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ABSTRACT: Sarcopenia is characterized by a degeneration of muscle mass and strength, which impairs 

mobility and causes fragility in older adults. Modern assessment technologies include magnetic resonance 

imaging (MRI), computed tomography (CT), bioelectrical impedance analysis (BIA), dual-energy X-ray 

absorptiometry (DXA), and ultrasound (US). Despite the tremendous efforts made in the past to investigate the 

correlations among measurement parameters of these technologies, inconsistencies in the reported correlations 

persist, and there is no existing review article considering all these technologies for sarcopenia assessment, 

resulting in a lack of a common understanding about the correlations of these techniques. Herein, we conduct a 

comprehensive review to scrutinize the reported correlations between each pair of these five technologies from 

51 publications in the literature. We classified these five technologies into two categories: image-based methods 

(IBMs), including CT, MRI, and US, and non-image-based methods (NIBMs), including DXA and BIA, resulting 

in ten pairs of correlations analyzed. The averaged correlations for NIBM-NIBM (BIA–DXA: 0.909) and IBM–

IBM (MRI–CT: 0.978; MRI–US: 0.861; CT–US: 0.875; overall: 0.905) were high, while those for NIBM–IBM 

exhibited lower correlations with wider variations (DXA–CT: 0.834; BIA–CT: 0.824; BIA–MRI: 0.715; DXA–

MRI: 0.834; DXA–US: 0.497; and BIA–US: 0.463; overall: 0.695). Generally, the correlations within the same 

category were greater than those between different categories. The dissimilar measurement locations and 

components could apparently cause lower correlations (e.g., BIA–US and DXA–US); the lower averaged 

correlations do not necessarily represent their low clinical value for sarcopenia assessments. By contrast, 

integrating NIBM and IBM may leverage the strengths of each technology, complementing their metrics, and 

bring a more holistic connection to sarcopenia. We hope to facilitate an enhanced understanding of the reported 

correlations from the literature, offering the community insightful recommendations for selecting technologies 

toward further research. 
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1. Introduction  

 

Sarcopenia originates from the Greek roots "sarx" and 

"penia," meaning "flesh" and "loss," respectively [1]. It is 

characterized by the aging-associated progressive 

degradation of muscle mass, strength, and function [2]. In 

Asia, a 5.5%-25.7% prevalence of sarcopenia was 

reported in an epidemiological study conducted by the 

Asian Working Group for Sarcopenia (AWGS) using 

2014 criteria [3]. In Hong Kong, approximately 9.4% of 

older male adults are facing sarcopenia [4]. These figures 

are anticipated to upsurge in the coming years in view of 

the rapidly expanding aging population worldwide. In 

fact, sarcopenia has posed grievous impacts on a broad 
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array of adverse health outcomes, quality of life, and well-

being of older adults [5] and has been associated with a 

variety of long-term conditions in mid-life [5, 6]. 

Consequently, in 2016, it was even recognized as having 

an independent health status with an International 

Classification of Diseases (ICD) code (ICD-10-CM 

(M62.84)) [7].  

Modern diagnostic techniques for muscle quantity 

assessments include dual-energy X-ray absorptiometry 

(DXA), bioelectrical impedance analysis (BIA), 

computed tomography (CT), magnetic resonance imaging 

(MRI), and ultrasound imaging (US) [6]. DXA has been 

considered the most effective approach given its 

capability in estimating lean mass. BIA leverages the 

body’s electrical conductivity to indirectly estimate 

muscle mass, without involving ionizing radiation [8]. CT 

and MRI provide high-resolution images for precise 

assessments of muscle mass and other body tissues, but 

are mostly used in research and seldom in routine 

sarcopenia assessment workups. Of note, since 2018, US 

has been proposed as a clinical bedside toolkit for the 

assessments of both muscle quantity (such as muscle 

mass) and quality (such as muscle contraction) based on 

US echogenicity [9, 10]; and in 2020, the SARCUS 

(SARCopenia through UltraSound) Working Group 

further proposed an updated protocol for US-based 

sarcopenia assessments [11]. 

Over the past years, scientists have made tremendous 

efforts to investigate the correlations of the measurement 

parameters among the abovementioned modern 

diagnostic techniques, for the sake of revealing the 

validity of these approaches and favourable alternative 

strategies for muscle assessments to address the 

foreseeable demands under the rapidly growing aging 

population. Nevertheless, sarcopenia could be evaluated 

by reference to different muscle and fat-related 

parameters, both in the whole body and in specific areas. 

This leads to a huge heterogeneity in how studies measure 

and report their effects, including where the 

measurements were taken and whether they focused on 

muscle or fat. Such discrepancies between studies have 

erected a prime barrier to the community for harvesting a 

real understanding of the correlations among these 

diagnostic techniques, which may, in turn, have impeded 

the advancement or revolution of emerging desirable 

strategies for sarcopenia assessments in the future. 

Therefore, it is imperative to conduct a 

comprehensive review of the correlations among all these 

five modern diagnostic technologies, yet a review is 

currently absent from the literature. In this review, we 

scrutinized the reported correlations by classifying the 

five techniques into two main categories: image-based 

methods (IBMs) and non-image-based methods (NIBMs), 

and by sorting all the measurement parameters in 

accordance with their measurement locations and 

components. Our overarching goals are to shed more light 

on the overall pattern of correlations among the five 

diagnostic techniques, offer the community insights for 

the choice of technologies toward future research, and 

ameliorate the sarcopenia assessments in the long run. 

The overall structure of this article is summarized as 

follows: Section 2 provides a brief introduction to the 

current diagnostic criteria and methods for sarcopenia 

measurements. Section 3 scrutinizes the correlations 

among the five diagnostic techniques under the categories 

of IBM–IBM, NIBM–NIBM, and NIBM–IBM 

correlations. Section 4 offers an in-depth discussion of 

insights and recommendations for future research.   

 

2. Current Diagnostic Criteria and Methods for 

Sarcopenia  

 

Globally, three major working groups, the AWGS [3], the 

European Working Group on Sarcopenia in Older People 

(EWGSOP2) [12], and the International Working Group 

on Sarcopenia (IWGS) [13],  provide an evidence-based 

consensus and recommendations for the definition, 

diagnostic approaches, and criteria for sarcopenia; the 

corresponding criteria are summarized in Supplementary 

Tables 1-3. According to these international bodies, MRI, 

CT, US, BIA, and DXA are the five key modern 

technologies for sarcopenia assessments, while it is worth 

noting that BIA and DXA are the most typically 

recommended approaches. The pros and cons of each of 

these approaches are displayed in Supplementary Table 4.  

In this review, we classified these five modern 

approaches into two categories: (i) image-based methods 

(IBMs) for MRI, CT, and US, (ii) non-image-based 

methods (NIBMs) for BIA and DXA. Notably, DXA is 

classified as an NIBM in this article because of the fact 

that DXA-derived body composition indexes are 

eventually computed using the absorption parameters 

instead of using morphological image parameters, despite 

involving the use of X-ray imaging techniques [9, 14].  

 

3. Comparisons of the Correlations among Modern 

Technologies 

 

A total of 51 related studies from the current body of 

literature were reviewed and analyzed regarding the 

detailed characteristics of the 51 included studies. We 

conducted the literature search in the PubMed and Google 

Scholar databases for studies published between 2007 and 

2023. The search strategy included the following 

keywords in the title or abstract: "Sarcopenia" and/or 

"Muscle", combined with at least two of the five 

technologies: BIA (Bioelectrical Impedance Analysis), 

DXA (Dual-Energy X-ray Absorptiometry), MRI 
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(Magnetic Resonance Imaging), CT (Computed 

Tomography), or US (Ultrasound) imaging. Both the 

abbreviations and full names of the technologies were 

used as search terms. For example, “BIA”, “DXA”, and 

“sarcopenia” were searched in the search query box. Our 

inclusion criteria were as follows: (1) studies involving 

patients aged 18 years or older; (2) studies reporting 

correlation coefficients (r) using the Pearson's, 

Spearman's, Kendall's, or ICC (Intraclass Correlation 

Coefficient) methods; (3) studies conducting clinical 

observational studies; and (4) studies published in 

English. The screening process involved initial screening 

with titles and abstracts of potentially relevant studies and 

full-text reviews to ensure that they met the inclusion 

criteria. From the initial search of the databases, we 

obtained 101 articles with no publication time limits. 

After removing duplicated articles, we screened 91 

articles with titles and abstracts. We removed articles with 

animal models and irrelevant technologies such as 

handgrips and obtained 77 articles for full-text article 

assessment. We removed articles with clinical animal 

experiments conducted. In the end, we included 51 

articles for the final analysis. The sample size, distribution 

of ages, types of modern technologies studied, subjects’ 

baseline health conditions, and types of correlation 

analysis for the studied pairs are provided in 

Supplementary Table 5. As per the categorization of IBMs 

and NIBMs defined in Section 2, there were a total of ten 

pairs of correlations for comparison: one pair for NIBM–

NIBM comparison (BIA vs DXA); three pairs for IBM–

IBM (MRI–CT, CT–US and MRI–US); and six pairs for 

NIBM–IBM (BIA–MRI, BIA–CT, BIA–US, DXA–MRI, 

DXA–CT, and DXA–US). The abbreviations of the 

related terminologies are listed in Supplementary Table 6. 

Given the fact that the measurement parameters 

derived from these five modern technologies were highly 

heterogeneous between the studies, particularly in terms 

of the body sites and components involved in the 

measurements, for the purpose of facilitating the readers 

of this review article to understand and interpret it, we 

classified all the measurement parameters based on two 

key aspects: measurement locations and measurement 

components. For the measurement locations, we denoted 

the parameters that were measured from a holistic body 

scale as “Global” (G), and those measured at specific 

body parts, for instance, a specific muscle or a specific 

slice of lumbar area, or a particular region of the abdomen 

or a leg, etc. were denoted as “Partial” (P). For the 

measurement components, we denoted the parameters 

that were measured in muscle tissue as “muscle-related” 

(M), and those measured in fatty tissue were denoted as 

“fat-related” (F). Though muscle-related parameters are 

important for sarcopenia assessment, fat-related 

parameters are also important since they are essential to 

assess sarcopenic obesity [3, 12, 15, 16]. AWGS and 

EWGSOP mentioned that obesity is crucial for elderly 

people who already face the condition of sarcopenia; thus, 

obesity is crucial to be taken into consideration when 

measuring sarcopenia. In light of this statement, we 

included fat-related parameters for consideration since 

incorporating only muscle-related parameters is 

insufficient for overall muscle assessment. For cases 

where the parameters were neither measured from pure fat 

nor muscle tissues, such as body mass index (BMI), lean 

mass (LM), fat-free mass (FFM), soft tissue, etc., we 

defined the parameters based on their measurement 

locations, either as “Global index” or “Partial index”. 

With the above definitions, we denoted arm lean mass, for 

instance, PG where the first letter P refers to the partial 

body location of the arm, and the second letter G stands 

for the global measurement component of lean mass. 

Similarly, we denoted fat mass as GF, rectus femoris 

muscle thickness as PM (partial-muscular), BMI as G, and 

similarly for all the other measurement parameters. A 

summary is given in Supplementary Table 7. According 

to the pros and cons of each approach, a recommendation 

table showing the usage of each approach under different 

scenarios is shown in Supplementary Table 8, where the 

approaches are recommended based on patient 

characteristics, available resources, and the specific 

assessment goals of testing.  

In terms of the types of correlations among the 

included studies, we report Pearson’s correlation 

coefficient (PCC), the Spearman correlation coefficient 

(SCC), and the intra-correlation coefficient (ICC), based 

on the fact that these correlation coefficients are the most 

widely analyzed metrics for demonstrating the 

relationship and agreements between two diagnostic 

approaches. Notably, we selected the literature with 

significant correlation comparisons with a p-value < 0.05. 

Notably, most of the reported correlations were 

derived from small cohorts of less than 200 subjects 

(Figure 1A). There exist varying degrees of variations in 

the reported correlation values between the studies for 

each pair of diagnostic methods (Fig. 1B), with their 

average values (SD) being 0.909 (SD=0.103) for BIA–

DXA, 0.875 (SD=0.039) for CT–US, 0.978 (SD=0.022) 

for MRI–CT, 0.861 (SD=0.053) for MRI–US, 0.824 

(SD=0.147) for BIA–CT, 0.715 (SD=0.147) for BIA–

MRI, 0.463 (SD=0.143) for BIA–US, 0.834 (SD=0.105) 

for DXA–CT, 0.834 (SD=0.204) for DXA–MRI, and 

0.497 (SD=0.166) for DXA–US (Fig. 1B), where MRI–

CT achieved the highest average correlation and the BIA–

US and DXA–US pairs presented the lowest corrections.  
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Figure 1. A bubble plot providing an overview of the reported correlations among the ten pairs studied, with the x-axis 

indicating the sample size (A) and the ten pairs of diagnostic methods (B). In both graphs, each bubble represents a correlation 

assessment. As the studies are reporting more than one correlation value, the total number of bubbles is greater than the number of 

included studies. (C) A bar graph providing a close look at the correlation scores for specific measurement pairs, under IBM–IBM 

(Top: orange), NIBM–IBM (Middle: blue), and NIBM–NIBM (Bottom: green). The red lines show the average correlations in 

IBM–IBM, NIBM–IBM, and NIBM–NIBM. Abbreviations of the measurement pairs are provided at the top. G-G: Global-Global; 

P-P: Partial-Partial; G-P: Global-Partial; G-PM: Global-Partial Muscle; P-PM: Partial–Partial Muscle; G-GM: Global–Global 

Muscle; GM-GM: Global Muscle-Global Muscle; GF-GF: Global Fat-Global Fat; PM-PM: Partial Muscle-Partial Muscle; PF-PM: 

Partial Fat- Partial Muscle; GM-PM: Global Muscle- Partial Muscle; GF-PM: Global Fat- Partial Muscle; GF-PF: Global Fat- 

Partial Fat. 
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The Figure 1C provides a close look at the correlation 

scores for specific measurement pairs, under IBM–IBM, 

NIBM–IBM, and NIBM–NIBM, separately. Overall, it 

shows that IBM–IBM and NIBM–NIBM exhibit stronger 

correlations than NIBM–IBM. Of note, although IBM and 

NIBM are generally less correlated with each other, the 

NIBM–IBM embodies the greatest variability in the 

measurement pairs, in terms of measurement locations 

and components (Fig. 1C). As such, the correlations were 

analyzed between different body scales and body 

components, such as GF-PM in BIA–US where the 

correlations were analyzed between global fat parameters 

and partial muscle parameters, which may be attributed to 

the generally lower correlations than for the IBM–IBM 

and NIBM–NIBM. More elaborations are given in 

Sections 3.1-3.3, where the corresponding pairs of 

diagnostic methods are discussed. A detailed description 

of the sample size and gender distribution is included in a 

pie chart in Supplementary Figure 1.  

