accurate predictive power. For 
the PaMI, the cutoff values were 13.9 cm2/m2 for men and 
11.8 cm2/m2 for women, with AUC values of 0.720 and 
0.855, respectively, again reflecting moderately accurate 
predictive power, particularly in women. These thresholds 
are especially relevant for the early identification of sar-
copenia, allowing for timely intervention. However, these 
cutoff values were derived from a healthy, community-
dwelling population and may not be directly applicable 
to populations with specific pathological conditions. The 
criteria for sarcopenia diagnosis should be tailored to the 
patient population being assessed.27-29) Given the lower 
AUC values for PMI in both sexes, we did not establish 
specific cutoff values for this index, as it demonstrated less 
accurate predictive power and might be less useful as a di-
agnostic tool for sarcopenia in the present cohort.

Our multivariate regression analysis identified BMI 
as a significant independent predictor of sarcopenia (odds 
ratio = 0.653, p = 0.019). In contrast, the subcutaneous fat 
index did not retain significance after adjustment despite 
being significantly lower in the sarcopenia group (p = 
0.018). The relationship between BMI and sarcopenia is 
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complex, as BMI can sometimes mask sarcopenia in indi-
viduals with higher fat mass.30,31) These findings emphasize 
the importance of considering BMI alongside muscle indi-
ces when assessing sarcopenia risk because this approach 
provides a more nuanced understanding of the interplay 
between body composition and muscle status. Addition-
ally, the reduced subcutaneous fat in the sarcopenia group 
suggests that lower fat reserves may be linked to higher 
sarcopenia risk. This further complicates the interpreta-
tion of BMI alone, as a lower BMI with reduced subcuta-
neous fat could indicate sarcopenia rather than a simple 
lean body composition.32,33) Therefore, integrating both 
BMI and subcutaneous fat index into sarcopenia assess-
ments could offer a more comprehensive evaluation of an 
individual’s risk, helping distinguish between healthy lean 
individuals and those at risk for sarcopenia.

Despite the strengths of our study, including the use 
of precise CT imaging for muscle assessment and a well-
characterized cohort, it still has several limitations. We ex-
cluded individuals with active cancer, cirrhosis, and other 
severe conditions that could confound the results, but not 
all comorbidities could be accounted for. Additionally, the 
study’s cross-sectional design limits our ability to establish 
causality. Thus, the findings need to be validated in inde-
pendent cohorts. The majority of our participants were of 
Asian descent, limiting the generalizability of the results 
to other ethnic groups. Furthermore, muscle strength 
and performance were not assessed, while these are criti-
cal components of sarcopenia diagnosis according to the 
European Working Group on Sarcopenia in Older People 
and Asian Working Group for Sarcopenia.

Moving forward, longitudinal studies are warranted 
to determine whether targeted interventions, such as reha-
bilitation programs focusing on gluteal muscle strengthen-
ing, can improve both short‐ and long‐term outcomes in 
older adults. For instance, Byun et al.34) demonstrated how 
psoas muscle CSA influences prognosis, including survival 
time, in hip fracture patients. Building on that approach, 
applying time-series analyses to investigate the impact of 

gluteal muscle mass on clinical outcomes across various 
comorbidities could be highly valuable. Additionally, in-
tegrating GMI measurements with functional parameters, 
such as gait speed, grip strength, and balance tests, may 
help clarify how gluteal muscle integrity directly influences 
mobility, fall risk, and overall quality of life. Such investiga-
tions would not only delineate the underlying mechanisms 
but also optimize intervention strategies, ultimately reduc-
ing the burden of sarcopenia in at‐risk populations.

The present study demonstrates the validity of GMI 
as a reliable predictor of sarcopenia, offering better predic-
tive capability than the psoas muscle, with specific cutoff 
values proposed for sex-based diagnosis. Thus, incorporat-
ing GMI alongside BMI and subcutaneous fat index could 
significantly enhance the early detection and management 
of sarcopenia, particularly in community-dwelling adults.

CONFLICT OF INTEREST
Kwang-Sup Song is an editorial board member of the jour-
nal but was not involved in the peer reviewer selection, 
evaluation, or decision process of this article. No other 
potential conflicts of interest relevant to this article were 
reported.

ACKNOWLEDGEMENTS
This research was supported by a grant from the Korean 
Society of Osteoporosis (grant No. 2015-02). 

