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Abstract 23 

Background & aims: The definition of sarcopenia has evolved substantially since its 24 

original operationalization as a muscle mass phenomenon. Multiple definitions have 25 

been proposed over the past decades, incorporating muscle strength and physical 26 

performance, yet no universally accepted diagnostic standard exists. This scoping 27 

review aimed to map and summarize the definitions, diagnostic criteria, assessment 28 

methods, and epidemiological patterns of sarcopenia in middle-aged and older adult 29 

populations. 30 

Methods: In order to capture the first 25 years of research, PubMed/MEDLINE, 31 

Embase, and Web of Science were searched from January 1998 to December 2023. 32 

Eligible studies were peer-reviewed articles that explicitly described how sarcopenia 33 

was diagnosed in populations with a mean or median age of at least 50 years. Data 34 

extraction was performed using a standardized chart, supported by a locally deployed 35 

large language model, with systematic dual-reviewer verification of all extracted data. 36 

Results: A total of 4,578 publications were included, yielding 5,241 sarcopenia-37 

definition instances and more than 21 million cumulative participant records. 38 

Publication volume increased markedly over time. The literature was geographically 39 

concentrated in East Asia, Europe and North America. Nearly all definitions were 40 

categorized into one of five taxonomic groups: muscle mass combined with function, 41 

muscle mass alone, function alone, risk assessment tools, and clinical classification. 42 

Definitions combining muscle mass plus function were the most frequently used 43 

(54.5%), with EWGSOP and AWGS criteria predominating, followed by muscle mass 44 

definitions (41.9%). Mass-only definitions nevertheless remained prominent in 45 

specialties relying heavily on computed tomography, particularly oncology. Muscle 46 

mass was assessed in 96.3% of studies, most commonly via bioelectrical impedance 47 

analysis, dual-energy X-ray absorptiometry, and computed tomography. Handgrip 48 

strength and gait speed were the most widely used functional measures. 49 
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Conclusions: Sarcopenia research has grown rapidly, but remains highly 50 

heterogeneous in its operationalization. Although consensus definitions have supported 51 

a shift toward multidimensional assessment, methodological variability continues to 52 

limit comparability between studies. Until a unified definition of sarcopenia is globally 53 

accepted, literature should explicitly report the definition applied, the instruments and 54 

protocols used to assess each component, and the thresholds adopted in order to 55 

enable meaningful cross-study comparability. 56 

 57 

Keywords: Sarcopenia; Muscle Strength; Body Composition; Muscle, Skeletal; Aged; 58 

Scoping Review 59 

 60 

1. Introduction 61 

Sarcopenia, a term coined by Rosenberg in 1989, was originally introduced to describe 62 

the age-related decline in skeletal muscle mass. This concept was primarily understood 63 

as a quantitative phenomenon: the progressive loss of muscle tissue. In 1998 64 

Baumgartner first operationalized the definition of sarcopenia as low appendicular 65 

skeletal muscle mass (adjusted for height) more than two standard deviations below 66 

the mean of a young adult population [1]. This early work shaped most research during 67 

the next decades. 68 

Over time, as evidence suggested that muscle strength and physical performance 69 

predicted adverse clinical outcomes more robustly than muscle mass alone [2], the 70 

paradigm shifted toward the inclusion of these components as diagnostic criteria [3, 4]. 71 

In 2010 the European Working Group on Sarcopenia in Older People consensus 72 

(EWGSOP1) defined sarcopenia as a syndrome involving low muscle mass together 73 

with low muscle strength and/or poor physical performance [4]. Later, EWGSOP2 74 

revised this framework by placing low muscle strength at the center of the diagnosis: 75 
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low strength indicates probable sarcopenia, low muscle mass confirms the diagnosis, 76 

and poor physical performance identifies severe sarcopenia [5]. 77 

More recent efforts, including the Global Leadership Initiative in Sarcopenia, have 78 

refined the concept by emphasizing muscle mass, muscle strength, and muscle-79 

specific strength as core components of sarcopenia, while treating impaired physical 80 

performance more as an outcome or severity marker than as a defining feature [6]. 81 

Despite the conceptual maturation, the operationalization of sarcopenia remains 82 

contested. Among oncology and surgical specialties, sarcopenia is still defined as a low 83 

skeletal muscle index (SMI), most often derived from computed tomography imaging 84 