 

3.1 NIBM vs NIBM (BIA–DXA) 

 

Both DXA and BIA belong to the NIBM category. 

Among the 51 studies, there are six reported correlations 

of the derived parameters [14, 15, 17-20]. Both techniques 

have been deployed to examine global or partial 

composition indexes, such as body mass, Fat Mass (FM), 

Appendicular Lean Mass (ALM), Free Fat Mass (FFM), 

and Percentage Body Fat (BFP). Table 1 displays the 

reported correlations between BIA parameters and DXA 

parameters. The correlations of sarcopenia indexes within 

the NIBM category (i.e., BIA–DXA) are generally high to 

excellent (Avg: 0.909, Range: 0.500-0.989, SD: 0.103) 

(Fig. 1B, Table 1).  

 

Table 1. The reported correlations of indexes derived between BIA and DXA.  

 
Author Year BIA Parameter DXA Parameter Correlation (r) Sample Size and 

Gender Distribution 

Yi et al. [15] 2022 FFM (Inbody 970) 

(G: Global) 

FFM 

(G: Global) 

0.989 109 subjects (55 

males, 54 females)  

BFP (Inbody 970) 

(GF: Global, Fat) 

BFP 

(GF: Global, Fat) 

0.964 

ALM (Inbody 970) 

(G: Global) 

ALM 

(G: Global) 

0.971 

FFM (Body Water Analysis, Clamp) 

(G: Global) 

FFM 

(G: Global) 

0.984 

BFP (Body Water Analysis, Clamp) 

(GF: Global, Fat) 

BFP 

(GF: Global, Fat) 

0.947 

ALM (Body Water Analysis, Clamp) 

(G: Global) 

ALM 

(G: Global) 

0.971 

FFM (Body Water Analysis, Adhesive) 

(G: Global) 

FFM 

(G: Global) 

0.985 

BFP (Body Water Analysis, Adhesive) 

(GF: Global, Fat) 

BFP 

(GF: Global, Fat) 

0.953 

ALM (Body Water Analysis, Adhesive) 

(G: Global) 

ALM 

(G: Global) 

0.969 

Cruz Rivera et 

al. [17]  

2022 FM 

(GF: Global, Fat) 

FM 

(GF: Global, Fat) 

0.940 50 subjects (48 

males, 2 females) 

FFM 

(G: Global) 

FFM 

(G: Global) 

0.910 

TPF 

(GF: Global, Fat) 

TPF 

(GF: Global, Fat) 

0.800 

FFM 

(G: Global) 

FFM 

(G: Global) 

Obese: 0.920 

FFM 

(G: Global) 

FFM 

(G: Global) 

Non-obese: 0.860 

TPF 

(GF: Global, Fat) 

TPF 

(GF: Global, Fat) 

Obese: 0.850 

TPF 

(GF: Global, Fat) 

TPF 

(GF: Global, Fat) 

Non-obese: 0.500 

FM 

(GF: Global, Fat) 

FM 

(GF: Global, Fat) 

Obese: 0.960 

FM 

(GF: Global, Fat) 

FM 

(GF: Global, Fat) 

Non-obese: 0.840 

Achamrah,et 

al. [14] 

2018 FM 

(GF: Global, Fat) 

FM 

(GF: Global, Fat) 

0.955 3,660 subjects (653 

males and 3,002 

females) FFM FFM 0.897 
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(G: Global) (G: Global) 

Buch et al [18] 2022 Arms Lean Body Mass 

(P: Partial) 

Arms Lean Body 

Mass 

(P: Partial) 

0.933 84 subjects (35 

males, 49 females)  

Legs Lean Body Mass 

(P: Partial) 

Legs Lean Body 

Mass 

(P: Partial) 

0.957 

Trunk Lean Body Mass 

(P: Partial) 

Trunk Lean Body 

Mass 

(P: Partial) 

0.950 

ASMI 

(GM: Global, Muscle) 

ASMI 

(GM: Global, 

Muscle) 

0.965 

PF 

(GF: Global, Fat) 

PF 

(GF: Global, Fat) 

0.954 

Arms Fat Mass 

(PF: Partial, Fat) 

Arms Fat Mass 

(PF: Partial, Fat) 

0.615 

Legs Fat Mass 

(PF: Partial, Fat) 

Legs Fat Mass 

(PF: Partial, Fat) 

0.907 

Trunk Fat Mass 

(PF: Partial, Fat) 

Trunk Fat Mass 

(PF: Partial, Fat) 

0.955 

Vermeiren et 

al. [19] 

2019 ALM 

(G: Global) 

ALM 

(G: Global) 

0.942 174 subjects (91 

males, 83 females)   

Bosaeus et al. 

[20] 

2013 SMM 

(Tengvall et al.*) 

(GM: Global, Muscle) 

SMM 

(GM: Global, 

Muscle) 

0.915 117 subjects (72 

males, 45 females) 

SMM 

(Kyle et al.*) 

(GM: Global, Muscle) 

SMM 

(GM: Global, 

Muscle) 

0.939 

SMM 

(Janssen et al.*) 

(GM: Global, Muscle) 

SMM 

(GM: Global, 

Muscle) 

0.906 

 

Abbreviations: FFM: Fat-Free Mass; BFP: Body Fat Percentage; ALM: Appendicular Lean Mass; FM: Fat Mass; TPF: Total Percentage Fat; 

ASMI: Appendicular Skeletal Mass Index; PF: Percentage Fat; SMM: Skeletal Muscle Mass; ALM: Appendicular Lean Mass 

*Tengvall, Kyle, and Janssen are three authors who generated the equation for calculating skeletal muscle mass. 

The majority of the parameters involved in this 

category were derived from global body compositions and 

related to fatty components (Table 1). Only three studies 

analyzed partial body compositions, yielding a correlation 

of 0.957 for legs lean body mass, 0.950 for trunk lean 

body mass, and 0.933 for arms lean body mass [18]. 

Under different BIA devices (with varying 

frequencies), the reported correlations between BIA and 

DXA appear to be stable for global body fatty 

compositions (BFP: 0.947-0.964) and global body 

muscular composition (ALM: 0.969-0.971) [15] (Table 

1). High-frequency BIA (HF-BIA) generates higher 

correlations with DXA [15]. Second, with older adults 

suffering from chronic obstructive pulmonary disease 

(COPD) or type 2 diabetes, the BIA–DXA correlations are 

generally greater than 0.900 for GF, GM, and PF 

compositions [18]. Third, obese subjects generated 

stronger correlations compared to non-obese subjects[17]. 

For example, the BIA–DXA correlation of total 

percentage fat (TPF) in non-obese subjects was 0.500 but 

reached 0.850 for obese patients [17].  

Overall, the BIA–DXA comparison tends to have a 

high correlation over 0.900. According to Figure 1C, the 

average correlation of PF-PF is 0.826 [18], 0.878 for GF-

GF [14, 15, 17, 18], 0.931 for GM-GM [18, 20], 0.945 for 

G-G [14, 15, 17, 19], and 0.947 for P-P [18]. The high 

correlations could be partly attributed to the fact that the 

pairs of measurement parameters at least share similar 

measurement locations.    

 

3.2 IBM vs IBM 

 

MRI, CT, and US belong to the IBM category. Table 2A-

2C displays the reported correlations for MRI–CT, MRI–

US, and CT–US pairs of diagnostic methods from the 

literature. The correlations of the IBM category are 

generally high to excellent, with an average correlation of 

0.978 (range: 0.930-0.997, SD: 0.022) for MRI–CT, 0.861 

(range: 0.760-0.942. SD: 0.053) for MRI–US, and 0.875 

(range: 0.826-0.920, SD: 0.039) for CT–US pairs (Fig. 

1B). As illustrated in Table 2A-2C, IBMs provide 

measurement results from specific muscles or fat tissues, 

where segments are often drawn around the borders of the 

interested muscles or fat tissues. Thus, muscle thickness 

(MT) and cross-sectional area (CSA) are the most popular 

indicators for IBM–IBM correlation assessments. 

 



 Zhang D., et al.                                                                                             Parameters’ Correlations for Sarcopenia

   

Aging and Disease • Volume 17, Number 3, June 2026                                                                         1429 

 

Table 2. The reported correlations of indexes derived between MRI and CT. 

 
Author Year MRI Parameter  CT Parameter Correlation 

(r) 

Sample Size and 

Gender Distribution 

Khan et al. [21] 2019 Abdominal SMA 

(PM: Partial, Muscle) 

Abdominal SMA 

(PM: Partial, Muscle) 

0.997  19 subjects (15 males, 

4 females) 

Zwart et al. [22] 2020 Total CSA of head-and-neck 

muscles at the C3 level 

(PM: Partial, Muscle) 

Total CSA of head-and-

neck muscles at the C3 level 

(PM: Partial, Muscle) 

0.987 125 subjects (90 

males, 35 females) 

SMI 

(GM: Global, Muscle) 

SMI 

(GM: Global, Muscle) 

0.997 

Faron et al. [23] 2020 Paraspinal SMA 

(PM: Partial, Muscle) 

Paraspinal SMA 

(PM: Partial, Muscle) 

0.930 50 subjects (31 males, 

19 females)  

Lee et al. [24] 2021 MT of Temporalis 

(PM: Partial, Muscle) 

MT of Temporalis 

(PM: Partial, Muscle) 

0.894 106 subjects (84 males 

and 22 females) 

Dupont et al. [25] 2001 

  

MT of supraspinatus 

(PM: Partial, Muscle) 

MT of supraspinatus 

(PM: Partial, Muscle) 

0.960 6 subjects (3 males, 3 

females) 

MT of deltoid muscle 

(PM: Partial, Muscle) 

MT of deltoid 

(PM: Partial, Muscle) 

0.970 

Wang et al. [26] 2021 Abdominal SMA 

(PM: Partial, Muscle) 

Abdominal SMA 

(PM: Partial, Muscle) 

0.995 32 subjects (15 males, 

17 females)  
 

Abbreviations: SMA: Skeletal Muscle Area; CSA: Cross-Sectional Area; SMI Skeletal Muscle Mass Index; MT : Muscle Thickness 

MRI–CT: Among the 51 studies, six reported 

correlations of the derived parameters between these two 

diagnostic methods [21-26]. Both MRI and CT are 

considered the gold standard for assessing sarcopenia [8, 

27]; they achieved the highest reported correlation among 

the ten studied pairs of diagnostic methods (Fig. 1B), 

yielding an average correlation of 0.978 (SD=0.022). MRI 

and CT focus on the measurement of muscular 

components. Among these parameters, it appears that the 

reported MRI–CT correlation was the highest for 

abdominal SMA, SMI, and the total CSA of muscle at the 

C3 level of the head-and-neck region (range: 0.987-0.997) 

[21, 22, 26], followed by supraspinatus/deltoid MT 

(range: 0.960-0.970) [25], paraspinal SMA (0.930) [23], 

and temporalis muscle thickness (TMT)(0.894) [24] 

(Table 2). Although the sample size of these studies varied 

from six to 125 subjects, the reported correlations appear 

to be stably high regarding whether the subjects were 

beyond healthy or diseased populations (Table 2, 

Supplementary Table 7). According to Figure 1C, the 

average correlation of PM-PM is 0.956 [21-26], and 0.997 

for GM-GM [22]. Generally, MRI and CT imaging are 

more commonly adopted to assess partial muscular 

components (PM); thus, PM took the major role in these 

diagnostic approaches, and PM-PM accounts for almost 

all the correlation pairs; there was only one GM-GM pair 

reported in the literature [22]. The superior correlation 

between MRI and CT could be attributed to the fact that 

they both measure muscular indexes at global or partial 

body scale; particularly, most studies have shown that 

when correlating the two parameters between MRI–CT, 

one parameter is usually a PM parameter.    

MRI–US: Four of the 51 studies reported correlations 

of the derived parameters between these two diagnostic 

methods [28-31]. The average MRI–US correlation was 

reported as 0.861(SD=0.053) (Fig. 1B, Table 2B). The 

majority of the involved parameters in the MRI–US 

correlation studies were partial body muscular 

compositions: For MRI assessments, these included CSA 

(forearm, vastus lateralis (VL), rectus femoris (RF)) [28, 

30, 31], muscle volume (VOL) of VL [30], and MT of RF 

and quadriceps [31]; while for US imaging, parameters 

are mainly MT (ulna, radius, VL, RF, and quadriceps) [28, 

30, 31]. On the other hand, one research group analyzed 

the partial body fat composition in terms of mean 

fractional fat of a total leg for MRI and mean z-score of a 

total leg or RF for US. The Z-score could be calculated 

and converted to show the raw muscle echo intensities; 

thus, we considered the Z-score a muscle-related index 

[29] (Table 3). According to Figure 1C, the average 

correlation of PF-PM is 0.844 [29] and 0.868 for PM-PM 

[28, 30, 31]. The relatively high correlation of parameters 

between MRI and US may be partly attributed to the fact 

that the two correlating parameters were both measured at 

a partial body scale.  