ORCID
Dae-Woong Ham	 https://orcid.org/0000-0003-4278-2701
Jeuk Lee	 https://orcid.org/0000-0001-5685-9517
Byung-Taek Kwon	 https://orcid.org/0000-0003-4276-6162
Hyung-Chul Cho	 https://orcid.org/0000-0003-3055-6643
Joo Hyun Shim	 https://orcid.org/0000-0003-1496-6984
Kwang-Sup Song	 https://orcid.org/0000-0002-9238-8908

REFERENCES

1.	 Wang C, Bai L. Sarcopenia in the elderly: basic and clinical 
issues. Geriatr Gerontol Int. 2012;12(3):388-96.

2.	 Beaudart C, Rizzoli R, Bruyere O, Reginster JY, Biver E. 
Sarcopenia: burden and challenges for public health. Arch 
Public Health. 2014;72(1):45.

3.	 Tanishima S, Hagino H, Matsumoto H, Tanimura C, Na-
gashima H. Relationship among osteoporosis, sarcope-

nia, locomotive syndrome, and spinal kyphosis in older 
individuals living in a local mountain area. Asian Spine J. 
2023;17(6):1074-81.

4.	 Kato K, Hatanaka Y. The influence of trunk muscle strength 
on walking velocity in elderly people with sarcopenia. J Phys 
Ther Sci. 2020;32(2):166-72.

5.	 Sakai Y, Wakao N, Matsui H, Tomita K, Watanabe T, Iida 



834

Ham et al. Predictive Value of Gluteal Muscle Index for Diagnosing Sarcopenia
Clinics in Orthopedic Surgery • Vol. 17, No. 5, 2025 • www.ecios.org

H. Surgical results in older patients with lumbar spinal 
stenosis according to gait speed in relation to the diagnosis 
for sarcopenia. J Orthop Surg (Hong Kong). 2020;28(2): 
2309499020918422.

6.	 Fu H, Wang L, Zhang W, Lu J, Yang M. Diagnostic test ac-
curacy of ultrasound for sarcopenia diagnosis: a systematic 
review and meta-analysis. J Cachexia Sarcopenia Muscle. 
2023;14(1):57-70.

7.	 Motsiuk VM, Pentiuk NO. Diagnostic and prognostic value 
of psoas muscle thickness and area in patients with liver 
cirrhosis and sarcopenia. Rep Vinnytsia Natl Med Univ. 
2021;25(4):551-8.

8.	 Lurie B, Nelson K, Pietryga J, et al. Radiographic thigh 
muscle measurements are a reliable predictor of psoas area 
and sarcopenia. J Bone Joint Surg Am. 2024;106(11):950-7.

9.	 Uno K, Yoshikawa N, Kitami K, et al. The sarcopenia index 
measured using the lumbar paraspinal muscle is associated 
with prognosis in endometrial cancer. Jpn J Clin Oncol. 
2023;53(10):942-9.

10.	 Gibbons D, McDonnell JM, Ahern DP, et al. The relation-
ship between radiological paraspinal lumbar measures and 
clinical measures of sarcopenia in older patients with chron-
ic lower back pain. J Frailty Sarcopenia Falls. 2022;7(2):52-9.

11.	 Baracos VE. Psoas as a sentinel muscle for sarcopenia: a 
flawed premise. J Cachexia Sarcopenia Muscle. 2017;8(4): 
527-8.

12.	 Schaap LA, van Schoor NM, Lips P, Visser M. Associations 
of sarcopenia definitions, and their components, with the 
incidence of recurrent falling and fractures: the Longitudi-
nal Aging Study Amsterdam. J Gerontol A Biol Sci Med Sci. 
2018;73(9):1199-204.

13.	 Asahi R, Yuguchi S, Kamo T, Azami M, Ogihara H, Asano 
S. Association of height loss with falls and sarcopenia in 
community-dwelling older women. Osteoporos Sarcopenia. 
2020;6(2):59-64.

14.	 Inacio M, Ryan AS, Bair WN, Prettyman M, Beamer BA, 
Rogers MW. Gluteal muscle composition differentiates fall-
ers from non-fallers in community dwelling older adults. 
BMC Geriatr. 2014;14:37.

15.	 Kiyoshige Y, Watanabe E. Fatty degeneration of gluteus 
minimus muscle as a predictor of falls. Arch Gerontol Geri-
atr. 2015;60(1):59-61.

16.	 Chi AS, Long SS, Zoga AC, Parker L, Morrison WB. Asso-
ciation of gluteus medius and minimus muscle atrophy and 
fall-related hip fracture in older individuals using computed 
tomography. J Comput Assist Tomogr. 2016;40(2):238-42.

17.	 Jones KI, Doleman B, Scott S, Lund JN, Williams JP. Simple 
psoas cross-sectional area measurement is a quick and easy 

method to assess sarcopenia and predicts major surgical 
complications. Colorectal Dis. 2015;17(1):O20-6.