CT–US: Only three studies reported CT–US 

correlations [32-34]. The average CT–US correlation was 

reported as 0.875 (SD=0.039) (Fig. 1B, Table 4). Both CT 

and US tend to measure the partial index of muscle. CSA 

and the diameter of RF muscles are the only parameters 

used in the literature to derive the CT–US correlations. 

The highest correlation of 0.920 was reported from RF 

diameters in 45 older adults with cardiovascular diseases 

who participated in the sporting activities of a 

maintenance programme [33], followed by 0.880 and 

0.826 from CSA of RF in a cohort with mixed healthy and 

COPD patients (n=18) [32], and a cohort of patients with 

chronic kidney disease (n=100) [34], respectively (Table 
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4). According to Figure 1C, the average correlation of 

PM-PM is 0.875 [32-34].  

 

Table 3. The reported correlations of indexes derived between MRI and US. 

 
Author Year Parameter MRI Parameter US Correlation 

(r) 

Sample Size and 

Gender Distribution 

Abe et al. [28] 2017 CSA of forearm 

(PM: Partial, Muscle) 

MT of ulna 

(PM: Partial, Muscle) 

0·937–0·946 10 subjects (8 males, 

2 females) 

CSA of forearm 

(PM: Partial, Muscle) 

MT of radius 

(PM: Partial, Muscle) 

0·884–0·891 

Mul et al.[29] 2018 Mean fat fraction% of total legs 

(PF: Partial, Fat) 

Mean z-score of total legs 

(PM: Partial, Muscle) 

0.865 27 subjects (17 

males, 10 females) 

Mean fat fraction% of RF 

(PF: Partial, Fat) 

Mean z-score of RF 

(PM: Partial, Muscle) 

right: 0.873 

left: 0.794 

Franchi et al. 

[30] 

2018 CSA of vastus lateralis (VL) 

(PM: Partial, Muscle) 

MT of VL 

(PM: Partial, Muscle) 

0.820 9 males 

Muscle Volume (VOL) of VL 

(PM: Partial, Muscle) 

MT of VL 

(PM: Partial, Muscle) 

0.760 

Giles et al. [31] 2014 MT of RF 

(PM: Partial, Muscle) 

MT of RF 

(PM: Partial, Muscle) 

0.858 5 subjects (2 males, 3 

females)  

CSA of RF 

(PM: Partial, Muscle) 

MT of RF 

(PM: Partial, Muscle) 

0.897 

MT of quadriceps 

(PM: Partial, Muscle) 

MT of quadriceps 

(PM: Partial, Muscle) 

0.915 

 

eviations: CSA: Cross-Sectional Area; MT: Muscle Thickness; VL: Vastus Lateralis; RF: Rectus Femoris; VOL: Muscle Volume 

Overall, the correlations within IBMs tend to be 

higher for two possible reasons: Firstly, the IBM 

parameters are measured with similar body scales and/or 

components. Such homogeneous properties render 

relatively higher correlations. Secondly, MRI and CT are 

gold standards for sarcopenia assessment [8, 27] owing to 

their high-resolution feature for characterizing the 

properties of regional body compositions, which 

outperform DXA and BIA; and IBMs could reveal the 

characteristics of specific muscles for sarcopenia 

assessment in terms of volume, diameter, thickness, and 

CSA.  

Notably, US excels in MRI and CT owing to its nature 

of being portable, radiation-free, and highly affordable. 

US also incorporates the advantages of MRI and CT of 

observing the severe degeneration, atrophy, training, or 

rehabilitation of a particular muscle and fat. Nonetheless, 

further studies are warranted to determine the cut-off 

points of MRI, CT, and US to inform sarcopenia 

conditions. 

 

Table 4. The reported correlations of indexes derived between CT and US. 

 
Author Year Parameter CT Parameter US Correlation 

(r) 

Sample Size and Gender 

Distribution 

Seymour et al. [32] 2009 CSA of RF 

(PM: Partial, Muscle) 

CSA of RF 

(PM: Partial, Muscle) 

0.880 56 subjects (27 males, 29 

females)  

Thomaes et al. [33] 2012 Diameter of RF 

(PM: Partial, Muscle) 

Diameter of RF 

(PM: Partial, Muscle) 

0.920 45 subjects (44 males, 1 

female) 

Viviane et al. [34] 2018 CSA of RF 

(PM: Partial, Muscle) 

CSA of RF 

(PM: Partial, Muscle) 

0.826 100 subjects (41 males, 59 

females) 
 

Abbreviations: CSA: Cross-Sectional Area; RF: Rectus Femoris 

3.3. NIBM vs IBM 

 

This review paper includes six NIBM–IBM pairs, 

including BIA–MRI, BIA–CT, BIA–US, DXA–MRI, 

DXA–CT, and DXA–US. The NIBM–IBM pairs are the 

most prevalent investigations, accounting for 31 articles 

out of the 51 included publications (Supplementary Table 

5).  

The Table 5-10 displays the reported correlations for 

various NIBM–IBM pairs from the literature. A summary 

of the correlations in the NIBM–IBM pairs is relatively 

complicated and challenging because NIBMs often 

measure whole-body composition, while IBMs generally 
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assess partial muscle/fat-related indexes for sarcopenia 

assessments. Although MRI and CT can measure global 

body compositions, such applications are restricted by the 

high expenditure or potential radiation hazards. Hence, 

assessing the correlations between NIBMs and IBMs 

could be complex. Consequently, the reported 

correlations vary greatly (Fig. 1B, Table 5-10). For 

instance, the BIA–US pair yielded an average correlation 

of 0.463, while the DXA–MRI can achieve an average 

correlation of 0.834 (Fig. 1B). The complexity of various 

diagnostic techniques and measurement parameters in 

NIBM–IBM pairs may lead to lower correlation values 

than IBM–IBM and NIBM–NIBM (Fig. 1B). However, 

the lower correlations reported in NIBM–IBM pairs do 

not necessarily indicate the lack of efficiency in 

measuring sarcopenia.  

BIA–US: Among the 51 included studies, seven 

investigated the correlations of sarcopenia-related indexes 

measured between BIA and the US imaging technique 

[35-41]. Table 5 shows that almost all of the measurement 

indexes from the US are “partial” body muscular 

compositions, while those from BIA are “global” body 

muscular/fatty compositions. For US, RF muscles are the 

ones primarily studied in the literature [35-41] for 

sarcopenia assessment because they are located down the 

thigh and serve the function of most daily human activities 

such as standing, running, sitting, and jumping [42]. 

Figure 2 illuminates the middle oval part of the RF muscle 

on a US image, where RF is oval and usually has a clear 

border; the upper part above the RF muscle is 

subcutaneous fat, while the vastus intermedius (VI) 

muscle, vastus lateralis (VL) muscle, and vastus medialis 

(VM) muscle, are located at the bottom, left, and right side 

of the RF, respectively.  

 
 

Figure 2. The RF muscle under US for healthy younger adults and sarcopenic older adults (VI muscles, left 

is VL muscles, and right is VM muscles) (adapted from Stringer et al., 2018 The Journal of Frailty & Aging [10]) 

The average correlation for this pair is 0.463 

(SD=0.143) (Fig. 1B). As shown in Table 5, the highest 

correlation reported ranges from 0.685 to 0.698 between 

the CSA of RF from US and leg muscle mass/ASM/SMI 

from BIA in 58 older adults with haemodialysis [41]. Five 

literatures reported that correlations are lower than 0.500, 

among which, interestingly, almost all the measurement 

parameters from the US were the MT or CSA of thigh 

(quadriceps or rectus femoris) [35-37, 39, 40]. 
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Table 5. The reported correlations of indexes derived between BIA and US. 
 

Author Year Parameter BIA Parameter US Correlation (r) Sample Size and 

Gender 

Distribution 

Kawai et al. 

[35] 

2017 PBF 

(Before control for age) 

(GF: Global, Fat) 

MT of quadriceps 

(Before control for age) 

(PM: Partial, Muscle) 

Men: 0.351 

Women: 0.340 

1,239 subjects 

(males: 511, 

females:728) 

SMI 

(Before control for age) 

(GM: Global, Muscle) 

MT of quadriceps 

(Before control for age) 

(PM: Partial, Muscle) 

Men: 0.454 

Women: 0.414 

PBF 

(After control for age) 

(GF: Global, Fat) 

MT of quadriceps 

(After control for age) 

(PM: Partial, Muscle) 

Men: 0.347 

Women: 0.349 

SMI 

(After control for age) 

(GM: Global, Muscle) 

MT of quadriceps 

(After control for age) 

(PM: Partial, Muscle) 

Men: 0.445 

Women: 0.395 

Hida et al. [36] 2018 ASMI 

(GM: Global, Muscle) 

MT of thigh 

(PM: Partial, Muscle) 

0.380 201 subjects 

(males: 99 

females: 102) 

Ramírez-

Fuentes et al. 

[37] 

2019 FFM (kg) 

(G: Global) 

CSA of RF 

(PM: Partial, Muscle) 

COPD: 0.584 

Healthy: 0.534 

35 males 

FFM (% prediction.) 

(G: Global) 

COPD: 0.606 

Healthy: 0.494 

Dry LM (kg) 

(G: Global) 

COPD: 0.572 

Healthy: 0.549 

Wilkinson et 

al. [38] 

2020 ASM 

(GM: Global, Muscle) 

CSA of RF 

(PM: Partial, Muscle) 

0.650 113 subjects  

(43 males, 70 

females) TMM 

(GM: Global, Muscle) 

0.660 

Battaglia et al. 

[39] 

2020 BCM 

(G: Global) 

Top-quadriceps rectus 

femoris (QRFM) Thickness 

(PM: Partial, Muscle) 

0.120 65 subjects (38 

males, 27 females) 

Mid-QRFM Thickness 

(PM: Partial, Muscle) 

0.258 

Low-QRFM Thickness 

(PM: Partial, Muscle) 

0.365 

Abdominal subcutaneous 

fat tissue thickness 

(PF: Partial, Fat) 

0.294 

Simó-Servat et 

al. [40] 

2023 FM 

(GF: Global, Fat) 

SF 

(PF: Partial, Fat) 

Pre-surgical 0.420 32 subjects (8 

males, 24 females) 
Post-surgical 0.520 

SMI 

(GM: Global, Muscle) 

TMT 

(PM: Partial, Muscle) 

Pre-surgical 0.350 

Post-surgical 0.380 

Matsuzawa et 

al.[41] 

2021 Leg muscle mass 

(PM: Partial, Muscle) 

CSA of RF 

(PM: Partial, Muscle) 

0.685 58 subjects (36 

males, 22 females) 

 ASM 

(GM: Global, Muscle) 

0.693 

SMI 

(GM: Global, Muscle) 

0.698 

 

Abbreviations: PBF: Percentage Body Fat; MT: Muscle Thickness; SMI: Skeletal Muscle Mass Index; ASM(I): Appendicular Skeletal Mass (Index); 

FFM: Fat-Free Mass; LM: Lean Mass; CSA: Cross-Sectional Area; TMT: Total Muscle Thickness; BCM: Body Cell Mass; FM: Fat Mass; TMT: Thigh 

Muscle Thickness; TMM: Total Muscle Mass; SF: Subcutaneous Fat; RF: Rectus Femoris; QRFM: Quadriceps Rectus Femoris  

The relatively low correlations in BIA–US may be 

attributed to the fact that there existed a large variety in 

the measurement locations and components of the 

parameters between BIA and US. According to Figure 1C, 

the average correlation of G-PF is 0.294 [39], 0.358 for 

GF-PM [35], 0.454 for G-PM [37, 39], 0.470 for GF-PF 

[40], 0.502 for GM-PM [28, 29, 31, 33, 34], and 0.685 for 

PM-PM [34]. PBF and MT yielded a correlation of 0.340-

0.454 in a study combining partial muscle with global fat 

[35]. It shows that the correlations between global and 

partial parameters, or between muscle-related and fat-

related parameters, were generally lower (0.340-0.351 

and 0.347-0.349, respectively), regardless of the subjects’ 

age. Furthermore, combining BIA and US for assessing 
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the body composition in patients with specific diseases 

also showed good agreement [37, 38, 40, 41] (Table 5). 

For COPD subjects, a correlation of 0.584 was found 

between reduced CSA of RF muscle and FFM [37]. For 

patients with protein-energy wasting in haemodialysis, 

US detected a reduction in RF muscle, and the 

subcutaneous fat tissue thickness was weakly correlated 

(0.294) with BIA-generated parameters such as body cell 

mass (BCM) [39]. Although the correlation was small, 

with BCM correlations to the MT of top-RF (0.120), MR 

of maid-RF(0.258), MT of low-RF(0.365), and abdominal 

subcutaneous fat tissue thickness (0.294), the correlations 

were statistically significant with a p-value less than 0.05 

[39]. Yet, it is worth noting that the cut-off points varied 

between the studies. For patients debilitated by CKD, the 

cut-off points were 8.9 cm2 for detecting sarcopenic 

muscle mass in males and 5.7 cm2 for females [38]. The 

correlation between the CSA of RF muscle from the US 

and BIA-generated ASM was 0.650 [38]. To sum up, GF-

PM and G-PF led to the lowest correlation due to the high 

heterogeneity of the correlating parameters in terms of 

measurement locations and measurement components, 

making their correlations smaller than those in other sub-

categories such as G-PM, GF-PF, GM-PM, and PM-PM. 

This may shed some light on the literature findings where 

the BIA–US category exhibited the lowest correlations 

with large variations among the ten pairs of comparisons 

(Fig. 1C). BIA–US measurements include various 

locations and components and combines the locations of 

both global and partial body with components of fat and 

muscle in a mixed manner; the complexity and diversity 

of the combinations lead to lower correlations in this 

category. 

 

Table 6. The reported correlations of indexes derived between DXA and US. 

 
Author Year Parameter US Parameter DXA Correlation (r) Sample Size and 

Gender 

Distribution 

Berger et al. 

[43] 

2015 Total FFM 

 

(G: Global) 

MT of right RF 

(PM: Partial, Muscle) 

0.677 105 subjects (52 

males, 53 

females)  MT of left RF 

(PM: Partial, Muscle) 

0.691 

Zhu et al. 

[44] 

2019 ALM 

 

(G: Global) 

MT (anterior radial, anterior 

ulnar, posterior tibial, 

posterior fibula) 

(PM: Partial, Muscle) 

Males: 0.248-0.539 265 subjects (97 

males, 168 

females) Females: 0.316-0.534 

Álvarez et al. 

[45] 

2021 MT of the 

gastrocnemius medialis 

(PM: Partial, Muscle) 

ALM of the 

gastrocnemius medialis 

(P: Partial) 

Longitudinal plane: 0.689 57 subjects (24 

males, 33 

females) Transverse plane: 0.546 

Souza et al. 

[34] 

2018 CSA of RF 

(using US and CT) 

(PM: Partial, Muscle) 

LBM in the upper limbs 

(P: Partial) 

0.286 100 subjects (41 

males, 59 

females) LBM in the lower limbs 

(P: Partial) 

0.271 

 

Abbreviations: FFM: Fat-Free Mass; MT: Muscle Thickness; RF: Rectus Femoris; ALM: Appendicular Lean Mass; CSA: Cross-Sectional Area; 

LBM: Lean Body Mass 

DXA–US: Among the 51 studies, four reported 

DXA–US correlations (Table 6) [34, 43-45]. The 

correlation in this category is relatively lower than the 

other categories, with an average of 0.497 (SD=0.166) 

(Fig. 1B). According to Figure 1C, DXA–US usually 

compares muscular components with the average 

correlation of P-PM, which is 0.448 [37, 38] and 0.547 for 

G-PM [43, 44]. Intriguingly, the highest correlation was 

reported between the global body fatty composition of the 

total FFM from the US and partial body muscular 

composition of the MT of RF muscle, ranging from 0.677 

to 0.691 [43]. US may be regarded as a reliable and 

accurate alternative to DXA for sarcopenia assessment in 

older adults [43]. When measuring the MT of the anterior 

radial, anterior ulnar, posterior tibial, and posterior fibula 

with ALM, the correlation for males is less than for 

females [44]. Besides, the MT of the gastrocnemius 

medialis from the US and ALM of the gastrocnemius 

medialis from DXA resulted in the second highest 

correlation of 0.689 and 0.546 for the longitudinal and 

transverse planes, respectively [45]. Meanwhile, the 

reported correlations between the CSA of RF from the US 

and the Lean Body Mass (LBM) of upper/lower DXA 

were the lowest (range: 0.271-0.286) [34].  

BIA–MRI: Five studies analyzed the correlation 

between BIA–MRI [46-50], with an average correlation 

of 0.715 (Fig. 1B, Table 7). Generally, BIA–MRI focused 

more on parameters measured at the global body scale, 

and both fat- and muscle-related components were 

distributed equally. According to Figure 1C, the highest 

correlation takes place in G-G comparison with 

correlation equaling 0.900 [48]. When BIA–MRI 
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measures muscle- or fat-related indexes consistently from 

the global scale, the average correlation is higher than 0.7 

(such as G-G, G-GM, GM-GM and GF-GF). When 

analyzing fat-related indexes between the global scale and 

partial scale, the average correlation of GF-PF is 0.622, 

which is smaller than the other combinations. Among the 

five studies, parameters with global body muscular/fatty 

compositions (GM/GF) yield higher correlations than 

parameters with partial body fatty compositions (PF) [46-

50](Table 7). The highest correlation occurred when 

comparing visceral fat and total abdominal adipose tissue 

(VAAT), with a male of 0.940 and a female of 0.920[47]. 

However, a comparison between BIA-generated visceral 

fat and MRI-generated visceral adipose tissue area 

(AVAT)  found a smaller correlation of 0.650 for males 

and 0.640 for females [47]. When global body fatty tissue 

was analyzed, it appears that the BIA-derived FFMM 

(BC) correlates highly with the derived FFMP (BC) with 

a correlation of 0.900. BFP from BIA and MRI also yield 

a high correlation of 0.900, respectively [48]; 

alternatively, visceral fat (VF) from BIA and total 

abdominal adipose tissue from MRI exhibited a higher 

correlation of 0.940 for males and 0.920 for females [47] 

(Table 7). However, it is worth noting that MRI-derived 

VF and BIA-derived VF exhibited lower correlations in 

two studies [46, 47]. 

 

Table 7. The reported correlations of indexes derived between BIA and MRI. 

 
Author Year Parameter BIA Parameter MRI Correlation 

(r) 

Sample Size and 

Gender Distribution 

Pietiläinen et 

al. [46] 

2012 Visceral Fat 

(Baseline) 

(GF: Global, Fat) 

Visceral Index 

(Baseline) 

(GF: Global, Fat) 

Females: 0.660 19 subjects (7 males, 

12 females)   

Visceral Fat 

(5 months after the start of 

weight-loss intervention) 

(GF:Global, Fat) 

Visceral Index 

(5 months after the start of weight-

loss intervention)  

(GF:Global, Fat) 

Sex-adjusted 

r= 0.777 

Females: 0.810  

Males: 0.780 

Browning et 

al. [47] 

2012 Visceral Fat 

(GF: Global, Fat) 

Visceral Adipose Tissue Area 

(AVAT) 

(PF: Partial, Fat) 

Males: 0.650 

Females: 0.640 

120 subjects (60 

males, 60 females) 

Visceral Fat 

(GF: Global, Fat) 

Total abdominal 

adipose tissue (TAAT)  

(GF: Global, Fat) 

Males: 0.940 

Females: 0.920 

Wang et al. 

[48] 

2013 Skeletal Muscle Percentage 

(SMP) (HBF BIA model)  

(GM: Global, Muscle) 

SMP 

(GM: Global, Muscle) 

0.850 200 subjects 

(100 males, 100 

females) 

FFMP (BC)  

(G: Global) 

FFMP 

(G: Global) 

0.900 

Visceral Fat Level (VFL) 

(HBF BIA model) 

(GF: Global, Fat) 

VFL 

(GF: Global, Fat) 

0.840 

VFL (BC)  

(GF: Global, Fat) 

VFL 

(GF: Global, Fat) 

0.770 

BFP (HBF BIA model)  

(GF: Global, Fat) 

BFP 

(GF: Global, Fat) 

0.890 

BFP (BC)  

(GF: Global, Fat) 

BFP 

(GF: Global, Fat) 

0.900 

Chaudry et 

al. [49] 

2020 Body Fat Mass (BFM) 

(GF: Global, Fat) 

Volume of total adipose tissue 

(GF: Global, Fat) 

Young: 0.680 63 males 

Old: 0.740 

Fat fraction of the total abdominal 

volume of interest 

(PF: Partial, Fat) 

Young: 0.760 

Old: 0.570 

Visceral Fat Area (VFA) 

(GF: Global, Fat) 

Volume of the total adipose tissue 

(GF: Global, Fat) 

Young: 0.640 

Old: 0.700 

Fat fraction of the total abdominal 

volume of interest 

(PF: Partial, Fat) 

Young: 0.740 

Old: 0.520 

Volume of visceral adipose tissue 

(GF: Global, Fat) 

Young: 0.490  

Old: 0.490 

Fat fraction of visceral volume of 

interest 

(PF: Partial, Fat) 

Young: 0.680 

Old: 0.390 
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Kiefer et al. 

[50] 

2022 Lean Body Mass Index (LBM) 

(G: Global)  

(Abdominal skeletal muscle mass 

index) 

AMMI 

(GM: Global, Muscle) 

0.704  335 subjects (188 

males, 147 females)  

SMI 

(GM: Global, Muscle) 

AMMI 

(GM: Global, Muscle) 

0.581 

 

Skeletal Muscle Mass Index; TAAT: Total Abdominal Adipose Tissue; AVAT: Area of Visceral Adipose Tissue; BFM: Body Fat Mass; VFA: Visceral 

Fat Area; VFL: Visceral Fat Level; BC: BC532 (Tanita); SMP: Skeletal Muscle Percentage; HBF: HBF 359 (Omron) 

Notably, weight-loss interventions could affect the 

correlation [46]. In the study of a 5-month weight-loss 

intervention, obese subjects improved the BIA–MRI 

correlation of VF from 0.660 to 0.810 in females, and for 

males, though the correlation was not significant at the 

baseline, it reached to 0.780 after five months of 

intervention. However, given the evidence that BIA could 

be inaccurate and could overestimate visceral fat, this may 

suggest that the weight-loss intervention might 

compensate for the overestimation of BIA measurement 

in obese subjects [48]. There was only one study 

investigating the BIA–MRI correlation of global body 

muscular compositions, where correlations ranged from 

0.581-0.704 [50] (Table 7). 

 

Table 8. The reported correlations of indexes derived between DXA and MRI. 

 
Author Year Parameter DXA Parameter MRI Correlation (r) Sample Size and 

Gender 

Distribution 

Chen et al. [51] 2007 Whole body LSTM 

(G/P: Global/Partial) 

Whole body SMM 

(GM/PM: Global/Partial, Muscle) 

Whole body: 0.940 101 females 

Leg region: 0.910 

Maden-

Wilkinson et al. 

[27] 

2013 Thigh LM 

(P: Partial) 

Thigh LM 

(P: Partial) 

Young adult: 

0.948 

91 subjects: 

(45 males, 46 

females) Older adult: 0.911 

Yang et al. [52] 2016 SF of thigh 

(PF: Partial, Fat) 

BMI 

(G: Global) 

0.907 190 subjects (58 

males, 132 females) 

(Intermuscular Fat ) 

IMF of thigh 

(PF: Partial, Fat) 

0.963 

Tavoian et al. 

[53] 

2019 Thigh LM 

(P: Partial) 

Mid-thigh Muscle Volume (MV) 

(PM: Partial, Muscle) 

0.890 26 subjects (10 

males, 16 females) 

Thigh LM 

(P: Partial) 

Mid-thigh MV 

(after 10 weeks) 

(PM: Partial, Muscle) 

0.900 

 Brown et al. 

[54] 

2022 Whole-body SMM 

(GM: Global, Muscle) 

Whole-body SMM 

(GM: Global, Muscle) 

Males: 0.940 36 subjects (17 

males, 19 females) 
Females: 0.940 

Whole-body SMM 

(GM: Global, Muscle) 

Single-slice thigh 

estimates of whole-body SMM 

(PM: Partial, Muscle) 

Males: 0.880 

Females: 0.870 

Cho et al. [55] 2022 ASM 

(GM: Global, Muscle) 

MT of temporalis 

(PM: Partial, Muscle) 

0.379 68 subjects (11 

males, 57 females) 

BMI 

(G: Global) 

0.303 

 

Abbreviations: LSTM: Lean Soft Tissue Mass; SMM: Skeletal Muscle Mass; LM: Lean Mass;  SF: Subcutaneous Fat; BMI: Body Mass Index; SMM: 

Skeletal Muscle Mass; ASM: Appendicular Skeletal Mass; BMI: Body Mass Index; MT: Muscle Thickness; MV: Muscle Volume; IMF: Intermuscular 

Fat  

DXA–MRI: Six studies analyzed the correlation 

between DXA–MRI [27, 51-55], with an average 

correlation of 0.834 (Fig. 1B, Table 8). Intriguingly, the 

greatest correlation of 0.948 was reported for partial thigh 

LM [27], followed by the correlation of 0.940 between the 

whole-body SMM and whole-body Lean Soft Tissue 

Mass (LSTM) [51], and the correlation of 0.940 for SMM 

[54] (Table 8). Alternatively, when partial body fatty 

tissue was analyzed, intramuscular fat (IMF) of the thigh 

and BMI achieved the highest correlation of 0.963; 

meanwhile DXA-derived Subcutaneous Fat (SF) of the 

thigh achieved a correlation of 0.907 with BMI [52] 

(Table 8). Of note, one study focused on older female 

adults with probable Alzheimer’s disease (without 

weakness) and reported a remarkably low correlation of 

MRI-derived partial temporalis MT with DXA-derived 
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global ASM (0.379) and DXA-derived BMI (0.303) [55] 

(Table 8). In Figure 1C,  for DXA–MRI, when analyzing 

the correlations of muscle-related parameters on the 

global scale and partial scale (GM-PM), the average 

correlation was 0.710; whilst when analyzing correlations 

of partial composition with one another (P-PM, P-P, PF-

G, G-GM, GM-GM), the average correlation was above 

0.9, especially for muscle-related indexes. However, 

when analyzing compositions from different body 

locations, such as G-PM, the correlation appeared to be 

the smallest, with an average of 0.303. Intriguingly, we 

noted that MRI-derived parameters generally generated 

greater correlations with parameters measured from other 

diagnostic approaches, such as in the case of MRI–CT 

(average=0.978), MRI–US (average=0.861), BIA–MRI 

(average=0.715), and DXA–MRI (average=0.834) (Fig. 

1A&1B) 

 

Table 9. The reported correlations of indexes derived between BIA and CT. 

 
Author Year Parameter BIA Parameter CT Correlation (r) Sample Size and 

Gender 

Distribution 

Gibson et al. 