18.	 Mourtzakis M, Prado CM, Lieffers JR, Reiman T, McCa-
rgar LJ, Baracos VE. A practical and precise approach to 
quantification of body composition in cancer patients using 
computed tomography images acquired during routine care. 
Appl Physiol Nutr Metab. 2008;33(5):997-1006.

19.	 Homma D, Minato I, Imai N, et al. Investigation on the 
measurement sites of the cross-sectional areas of the gluteus 
maximus and gluteus medius. Surg Radiol Anat. 2019;41(1): 
109-15.

20.	 Erinc S, Bozca MA, Bankaoglu M, Cakirturk S, Yahsi Y, 
Ozdemir HM. Association of abductor hip muscle atrophy 
with fall-related proximal femur fractures in the elderly. In-
jury. 2020;51(7):1626-33.

21.	 Pandy MG, Andriacchi TP. Muscle and joint function in hu-
man locomotion. Annu Rev Biomed Eng. 2010;12:401-33.

22.	 Ham DW, Lee J, Choi G, Kwon BT, Song KS. The cross-
sectional area of gluteal muscle on multiaxial CT scan as a 
predictor for diagnosing sarcopenia in patients with degen-
erative lumbar disease. Eur Spine J. 2024;33(10):3857-64.

23.	 Suto A, Fujii K, Nakatani T, et al. Correlation between 
preoperative CT scan of the paraspinal, psoas, and gluteus 
muscles and postoperative ambulatory status in patients 
with femoral neck fractures. BMC Musculoskelet Disord. 
2024;25(1):132.

24.	 Park JS, Park YS, Kim J, Hur J, Choe DH. Sarcopenia and 
fatty degeneration of paraspinal muscle associated with in-
creased sagittal vertical axis in the elderly: a cross-sectional 
study in 71 female patients. Eur Spine J. 2020;29(6):1353-61.

25.	 Schonnagel L, Chiaparelli E, Camino-Willhuber G, et al. 
Spine-specific sarcopenia: distinguishing paraspinal muscle 
atrophy from generalized sarcopenia. Spine J. 2024;24(7): 
1211-21.

26.	 Li C, Wang L, Wang Z, et al. Radiological changes of para-
spinal muscles: a comparative study of patients with isthmic 
spondylolisthesis, patients with degenerative lumbar spon-
dylolisthesis, and healthy subjects. J Pain Res. 2022;15:3563-
73.

27.	 Harimoto N, Shirabe K, Yamashita YI, et al. Sarcopenia as a 
predictor of prognosis in patients following hepatectomy for 
hepatocellular carcinoma. Br J Surg. 2013;100(11):1523-30.

28.	 Joglekar S, Nau PN, Mezhir JJ. The impact of sarcopenia on 
survival and complications in surgical oncology: a review of 
the current literature. J Surg Oncol. 2015;112(5):503-9.

29.	 Traub J, Bergheim I, Eibisberger M, Stadlbauer V. Sarcope-
nia and liver cirrhosis: comparison of the European Work-
ing Group on Sarcopenia Criteria 2010 and 2019. Nutrients. 



835

Ham et al. Predictive Value of Gluteal Muscle Index for Diagnosing Sarcopenia
Clinics in Orthopedic Surgery • Vol. 17, No. 5, 2025 • www.ecios.org

2020;12(2):547.

30.	 Izzo A, Massimino E, Riccardi G, Della Pepa G. A narrative 
review on sarcopenia in type 2 diabetes mellitus: prevalence 
and associated factors. Nutrients. 2021;13(1):183.

31.	 Xiao J, Caan BJ, Cespedes Feliciano EM, et al. The associa-
tion of medical and demographic characteristics with sarco-
penia and low muscle radiodensity in patients with nonmet-
astatic colorectal cancer. Am J Clin Nutr. 2019;109(3):615-
25.

32.	 Chen W, Yuan Q, Li X, et al. The role of sarcopenic obesity 

for the prediction of prognosis of patients with gastrointesti-
nal cancer. Cancer Med. 2024;13(13):e7452.

33.	 Tao J, Fang J, Chen L, et al. Increased adipose tissue is asso-
ciated with improved overall survival, independent of skel-
etal muscle mass in non-small cell lung cancer. J Cachexia 
Sarcopenia Muscle. 2023;14(6):2591-601.

34.	 Byun SE, Kim JW, Koo J, Lee S. Psoas muscle area is associ-
ated with prognosis in elderly patients with hip fracture. J 
Bone Miner Metab. 2024;42(1):115-21.