[56] 

2014 FFM 

(G: Global) 

FFM 

(G: Global) 

Colorectal cancer: 0.795 43 patients (27 

males, 16 

females) FFMI 

(G: Global) 

FFMI 

(G: Global) 

Colorectal cancer: 

0.585 

Jo et al.[57] 2018 ASM 

(GM: Global, Muscle) 

LSMA 

(PM: Partial, Muscle) 

Males: 0.724 1,162 subjects 

(641 males, 521 

females) 
Females: 0.645 

ASM 

(GM: Global, Muscle) 

LSMA 

(PM: Partial, Muscle) 

0.898 

ASM 

(BMI adjusted) 

(GM: Global, Muscle) 

LSMA 

(BMI adjusted) 

(PM: Partial, Muscle) 

0.858 

Ohara et al. 

[58] 

2020 SMI 

(GM: Global, Muscle) 

SMI 

(GM: Global, Muscle) 

0.610 110 subjects (71 

males, 39 

females) SMI 

(>6 months post-

intervention for CLD) 

(GM: Global, Muscle) 

SMI 

(>6 months post-intervention 

for CLD) 

(GM: Global, Muscle) 

0.510 

Grossberg et 

al. [59] 

2021 SM mass 

(GM: Global, Muscle) 

SM CSA 

(lumbar region) 

(PM: Partial, Muscle) 

Head & neck cancer: 

0.969 

48 subjects (40 

males and 8 

females) 

FFM 

(G: Global) 

SM CSA 

(lumbar region) 

(PM: Partial, Muscle) 

Head & neck cancer: 

0.969 

FM 

(GF:Global, Fat) 

Adipose CSA 

(lumbar region) 

(PF: Partial, Fat) 

Head & neck cancer: 

0.948 

SMI 

(GM: Global, Muscle) 

SMI 

(lumbar region) 

(PM: Partial, Muscle) 

Head & neck cancer: 

0.948 

FFMI 

(G: Global) 

SMI 

(lumbar region) 

(PM: Partial, Muscle) 

Head & neck cancer: 

0.927 

FMI 

(GF: Global, Fat) 

(Adipose Index) ADI 

(lumbar region) 

(PF: Partial, Fat) 

Head & neck cancer: 

0.954 

Cao et al. 

[60] 

2022 BMI 

(Observed BIA) 

(G: Global) 

Predicted BMI 

(Erector spinae muscle area) 

(P: Partial) 

0.935 606 subjects 

 (384 males, 222 

females) 

BMI 

(G: Global) 

SMM 

(PM: Partial, Muscle) 

0.897 

Looijaard et 

al. [61] 

2020 MM 

(*Talluri) 

(GM: Global, Muscle) 

MM at L3 level 

(PM: Partial, Muscle) 

0.834 110 subjects (75 

males, 35 

females) 
 

Abbreviations: FFM: Fat-Free Mass; FFMI: Fat-Free Mass Index; ASM: Appendicular Skeletal Mass; LSMA: Lumbar Skeletal Mass Area; SMI: Skeletal 

Muscle Mass Index; SM: Skeletal Muscle; CSA: Cross-Sectional Area; SMI: Skeletal Muscle Mass Index; ADI: Adipose Index; BMI: Body Mass Index; 

MM: Muscle Mass; CLD:chronic liver disease; SMM: Skeletal Muscle Mass 

(*Talluri who generated the equation for calculating skeletal muscle mass) 
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BIA–CT: Six studies analyzed the BIA–CT 

correlation [56-61], with an average correlation of 0.824 

(SD=0.147) (Fig. 1B, Table 9). In table 9, the parameters 

of BIA measurement are ASM, ALMM, FFM, and SMI. 

The parameters of CT measurement are BMI, SMI, SM 

CSA, fat-related CSA, and lumbar skeletal mass area 

(LSMA). Generally, the highest correlation was for the 

head and neck cancer patients’ diagnosis of body 

compositions, correlation between SM mass and SM CSA 

is 0.969, between FFM and SM CSA is 0.969, between 

FM and Adipose CSA is 0.948, between SMI and SMI is 

0.948, between fat-free mass index (FFMI) and SMI is 

0.927, and between fat mass index (FMI) and ADI is 

0.954 [59] (Table 9).  According to Figure 1C, the 

correlations of fat-related indexes such as GF-PF are 

higher than those of muscle-related indexes in the same 

context such as GM-GM and GM-PM[58, 59, 61]. 

 

Table 10. The reported correlations of indexes derived between DXA and CT. 

 
Author Year Parameter DXA Parameter CT Correlation (r) Sample Size and 

Gender Distribution 

Bredella et al. 

[62] 

2010 Trunk Fat Mass 

(PF: Partial, Fat) 

Abdominal fat area 

(PF: Partial, Fat) 

Obese: 0.940 91 females 

Lean: 0.930 

Leg Fat Mass 

(PF: Partial, Fat) 

Thigh fat area 

(PF: Partial, Fat) 

Obese: 0.940 

Lean: 0.940 

Leg LSTM 

(P: Partial) 

Thigh muscle area 

(PM: Partial, Muscle) 

Obese: 0.760 

Lean: 0.770 

Kim et al. 

[63] 

2023 ASMI 

(GM: Global, Muscle) 

ASMI 

(GM: Global, Muscle) 

0.794 120 subjects (77 

males, 43 females) 

Yoo et al. 

[64] 

2022 Total soft tissue mass of thigh 

(P: Partial) 

Soft tissue mass 

(G/P: Global/Partial) 

Whole: 0.909 100 subjects (40 

males, 60 females) Thigh: 0.973 

Tsukasaki et 

al.[65] 

2020 SMI 

(GM: Global, Muscle) 

CSA of mid-thigh 

(PM: Partial, Muscle) 

Men: 0.800 1818 subjects (943 

males, 875 females) Women: 0.710 

CSA of the quadriceps 

(PM: Partial, Muscle) 

Men: 0.750 

Women: 0.630 
 

Abbreviations: ASMI: Appendicular Skeletal Mass Index; SMI: Skeletal Muscle Mass Index; CSA: Cross-Sectional Area 

DXA–CT: Four studies analyzed the DXA–CT 

correlation [62-65]with an average correlation of 0.834 

(SD=0.105) (Fig. 1B, Table 10). Generally, DXA–CT 

correlations were high (>0.900) for partial body 

compositions between DXA-derived total soft tissue mass 

of the thigh and CT-derived thigh soft tissue mass (0.973) 

[64]; correlations are also high for DXA-derived trunk fat 

mass and CT-derived abdominal fat area (obese subjects: 

0.940; lean subjects: 0.930), and DXA-derived leg fat 

mass and CT-derived thigh fat area (0.940 for both obese 

and lean subjects [62]). Remarkably, the DXA-derived 

partial leg LSTM exhibited lower correlations with CT-

derived thigh muscle area (obese subjects: 0.760; lean 

subjects: 0.770), which is lower than the correlation of 

partial fat-related indexes (Table 10)[62]. On the other 

hand, lower correlations were reported for DXA-derived 

global muscular SMI with CT-derived partial cross-

sectional muscle area of the mid-thigh (males: 0.800; 

females: 0.710) and with CT-derived partial CSA of the 

quadriceps (males: 0.750; females: 0.630) [65]. Notably, 

only one study reported DXA–CT correlations with GM-

GM parameters, global ASMI, achieving a correlation of 

0.794 (Table 10) [63]. According to Figure 1C, 

correlations of similar indexes such as PF-PF achieved the 

highest correlation, whereas dissimilar indexes such as 

GM-PM yielded smallest correlation.  

To sum up, the NIBM–IBM category incorporates a 

wide variety of combinations of measurement parameters 

(particularly in terms of the heterogeneity of the 

measurement locations and components between the two 

methods), compared to the NIBM–NIBM and IBM–IBM. 

Such a heterogeneity leads to lower correlations reported 

for NIBM–IBM. According to Figure 1C, the most 

common combinations are PM-PM, GM-GM, P-P, or G-

G for IBM–IBM and NIBM–NIBM. In stark contrast, the 

variety of combinations expanded to GM-PF, P-GM, G-

PM, G-PF, and P-GF in NIBM–IBM.  

 

4. DISCUSSION 

 

Sarcopenia is a debilitating disease affecting countless 

older adults worldwide. Early diagnosis allows for timely 

interventions to avoid further worsening of the sarcopenia 

conditions [66-72]. Modern diagnostic approaches 

include CT, MRI, US, DXA, and BIA, categorized into 

the IBMs and NIBMs in this review article. Numerous 

studies have been conducted to investigate the 

correlations of measurement parameters among these five 

technologies, and this review article is the first to 

systematically review the overall findings among all these 

five approaches, with overarching goals to enhance the 

understanding of this topic and provide valuable insights 

and recommendations for future research.  
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Table 11. Framework of NIBM–IBM selections. 

 

Combination Portability 

 

High 

Costs 

 

High Time 

Efficiency 

High Risks of 

Radiation 

Exposure 

Examples of Common Parameters (Scales) 

BIA–MRI × √ × × 

BIA: Visceral Fat, SMP, BFP, SMI (include global 

fat and muscle parameters) 

MRI: Visceral Adipose, ASMM (include global fat 

and muscle scale) 

BIA–CT × √ × √ 

BIA: FFM, ASM, SMI, FM, SMI (include global 

muscle and global fat scale) 

CT: FFM, LSMA, SMI, CSA (include partial muscle, 

global muscle, and partial fat scale) 

BIA–US √ × √ × 

BIA: PBF, SMI, ASMI, FFM, FM (include global fat 

and muscle parameters) 

US: MT, CSA, Abdominal subcutaneous fat tissue 

thickness (include partial muscle and partial fat scale) 

DXA–MRI × √ × √ 

DXA: Whole-body LSTM, Thigh LM, Whole-body 

SMM (include global muscle, partial muscle, and 

partial fat scale) 

MRI: Whole-body SMM, Thigh LM, BMI, MV, and 

MT (include global muscle and partial muscle scale) 

DXA–CT × √ × √ 

DXA: FM, LSTM, ASMI, SMI (include partial fat 

and global muscle scale) 

CT: Abdominal fat area, thigh muscle area, CSA, 

ASMI (include partial fat, global muscle, and partial 

muscle scale) 

DXA–US × √ × √ 
DXA: MT, ALM (include partial muscle scale) 

US: MT and CSA (partial muscle scale) 
 

Abbreviations: SMP: Skeletal Muscle Percentage; BFP: Body Fat Percentage; SMI: Skeletal Muscle Mass Index; ASMM: Appendicular Skeletal Muscle 

Mass; FFM: Fat-Free Mass; ASM(I): Appendicular Skeletal Mass (Index); FM: Fat Mass; SMI: Skeletal Muscle Mass Index; LSMA: Lumbar Skeletal 

Mass Area; CSA: Cross-Sectional Area; PBF: Percentage Body Fat; MT: Muscle Thickness; LSTM:Lean Soft Tissue Mass; LM: Lean Mass; SMM: 

Skeletal Muscle Mass; BMI: Body Mass Index; MV: Muscle Volume; ALM: Appendicular Lean Mass 

4.1 Understanding the Correlations 

 

The findings of this review demonstrate that the IBM–

IBM correlations and NIBM–NIBM correlations were 

generally higher compared to the NIBM–IBM 

correlations. The lower correlation values reported for 

NIBM–IBM may be largely attributed to the 

heterogeneous measurement locations and components 

between the compared diagnostic methods (Fig. 1C, Table 

3A-F). For instance, in NIBM, correlation analyses were 

mostly conducted to compare either the global or partial 

indexes between the two compared diagnostic methods 

(Fig. 1C, Table 1); similarly, in IBM, analyses were 

typically performed to compare partial indexes between 

the diagnostic methods (Fig. 1C, Table 2A-C).  

Given the context of similar tissue components and 

measurement scopes, the IBM–IBM and NIBM–NIBM 

correlations are generally higher than the NIBM–IBM 

correlations. Meanwhile, the correlations between similar 

measurement components of the diagnostic methods (e.g., 

muscle-to-muscle or fat-to-fat) tend to be higher than 

those between dissimilar components (e.g., muscle-to-

fat). The correlations of GF-GF, GM-GM, PF-PF, and 

PM-PM were remarkably higher (Fig. 1C). Since the 

“global” scale measures both the muscle-related 

components and indexes of soft tissue, FFM, LM, and 

indexes incorporating even body water and bone mass, it 

is important to involve “global” indexes in the sarcopenia 

evaluation matrix to obtain more systemic and 

representative information concerning the body 

components of interest. However, incorporating more 

indexes measured at different body locations or scales into 

the correlation comparison could lead to a lower 

correlation. If the measurement site is different or the 

measurement composition is different, it tends to produce 

a lower correlation compared to conditions where the 

correlations were made between similar sites and 

compositions.  

According to AWGS, EWGSOP, and IWGS, the 

major parameters related to sarcopenia are the 

appendicular skeletal muscle index (ASMI) and 

appendicular skeletal muscle mass (ASMM). We also 
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include skeletal muscle mass (ASM), muscle mass (MM), 

lumbar skeletal muscle mass area (LSMA), abdominal 

skeletal muscle mass (AMMI), and other indexes that 

relate to muscles and sarcopenia in Supplementary Table 

9. The correlations of strongly correlated sarcopenia 

factors show a similar trend, where comparisons within 

NIBM or IBM (such as NIBM–NIBM and IBM–IBM) 

exhibit a higher correlation compared to NIBM–IBM. By 

contrast, the correlation between NIBM and IBM is lower. 

Lower correlations exist within a mixture of measurement 

aspects, such as the correlations between globally 

measured fat-related parameters with partially measured 

muscle-related parameters, as in the case of BIA–US 

(Table 3A) [35]. For example, in the study of Kawai, H., 

et al. [35], the correlations are 0.351 for men and 0.340 

for women when comparing BIA and US. The parameter 

BIA provided is PBF, which is a global fat (GF) index, 

and the parameter US provided is MT, which is a partial 

muscle (PM) index. Thus, the correlation is relatively 

lower. In the study by Zwart, A.T., et al. [22], the 

correlation is 0.997 when both MRI and CT provide a 

similar global muscle (GM) index, as measured by SMI 

for comparison. Another example is that in the study of 

Franchi, M. V., et al. [30], the correlation was 0.820 when 

MRI provided the CSA of the vastus lateralis and US 

provided the MT of the vastus lateralis, and though CSA 

and MT are different parameters, the correlation is 

relatively high since both CSA and MT measure a partial 

muscle (PM) index. The correlations between the two 

approaches should be interpreted cautiously, considering 

the underlying measurement location and components. 

 

4.2 Inaccuracy within the Approaches and Obesity 

 

Notably, several studies have reported that BIA and DXA 

can over- or underestimate the measured values, thereby 

causing inaccuracies in subsequent correlation analyses. 

For example, in the BIA–DXA study, Yi et al. showed that 

HF-BIA underestimated ALM and PBF, whereas it 

overestimated FFM [15]. Cruz Rivera et al. concluded that 

BIA underestimated the fat mass and PBF [17]. In light of 

this, several research groups have adopted equations after 

adjustments for BIA-derived ALM and have achieved a 

higher correlation [19, 20]. Apart from this, for certain 

diseases, such as type 2 diabetes, the overestimation of 

BIA can result in a lower correlation compared to normal 

controls [18]. In DXA–MRI studies, Maden-Wilkinson et 

al. reported that DXA underestimated the age-related loss 

of thigh muscle mass and thus produced a lower 

correlation with MRI[27]. Similarly, in DXA–CT studies, 

Bredella et al. stated that DXA underestimated the trunk 

and thigh fat but overestimated the thigh muscle mass for 

obese women [62]. 

Sarcopenia obesity (SO) also tends to cause 

inaccurate results via BIA and DXA. SO refers to a 

condition of older people with reduced muscle mass but a 

higher level of adiposity, and it is also associated with 

cardiovascular disease (CVD). It can increase the risks of 

mortality[73-76]. Extensive research suggests that it is 

important to evaluate the muscle and fat mass in SO [71]. 

Obesity can lead to inaccuracies in BIA measurements; 

for example, BIA may overestimate visceral fat in males 

[46]. Although fat and obesity can cause inaccuracy in 

NIBM measurements, several research groups have 

demonstrated that NIBM performs well for specific 

measurements. For example, BIA provided accurate 

results when measuring changes in FM and skeletal 

muscle-related parameters, despite the inaccuracy of fat-

related parameters, such as visceral fat [46]. BIA 

underestimated FM and overestimated FFM for subjects 

with a greater BMI over 34 kg/m2 [77]. In the BIA–MRI 

comparison, interference in weight loss may compensate 

for the overestimation of BIA in obese people[41]. On the 

other hand, DXA overestimated the thigh lean mass by 

10%, LMM by 47%, and TFM by 20% compared to 

DXA–CT [64]. The underestimated trunk and 

overestimated thigh muscle mass from DXA could also 

affect the results of the correlation analyses, and the errors 

may increase with increasing body weight [41, 46, 76]. 

Therefore, we speculated that the above measurement bias 

using DXA and BIA may be partly attributed to their 

relatively lower correlations with other diagnostic 

techniques, which are more accurate. To this end, we urge 

attention when considering the correlations with BIA or 

DXA, which should be processed cautiously, especially 

when handling parameters that can be influenced by 

obesity.  

 

4.3 Implications for Clinical Practice 

 

Although drawing a conclusion about which pair is the 

most effective for measuring sarcopenia is beyond the 

scope of this review, we recommend combining the IBM 

and NIBM methods for sarcopenia assessment because 

they may work in tandem to leverage the strengths of each 

and measure complementary metrics, thereby providing a 

more holistic understanding of sarcopenia. Considering 

the capability, affordability, and scope of applicability, 

the greatest potential lies among NIBM–IBM 

combinations.  

To measure sarcopenia comprehensively, it is 

important to consider the body conditions on two scales: 

whether the index is measured at a holistic or partial body 

scale, and whether the index indicates muscular or fat-

related conditions. NIBM and IBM are recommended to 

operate jointly and be complementary to each other, 

providing measurements based on the above two scales. 
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In light of this, choosing one technique from NIBM (BIA 

and DXA) can generate a global parameter, while another 

from IBM (MRI, CT, and US) can provide a partial 

parameter. In total, this review presents six pairs of 

NIBM–IBM (BIA–MRI, BIA–CT, BIA–US, DXA–MRI, 

DXA–CT, DXA–US). The principle for IBM and NIBM 

selections lies in the objective and purpose of 

measurement. For instance, when selecting IBM, if the 

goal is to investigate a specific aetiology or pathology that 

requires an MRI or CT scan, sarcopenia-related indicators 

can be measured simultaneously. However, suppose the 

sole purpose is to evaluate sarcopenia. In that case, we 

recommend ultrasound (US) as it is more convenient, with 

no risk of ionizing radiation, and cost-effective, making it 

suitable for repeated routine examinations. When 

selecting NIBMs, DXA may be chosen if there is a need 

to measure bone density. Otherwise, BIA is more 

convenient to operate and more affordable, especially for 

home and community-based screening. 

The combination of DXA–CT, for instance, can 

measure the holistic body composition, such as LM, while 

also assessing localized MT, such as in the thigh. 

Similarly, the combination of BIA and MRI can evaluate 

BFP while providing detailed measurements of MV. 

However, it is noticeable that MRI and CT are not suitable 

for routine muscle screening due to their high cost and 

operational complexity, as well as the risks associated 

with CT-induced radiation. As for the combination of 

DXA–MRI, although both DXA and MRI generate 

detailed and precise results, the examination can be 

expensive and is therefore not recommended for daily 

routine assessment. MRI is not suitable for individuals 

wearing metallic devices, and it is bulky and not as 

available as US in some rural areas. Therefore, the US is 

recommended for assessing partial muscle conditions. On 

the other hand, although DXA allows for measurements 

of the global body index, it involves low-dose radiation 

and is not practical for in-home or community routine 

screening compared to BIA. In stark contrast, BIA 

becomes suitable for routine body composition 

monitoring by ensuring the patient's condition during 

measurements, and its accuracy has been improved along 

with technological advancements. As for the US, although 

it requires trained professionals to perform scans, and 

biases may exist among different operators, healthcare 

providers can be trained to conduct these operations 

professionally. Compared to BIA–US, BIA–CT, and 

DXA–US, these methods can be used when there is a need 

for specific CT scanning or DXA scanning, as prescribed 

by a medical doctor, to avoid exposing patients to 

unnecessary radiation for sarcopenia screening. 

Among the six pairs, we recommend the BIA–US 

combination, as it presents distinct advantages. First, from 

the perspective of the scope of use, BIA–US enables the 

assessments of different tissues (muscle and fat) and at 

different body scales (globally and partially), which may 

provide complementary information for sarcopenia 

assessment. For instance, BIA–US generates G (FFM, 

BCM), GM (SMI, ASMI, ASM, TMM), GF (PBF, FM), 

PM (leg muscle mass, TMT, MT, CSA), and PF (SF, 

abdominal subcutaneous fat tissue thickness) metrics. The 

combination of them provides a large variety of 

measurement components at both partial and global body 

scales, offering a more holistic picture of the sarcopenia 

condition. Combining US and BIA enables the detection 

of both muscle- and fat-related parameters globally and 

partially. This combination performs collaboratively in 

providing a more applicable and comprehensive picture of 

the risk or severity of sarcopenia. Second, from the 

perspective of safety, BIA–US favours frequent, repeated, 

portable, and even population-wide assessments without 

the risk of potential radiation hazards, which would 

otherwise be impractical for other technologies, such as 

CT and DXA. Third, from the perspective of applicability 

and affordability, BIA–US is portable and of greater 

affordability compared to other technologies (such as 

MRI, CT, X-ray, etc.); US can also generate real-time 

results and observe muscle activity of contraction. These 

properties would make BIA–US a portable, combination 

assessment tool suitable for use in clinics, the home, and 

community settings. Table 4 shows the framework of 

NIBM–IBM selections.  

Given the heterogeneous measurement locations and 

components of these two diagnostic approaches, the lower 

averaged correlations may not necessarily represent their 

low clinical value for sarcopenia assessments. Indeed, 

they may be complementary to each other and hence play 

a concerted role in reflecting sarcopenia. The area of 

research on BIA–US for sarcopenia assessment deserves 

a great deal of attention for further investigations, and 

more solid evidence on this emerging approach is highly 

anticipated, with the hope of revolutionizing novel and 

holistic strategies for sarcopenia assessments in the long 

run. 

 

4.4 Limitations in the potential biases 

 

This review article presents several limitations, 

particularly given the presence of biases of reporting the 

sample size, population heterogeneity, and study 

methodologies. Firstly, from the gender distribution 

aspect, overrepresentation or underrepresentation of one 

gender may hinder the generalization of the findings to 

general populations. Some pathological characteristics 

may vary by gender, and uneven distribution could 

obscure the results. For example, according to 

Supplementary Figure 1, some pairs involve more males 

than females, such as MRI–US and MRI–CT (male-to-
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female: ~7:3), and others involve more females than 

males, such as DXA–MRI (male-to-female: ~3:7). 

Secondly, from the sample size aspect, the sample sizes 

are different in each subcategory, thus potentially 

introducing bias into the results. For example, BIA–DXA 

entails the largest number of subjects in regard to sample 

size (n=4194), while MRI–US involves a sample size of 

51, as illuminated in Supplementary Figure 1. Thirdly, 

from the population aspect, the diversity in ethnicity and 

culture could also influence the reliability of the results. 

As summarized in Supplementary Table 5, among the 51 

included studies, only three studies conducted by 

Battaglia, Y et al. [39], Pietiläinen KH, et al. [46], and 

Chen Zhao et al. [51] explicitly reported the ethnicity of 

the subjects, while others did not provide such 

information. Thus, whether or not and how this variation 

between the studies would introduce bias to our findings 

requires further investigation. Therefore, the readers of 

this review article are recommended to cautiously 

interpret the reported findings. In future research, studies 

that are dedicatedly designed to mitigate the 

abovementioned potential impacts are greatly anticipated.  

 

4.5 Future Direction and Limitations 

 

Firstly, although we attempted to include as many related 

publications from 2007 as possible up to February 2023, 

resulting in a total of 51 studies, more recent studies might 

not be included at the time that this manuscript was 

prepared. Secondly, this review classified the approaches 

by whether the result is generated from images. Further 

classification techniques are required for a more thorough 

investigation. For example, we could classify the groups 

by age, gender, disease group, community, or clinical 

setting. Thirdly, the amount of some correlational studies 

is less than others; for example, there are only three 

correlation studies for CT–US and DXA–US. We 

encourage more studies in these two fields to show how 

measuring locations and components could affect the 

correlations in between them. Fourthly, software for 

acquiring and analyzing the measurement data embedded 

in each of the diagnostic approaches would affect the 

derived result. Thus, further investigation is needed to 

measure the accuracy of software updates. Lastly, we 

acknowledge that it is of more interest to reveal the most 

effective diagnostic approaches or measurement 

locations/components for sarcopenia assessments, but 

reaching a conclusion on this topic appears to be beyond 

the scope of this review article. We hope that the findings 

of this review will provide the community with enhanced 

understanding and insights for future research to 

determine an ideal evaluation approach and the 

parameters for sarcopenia measurement.  

 

5. Conclusion 

 

Sarcopenia is a crippling disease affecting older adults 

worldwide, and it was internationally introduced into the 

ICD-10 code. Modern technologies for sarcopenia 

assessment include BIA, DXA, MRI, CT, and US. It is 

essential to note that higher correlations occur within the 

same category (i.e., IBM vs. IBM and NIBM vs. NIBM) 

and with parameters that share similar measurement 

locations and components. In stark contrast, the 

correlations between parameters with dissimilar 

measurement locations and components tend to be lower, 

as in the NIBM–IBM category. However, the relatively 

low NIBM–IBM correlations do not necessarily represent 

their low clinical value for sarcopenia assessments due to 

the huge heterogeneity of the measurement locations and 

components in the current literature. Indeed, they may be 

complementary to each other and hence provide a more 

comprehensive picture of the risk or severity of 

sarcopenia. To this end, the BIA–US category exhibits an 

exciting direction and should deserve a great deal of 

attention for future investigations, particularly given the 

US capabilities in estimating both muscle quantity and 

quality and assessing the fat-related parameters as well as 

its untapped potential following its recent introduction for 

sarcopenia assessments in 2018 by the SARCUS working 

group, integrating US with BIA is an exciting direction 

for a more holistic, safe, and low-cost bedside sarcopenia 

assessment in the future. 

 

Acknowledgement 

 

The project is supported by the Research Institute for 

Smart Ageing (RISA) of the Hong Kong Polytechnic 

University (1-CDK0; 1-CD5B). 

 

Declaration of Conflicts of Interests 

 

Dawei Zhang, Sai Kit Lam, and Yongping Zheng declare 

that they have no competing financial interests or personal 

relationships with a third party that could have appeared 

to influence the work reported in this paper. 

 

Supplementary Materials  

  

The Supplementary data can be found online at: 

www.aginganddisease.org/EN/10.14336/AD.2025.0145.    

 

References 

 
[1] Rosenberg IH (1997). Sarcopenia: origins and clinical 

relevance. The Journal of nutrition, 127:990S-991S. 

[2] Larsson L, Degens H, Li M, Salviati L, Lee YI, 

Thompson W, et al. (2019). Sarcopenia: aging-related 



 Zhang D., et al.                                                                                             Parameters’ Correlations for Sarcopenia

   

Aging and Disease • Volume 17, Number 3, June 2026                                                                         1442 

 

loss of muscle mass and function. Physiological reviews, 

99:427-511. 

[3] Chen L-K, Woo J, Assantachai P, Auyeung T-W, Chou 

M-Y, Iijima K, et al. (2020). Asian Working Group for 

Sarcopenia: 2019 consensus update on sarcopenia 

diagnosis and treatment. J Am Med Dir Assoc, 21:300-

307. e302. 

[4] Yu R, Leung J, Woo J (2014). Incremental predictive 

value of sarcopenia for incident fracture in an elderly 

Chinese cohort: results from the Osteoporotic Fractures 

in Men (MrOs) Study. J Am Med Dir Assoc, 15:551-558. 

[5] Cho M-R, Lee S, Song S-K (2022). A review of 

sarcopenia pathophysiology, diagnosis, treatment and 

future direction. Journal of Korean medical science, 37. 

[6] Alfonso J Cruz-Jentoft AAS (2019). Sarcopenia. Lancet 

393: 2636–2646. 

[7] Anker SD, Morley JE, von Haehling S. 2016. Welcome 

to the ICD‐ 10 code for sarcopenia. Wiley Online 

Library. 512-514. 

[8] Giovannini S, Brau F, Forino R, Berti A, D’Ignazio F, 

Loreti C, et al. (2021). Sarcopenia: diagnosis and 

management, state of the art and contribution of 

ultrasound. Journal of Clinical Medicine, 10:5552. 

[9] Guerri S, Mercatelli D, Gómez MPA, Napoli A, Battista 

G, Guglielmi G, et al. (2018). Quantitative imaging 

techniques for the assessment of osteoporosis and 

sarcopenia. Quantitative Imaging in Medicine and 

Surgery, 8:60-85. 

[10] Stringer HJ, Wilson D (2018). The role of ultrasound as 

a diagnostic tool for sarcopenia. The Journal of frailty & 

aging, 7:258-261. 

[11] Perkisas S, Bastijns S, Baudry S, Bauer J, Beaudart C, 

Beckwée D, et al. (2021). Application of ultrasound for 

muscle assessment in sarcopenia: 2020 SARCUS update. 

European geriatric medicine, 12:45-59. 

[12] Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, 

Cederholm T, et al. (2019). Sarcopenia: revised 

European consensus on definition and diagnosis. Age 

and ageing, 48:16-31. 

[13] Fielding RA, Vellas B, Evans WJ, Bhasin S, Morley JE, 

Newman AB, et al. (2011). Sarcopenia: an undiagnosed 

condition in older adults. Current consensus definition: 

prevalence, etiology, and consequences. International 

working group on sarcopenia. J Am Med Dir Assoc, 

12:249-256. 

[14] Achamrah N, Colange G, Delay J, Rimbert A, Folope V, 

Petit A, et al. (2018). Comparison of body composition 

assessment by DXA and BIA according to the body mass 

index: A retrospective study on 3655 measures. PloS 

one, 13:e0200465. 

[15] Yi Y, Baek JY, Lee E, Jung H-W, Jang I-Y (2022). A 

comparative study of high-frequency bioelectrical 

impedance analysis and dual-energy X-ray 

absorptiometry for estimating body composition. Life, 

12:994. 

[16] Benz E, Pinel A, Guillet C, Capel F, Pereira B, De 

Antonio M, et al. (2024). Sarcopenia and sarcopenic 

obesity and mortality among older people. JAMA 

network Open, 7:e243604-e243604. 

[17] Cruz Rivera PN, Goldstein RL, Polak M, Lazzari AA, 

Moy ML, Wan ES (2022). Performance of bioelectrical 

impedance analysis compared to dual X-ray 

absorptiometry (DXA) in Veterans with COPD. 

Scientific reports, 12:1946. 

[18] Buch A, Ben-Yehuda A, Rouach V, Maier AB, 

Greenman Y, Izkhakov E, et al. (2022). Validation of a 

multi-frequency bioelectrical impedance analysis device 

for the assessment of body composition in older adults 

with type 2 diabetes. Nutrition & Diabetes, 12:45. 

[19] Vermeiren S, Beckwee D, Vella-Azzopardi R, Beyer I, 

Knoop V, Jansen B, et al. (2019). Evaluation of 

appendicular lean mass using bio impedance in persons 

aged 80+: A new equation based on the BUTTERFLY-

study. Clinical Nutrition, 38:1756-1764. 

[20] Bosaeus I, Wilcox G, Rothenberg E, Strauss BJ (2014). 

Skeletal muscle mass in hospitalized elderly patients: 

comparison of measurements by single-frequency BIA 

and DXA. Clinical nutrition, 33:426-431. 

[21] Khan AI, Reiter DA, Sekhar A, Sharma P, Safdar NM, 

Patil DH, et al. (2019). MRI quantitation of abdominal 

skeletal muscle correlates with CT-based analysis: 

implications for sarcopenia measurement. Applied 

Physiology, Nutrition, and Metabolism, 44:814-819. 

[22] Zwart AT, Becker J-N, Lamers MJ, Dierckx RA, de 

Bock GH, Halmos GB, et al. (2021). Skeletal muscle 

mass and sarcopenia can be determined with 1.5-T and 

3-T neck MRI scans, in the event that no neck CT scan 

is performed. European radiology, 31:4053-4062. 

[23] Faron A, Sprinkart AM, Kuetting DL, Feisst A, Isaak A, 

Endler C, et al. (2020). Body composition analysis using 

CT and MRI: intra-individual intermodal comparison of 

muscle mass and myosteatosis. Scientific reports, 

10:11765. 

[24] Lee B, Bae YJ, Jeong W-J, Kim H, Choi BS, Kim JH 

(2021). Temporalis muscle thickness as an indicator of 

sarcopenia predicts progression-free survival in head and 

neck squamous cell carcinoma. Scientific Reports, 

11:19717. 

[25] Dupont AC, Sauerbrei EE, Fenton PV, Shragge PC, 

Loeb GE, Richmond FJ (2001). Real-time sonography to 

estimate muscle thickness: Comparison with MRI and 

CT. Journal of Clinical Ultrasound, 29:230-236. 

[26] Wang F-Z, Sun H, Zhou J, Sun L-L, Pan S-N (2021). 

Reliability and validity of abdominal skeletal muscle 

area measurement using magnetic resonance imaging. 

Academic Radiology, 28:1692-1698. 

[27] Maden-Wilkinson T, Degens H, Jones D, McPhee J 

(2013). Comparison of MRI and DXA to measure 

muscle size and age-related atrophy in thigh muscles. 

Journal of musculoskeletal & neuronal interactions, 

13:320-328. 

[28] Abe T, Nakatani M, Loenneke JP (2018). Relationship 

between ultrasound muscle thickness and MRI ‐

measured muscle cross‐sectional area in the forearm: a 

pilot study. Clinical Physiology and Functional Imaging, 

38:652-655. 

[29] Mul K, Horlings CG, Vincenten SC, Voermans NC, van 

Engelen BG, van Alfen N (2018). Quantitative muscle 



 Zhang D., et al.                                                                                             Parameters’ Correlations for Sarcopenia

   

Aging and Disease • Volume 17, Number 3, June 2026                                                                         1443 

 

MRI and ultrasound for facioscapulohumeral muscular 

dystrophy: complementary imaging biomarkers. Journal 

of neurology, 265:2646-2655. 

[30] Franchi MV, Longo S, Mallinson J, Quinlan JI, Taylor 

T, Greenhaff PL, et al. (2018). Muscle thickness 

correlates to muscle cross ‐ sectional area in the 

assessment of strength training‐induced hypertrophy. 

Scandinavian journal of medicine & science in sports, 

28:846-853. 

[31] Giles LS, Webster KE, McClelland JA, Cook J (2015). 

Can ultrasound measurements of muscle thickness be 

used to measure the size of individual quadriceps 

muscles in people with patellofemoral pain? Physical 

Therapy in Sport, 16:45-52. 

[32] Seymour JM, Ward K, Sidhu PS, Puthucheary Z, Steier 

J, Jolley CJ, et al. (2009). Ultrasound measurement of 

rectus femoris cross-sectional area and the relationship 

with quadriceps strength in COPD. Thorax, 64:418-423. 

[33] Thomaes T, Thomis M, Onkelinx S, Coudyzer W, 

Cornelissen V, Vanhees L (2012). Reliability and 

validity of the ultrasound technique to measure the rectus 

femoris muscle diameter in older CAD-patients. BMC 

medical imaging, 12:1-6. 

[34] Souza VAd, Oliveira D, Cupolilo EN, Miranda CS, 

Colugnati FAB, Mansur HN, et al. (2018). Rectus 

femoris muscle mass evaluation by ultrasound: 

facilitating sarcopenia diagnosis in pre-dialysis chronic 

kidney disease stages. Clinics, 73:e392. 

[35] Kawai H, Kera T, Hirayama R, Hirano H, Fujiwara Y, 

Ihara K, et al. (2018). Morphological and qualitative 

characteristics of the quadriceps muscle of community-

dwelling older adults based on ultrasound imaging: 

classification using latent class analysis. Aging clinical 

and experimental research, 30:283-291. 

[36] Hida T, Ando K, Kobayashi K, Ito K, Tsushima M, 

Kobayakawa T, et al. (2018). Ultrasound measurement 

of thigh muscle thickness for assessment of sarcopenia. 

Nagoya journal of medical science, 80:519. 

[37] Ramírez-Fuentes C, Mínguez-Blasco P, Ostiz F, 

Sánchez-Rodríguez D, Messaggi-Sartor M, Macías R, et 

al. (2019). Ultrasound assessment of rectus femoris 

muscle in rehabilitation patients with chronic obstructive 

pulmonary disease screened for sarcopenia: correlation 

of muscle size with quadriceps strength and fat-free 

mass. European geriatric medicine, 10:89-97. 

[38] Wilkinson TJ, Gore EF, Vadaszy N, Nixon DG, Watson 

EL, Smith AC (2021). Utility of ultrasound as a valid and 

accurate diagnostic tool for sarcopenia: Sex‐Specific 

cutoff values in chronic kidney disease. Journal of 

Ultrasound in Medicine, 40:457-467. 

[39] Battaglia Y, Ullo I, Massarenti S, Esposito P, Prencipe 

M, Ciancio G, et al. (2020). Ultrasonography of 

quadriceps femoris muscle and subcutaneous fat tissue 

and body composition by BIVA in chronic dialysis 

patients. Nutrients, 12:1388. 

[40] Simó-Servat A, Ibarra M, Libran M, Quirós C, Puértolas 

N, Alonso N, et al. (2023). Usefulness of ultrasound in 

assessing the impact of bariatric surgery on body 

composition: a pilot study. Obesity Surgery, 33:1211-

1217. 

[41] Matsuzawa R, Yamamoto S, Suzuki Y, Imamura K, 

Harada M, Matsunaga A, et al. (2021). The clinical 

applicability of ultrasound technique for diagnosis of 

sarcopenia in hemodialysis patients. Clinical Nutrition, 

40:1161-1167. 

[42] Bordoni B, Varacallo M (2018). Anatomy, bony pelvis 

and lower limb, thigh quadriceps muscle. 

[43] Berger J, Bunout D, Barrera G, de la Maza MP, 

Henriquez S, Leiva L, et al. (2015). Rectus femoris (RF) 

ultrasound for the assessment of muscle mass in older 

people. Archives of gerontology and geriatrics, 61:33-

38. 

[44] Zhu S, Lin W, Chen S, Qi H, Wang S, Zhang A, et al. 

(2019). The correlation of muscle thickness and 

pennation angle assessed by ultrasound with sarcopenia 

in elderly Chinese community dwellers. Clinical 

Interventions in Aging:987-996. 

[45] Álvarez MN, Ronda MAV, Rangel LS, Thuissard-

Vasallo IJ, Andreu-Vazquez C, Martin PM, et al. (2021). 

Muscle assessment by ultrasonography: agreement with 

dual-energy X-ray absorptiometry (DXA) and 

relationship with physical performance. The Journal of 

nutrition, health and aging, 25:956-963. 

[46] Pietiläinen KH, Kaye S, Karmi A, Suojanen L, Rissanen 

A, Virtanen KA (2013). Agreement of bioelectrical 

impedance with dual-energy X-ray absorptiometry and 

MRI to estimate changes in body fat, skeletal muscle and 

visceral fat during a 12-month weight loss intervention. 

British journal of nutrition, 109:1910-1916. 

[47] Browning LM, Mugridge O, Chatfield MD, Dixon AK, 

Aitken SW, Joubert I, et al. (2010). Validity of a new 

abdominal bioelectrical impedance device to measure 

abdominal and visceral fat: comparison with MRI. 

Obesity, 18:2385-2391. 

[48] Wang J-G, Zhang Y, Chen H-E, Li Y, Cheng X-G, Xu 

L, et al. (2013). Comparison of two bioelectrical 

impedance analysis devices with dual energy X-ray 

absorptiometry and magnetic resonance imaging in the 

estimation of body composition. The Journal of Strength 

& Conditioning Research, 27:236-243. 

[49] Chaudry O, Grimm A, Friedberger A, Kemmler W, Uder 

M, Jakob F, et al. (2020). Magnetic resonance imaging 

and bioelectrical impedance analysis to assess visceral 

and abdominal adipose tissue. Obesity, 28:277-283. 

[50] Kiefer LS, Fabian J, Rospleszcz S, Lorbeer R, Machann 

J, Kraus MS, et al. (2022). Population‐based cohort 

imaging: skeletal muscle mass by magnetic resonance 

imaging in correlation to bioelectrical ‐ impedance 

analysis. Journal of Cachexia, Sarcopenia and Muscle, 

13:976-986. 

[51] Chen Z, Wang Z, Lohman T, Heymsfield SB, Outwater 

E, Nicholas JS, et al. (2007). Dual-energy X-ray 

absorptiometry is a valid tool for assessing skeletal 

muscle mass in older women. The journal of nutrition, 

137:2775-2780. 

[52] Yang Y, Chong M, Lim W, Tay L, Yew S, Yeo A, et al. 

(2017). Validity of estimating muscle and fat volume 



 Zhang D., et al.                                                                                             Parameters’ Correlations for Sarcopenia

   

Aging and Disease • Volume 17, Number 3, June 2026                                                                         1444 

 

from a single MRI section in older adults with sarcopenia 

and sarcopenic obesity. Clinical radiology, 72:427. e429-

427. e414. 

[53] Tavoian D, Ampomah K, Amano S, Law TD, Clark BC 

(2019). Changes in DXA-derived lean mass and MRI-

derived cross-sectional area of the thigh are modestly 

associated. Scientific reports, 9:10028. 

[54] Brown E, Williams, A., Hakim, O., Wilton, M. M., 

Harrold, J. A., Hughes, D., Kemp, G. J., Wilding, J. P. 

H., Goff, L. M., and Cuthbertson, D. J. (2022). MRI thigh 

measurements predict whole-body skeletal muscle mass 

in patients with type 2 diabetes: a comparison with DXA. 

JCSM Rapid Communications, 5:149–153. 

[55] Cho J, Park, M., Moon, W. J., Han, S. H., & Moon, Y. 

(2022). Sarcopenia in patients with dementia: correlation 

of temporalis muscle thickness with appendicular muscle 

mass. Neurological sciences : official journal of the 

Italian Neurological Society and of the Italian Society of 

Clinical Neurophysiology, 43(5):3089–3095. 

[56] Gibson DJ, Burden, S., Todd, C., Strauss, B. J., & Lal, S. 

(2014). Concurrent validity of fat free mass using 

computed tomography and bioelectrical impedance 

analysis in people with colorectal cancer (CRC) and 

weight loss. . Abstract from ESPEN 36th Congress, 

Pelexpo, Geneva, Switzerland. 

[57] Jo MHL, T.S.; Jeon, M.Y.; Lee, H.W.; Kim, B.K.; Park, 

J.Y.; Kim, D.Y.; Ahn, S.H.; Han, K.-H.; Kim, S.U. ( 

2019). Predictors of Discordance in the Assessment of 

Skeletal Muscle Mass between Computed Tomography 

and Bioimpedance Analysis. J. Clin. Med, 8. 

[58] Ohara M, Suda G, Kimura M, Maehara O, Shimazaki T, 

Shigesawa T, et al. (2020). Computed tomography, not 

bioelectrical impedance analysis, is the proper method 

for evaluating changes in skeletal muscle mass in liver 

disease. JCSM Rapid Communications, 3:103-114. 

[59] Grossberg AJ, Rock CD, Edwards J, Mohamed AS, 

Ruzensky D, Currie A, et al. (2021). Bioelectrical 

impedance analysis as a quantitative measure of 

sarcopenia in head and neck cancer patients treated with 

radiotherapy. Radiotherapy and Oncology, 159:21-27. 

[60] Cao J, Zuo D, Han T, Liu H, Liu W, Zhang J, et al. 

(2022). Correlation between bioelectrical impedance 

analysis and chest CT-measured erector spinae muscle 

area: a cross-sectional study. Frontiers in Endocrinology, 

13:923200. 

[61] Looijaard WG, Stapel SN, Dekker IM, Rusticus H, 

Remmelzwaal S, Girbes AR, et al. (2020). Identifying 

critically ill patients with low muscle mass: Agreement 

between bioelectrical impedance analysis and computed 

tomography. Clinical nutrition, 39:1809-1817. 

[62] Bredella MA, Ghomi RH, Thomas BJ, Torriani M, Brick 

DJ, Gerweck AV, et al. (2010). Comparison of DXA and 

CT in the assessment of body composition in 

premenopausal women with obesity and anorexia 

nervosa. Obesity, 18:2227-2233. 

[63] Kim M, Lee C-m, Kang BK, Ha TK, Choi YY, Lee SJ 

(2023). Sarcopenia assessed with DXA and CT increases 

the risk of perioperative complications in patients with 

gastrectomy. European Radiology, 33:5150-5158. 

[64] Yoo HJ, Kim YJ, Hong H, Hong SH, Chae HD, Choi J-

Y (2022). Deep learning–based fully automated body 

composition analysis of thigh CT: comparison with DXA 

measurement. European Radiology, 32:7601-7611. 

[65] Tsukasaki K, Matsui Y, Arai H, Harada A, Tomida M, 

Takemura M, et al. (2020). Association of muscle 

strength and gait speed with cross-sectional muscle area 

determined by mid-thigh computed tomography—a 

comparison with skeletal muscle mass measured by dual-

energy X-ray absorptiometry. The Journal of frailty & 

aging, 9:82-89. 

[66] Li Z, Liu B, Tong X, Ma Y, Bao T, Yue J, et al. (2024). 

The association between sarcopenia and incident of 

depressive symptoms: a prospective cohort study. BMC 

geriatrics, 24:74. 

[67] Shefflette A, Patel N, Caruso J (2023). Mitigating 

sarcopenia with diet and exercise. International Journal 

of Environmental Research and Public Health, 20:6652. 

[68] Jang YJ (2022). The effects of protein and supplements 

on sarcopenia in human clinical studies: how older adults 

should consume protein and supplements. Journal of 

microbiology and biotechnology, 33:143. 

[69] Paddon-Jones D, Rasmussen BB (2009). Dietary protein 

recommendations and the prevention of sarcopenia. 

Current opinion in clinical nutrition & metabolic care, 

12:86-90. 

[70] Zhao H, Cheng R, Song G, Teng J, Shen S, Fu X, et al. 

(2022). The effect of resistance training on the 

rehabilitation of elderly patients with sarcopenia: a meta-

analysis. International journal of environmental research 

and public health, 19:15491. 

[71] Otsuka Y, Yamada Y, Maeda A, Izumo T, Rogi T, 

Shibata H, et al. (2022). Effects of resistance training 

intensity on muscle quantity/quality in middle‐aged 

and older people: a randomized controlled trial. Journal 

of cachexia, sarcopenia and muscle, 13:894-908. 

[72] Kakehi S, Wakabayashi H, Inuma H, Inose T, Shioya M, 

Aoyama Y, et al. (2021). Rehabilitation nutrition and 

exercise therapy for sarcopenia. The world journal of 

men's health, 40:1. 

[73] Liu C, Cheng KY-K, Tong X, Cheung W-H, Chow SK-

H, Law SW, et al. (2023). The role of obesity in 

sarcopenia and the optimal body composition to prevent 

against sarcopenia and obesity. Frontiers in 

Endocrinology, 14:1077255. 

[74] Wei S, Nguyen TT, Zhang Y, Ryu D, Gariani K (2023). 

Sarcopenic obesity: epidemiology, pathophysiology, 

cardiovascular disease, mortality, and management. 

Frontiers in Endocrinology, 14:1185221. 

[75] Jiang M, Ren X, Han L, Zheng X (2024). Associations 

between sarcopenic obesity and risk of cardiovascular 

disease: a population-based cohort study among middle-

aged and older adults using the CHARLS. Clinical 

Nutrition, 43:796-802. 

[76] Kalinkovich A, Livshits G (2017). 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 research 

reviews, 35:200-221. 



 Zhang D., et al.                                                                                             Parameters’ Correlations for Sarcopenia

   

Aging and Disease • Volume 17, Number 3, June 2026                                                                         1445 

 

[77] Becroft L, Ooi G, Forsyth A, King S, Tierney A (2019). 

Validity of multi-frequency bioelectric impedance 

methods to measure body composition in obese patients: 

a systematic review. International Journal of Obesity, 

43:1497-1507. 

[78] Chen L-K, Liu L-K, Woo J, Assantachai P, Auyeung T-

W, Bahyah KS, et al. (2014). Sarcopenia in Asia: 

consensus report of the Asian Working Group for 

Sarcopenia. J Am Med Dir Assoc, 15:95-101. 

[79] Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, 

Cederholm T, Landi F, et al. (2010). Sarcopenia: 

European consensus on definition and diagnosis: Report 

of the European Working Group on Sarcopenia in Older 

People. Age and ageing, 39:412-423. 

[80] Hazır T, Köse MG, Esatbeyoğlu F, Ekinci YE, İşler AK 

(2020). Effects of High Intensity Exercise on Body 

Composition Measured by Bioelectrical Impedance 

Analysis. Spor Hekimligi Dergisi/Turkish Journal of 

Sports Medicine, 55. 

[81] Gonzalez MC, Barbosa-Silva TG, Heymsfield SB 

(2018). Bioelectrical impedance analysis in the 

assessment of sarcopenia. Current Opinion in Clinical 

Nutrition & Metabolic Care, 21:366-374. 

[82] Sergi G, De Rui M, Stubbs B, Veronese N, Manzato E 

(2017). Measurement of lean body mass using 

bioelectrical impedance analysis: a consideration of the 

pros and cons. Aging clinical and experimental research, 

29:591-597. 

[83] Yavuz SC (2011). Effect of maximal exercise on percent 

body fat using bioelectrical impedance analysis in active 

males. Journal of Human Sciences, 8:820-828. 

[84] Ugras S (2020). Evaluating of altered hydration status on 

effectiveness of body composition analysis using 

bioelectric impedance analysis. Libyan Journal of 

Medicine, 15. 

[85] Marra M, Sammarco R, De Lorenzo A, Iellamo F, Siervo 

M, Pietrobelli A, et al. (2019). Assessment of body 

composition in health and disease using bioelectrical 

impedance analysis (BIA) and dual energy X ‐ ray 

absorptiometry (DXA): a critical overview. Contrast 

media & molecular imaging, 2019:3548284. 

[86] Guglielmi G, Ponti F, Agostini M, Amadori M, Battista 

G, Bazzocchi A (2016). The role of DXA in sarcopenia. 

Aging clinical and experimental research, 28:1047-1060. 

[87] Messina C, Albano D, Gitto S, Tofanelli L, Bazzocchi A, 

Ulivieri FM, et al. (2020). Body composition with dual 

energy X-ray absorptiometry: from basics to new tools. 

Quantitative imaging in medicine and surgery, 10:1687. 

[88] Damilakis J, Adams JE, Guglielmi G, Link TM (2010). 

Radiation exposure in X-ray-based imaging techniques 

used in osteoporosis. European radiology, 20:2707-

2714. 

[89] Lee K, Shin Y, Huh J, Sung YS, Lee I-S, Yoon K-H, et 

al. (2019). Recent issues on body composition imaging 

for sarcopenia evaluation. Korean journal of radiology, 

20:205-217. 

[90] Huber FA, Del Grande F, Rizzo S, Guglielmi G, 

Guggenberger R (2020). MRI in the assessment of 

adipose tissues and muscle composition: how to use it. 

Quantitative imaging in medicine and surgery, 10:1636. 

[91] Hudson D, Heales C, Meertens R (2022). Review of 

claustrophobia incidence in MRI: A service evaluation 

of current rates across a multi-centre service. 

Radiography, 28:780-787. 

[92] Nieto Alvarez I, Madl J, Becker L, Amft O (2025). 

Patients' Experience to MRI Examinations — A 

Systematic Qualitative Review With Meta‐Synthesis. 

Journal of Magnetic Resonance Imaging, 61:480-493. 

[93] Albano D, Messina C, Vitale J, Sconfienza LM (2020). 

Imaging of sarcopenia: old evidence and new insights. 

European radiology, 30:2199-2208. 

[94] Chianca V, Albano D, Messina C, Gitto S, Ruffo G, 

Guarino S, et al. (2022). Sarcopenia: imaging assessment 

and clinical application. Abdominal Radiology, 47:3205-

3216. 

[95] Chen YL, Liu PT, Chiang HK, Lee SH, Lo YL, Yang 

YC, et al. (2022). Ultrasound Measurement of Rectus 

Femoris Muscle Parameters for Discriminating 

Sarcopenia in Community‐Dwelling Adults. Journal of 

Ultrasound in Medicine, 41:2269-2277. 

[96] Deng M, Yan L, Tong R, Zhao J, Li Y, Yin Y, et al. 

(2022). Ultrasound assessment of the rectus femoris in 

patients with chronic obstructive pulmonary disease 

predicts Sarcopenia. International Journal of Chronic 

Obstructive Pulmonary Disease:2801-2810. 

[97] Nies I, Ackermans L, Poeze M, Blokhuis T, Ten Bosch 

JA (2022). The Diagnostic Value of Ultrasound of the 

Rectus Femoris for the diagnosis of Sarcopenia in adults: 

A systematic review. Injury, 53:S23-S29. 

[98] Fu H, Wang L, Zhang W, Lu J, Yang M (2023). 

Diagnostic test accuracy of ultrasound for sarcopenia 

diagnosis: a systematic review and meta ‐ analysis. 

Journal of cachexia, sarcopenia and muscle, 14:57-70. 

[99] López Jiménez E, Neira Álvarez M, Ramírez Martín R, 

Alonso Bouzón C, Amor Andrés MS, Bermejo Boixareu 

C, et al. (2023). " Sarcopenia Measured by Ultrasound in 

Hospitalized Older Adults"(ECOSARC): multi-centre, 

prospective observational study protocol. BMC 

geriatrics, 23:163. 

[100] Andreoli A, Scalzo G, Masala S, Tarantino U, Guglielmi 

G (2009). Body composition assessment by dual-energy 

X-ray absorptiometry (DXA). La radiologia medica, 

114:286-300. 

 

 