[7-9]. This low CT-derived SMI has been associated with poorer overall survival, higher 85 

postoperative complication rates, chemotherapy toxicity, prolonged hospital stay and 86 

impaired recovery [10]. 87 

The term sarcopenia is used differently across disciplines. Consequently, 88 

epidemiological characterization of this condition is fragmented. Prevalence and 89 

outcomes are driven primarily by differences in diagnostic criteria, measurement tools, 90 

thresholds and reference populations rather than real biological differences. 91 

Given the considerable heterogeneity in sarcopenia definitions, diagnostic criteria, and 92 

assessment methods, a scoping review is an appropriate method to map and 93 

characterize the literature on this topic [11]. Therefore, the primary objective of this 94 

scoping review was to examine how sarcopenia was operationally defined and 95 

diagnosed in middle-aged and older adults. Secondary objectives were to: (1) 96 

characterize the methods used to assess muscle mass, muscle strength, and physical 97 

performance; (2) examine temporal changes in sarcopenia definitions and diagnostic 98 

approaches; and (3) describe geographical and clinical-context variation in the use of 99 

sarcopenia definitions. 100 

 101 
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2. Methods 102 

2.1. Study design 103 

We conducted a scoping review to map and synthesize the definitions, diagnostic 104 

criteria, assessment methods and epidemiological patterns used in the diagnosis of 105 

sarcopenia in middle-aged and older adults. This review was designed in accordance 106 

with the Joanna Briggs Institute methodology for scoping reviews and is reported 107 

following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 108 

extension for Scoping Reviews (PRISMA-ScR) [12]. The protocol was registered in the 109 

Open Science Framework (https://doi.org/10.17605/OSF.IO/ERDJW) and can be 110 

accessed online. 111 

2.2. Eligibility criteria 112 

Eligibility criteria were established a priori using the Population–Concept–Context 113 

framework recommended for scoping reviews. The population of interest comprised 114 

middle-aged and older adults, operationally defined as study populations with a mean 115 

or median age of at least 50 years. Articles were included regardless of sex, health 116 

status or care setting. Studies in which the overall sample had a mean or median age 117 

below 50 years were considered eligible only when a distinct subgroup aged 50 years 118 

or older could be identified and the proportion of sarcopenic participants could be 119 

determined for that subgroup. 120 

The concept of interest was the identification of sarcopenia. Studies were eligible if 121 

they explicitly described how sarcopenia was diagnosed, either by citing a recognized 122 

definition or by specifying the diagnostic criteria used to classify participants as 123 

sarcopenic. Studies addressing sarcopenia subtypes or composite conditions were 124 

eligible if an explicit operational definition of the underlying sarcopenia component was 125 

provided. 126 

Jo
urn

al 
Pre-

pro
of



We included peer-reviewed articles published (or available online) between January 1, 127 

1998, and December 31, 2023. The start date was chosen to capture the first 25 years 128 

following the first operational definition of sarcopenia. Articles published in English, 129 

French, Portuguese or Spanish were eligible. We excluded review articles, protocols, 130 

gray literature, conference abstracts, case reports and retracted publications. Studies 131 

that assessed components of sarcopenia, such as muscle mass, muscle strength, or 132 

physical performance alone, without explicitly defining sarcopenia, were excluded.  133 

2.3. Information sources and search strategy 134 

A comprehensive literature search was undertaken in PubMed/MEDLINE, Embase and 135 

Web of Science on October 15, 2025. Search strategies were adapted to each 136 

database using the term sarcopenia and database-specific indexing and limit functions. 137 

The complete electronic search string is provided in the Supplementary Table S1. 138 

2.4. Study selection 139 

All records retrieved through the database searches were imported into Covidence 140 

software (Veritas Health Innovation, Melbourne, Australia), and duplicate records were 141 

removed prior to screening. First, titles and abstracts were screened to identify 142 

potentially relevant studies, guided by the question: “Does this study identify 143 

sarcopenic patients in an adult population?” Second, the full texts were assessed 144 

against the inclusion and exclusion criteria. 145 

Two reviewers performed the article screening independently. Discrepancies were 146 

resolved through discussion, and if no consensus could be reached, the final decision 147 

was decided by a third reviewer. The study selection process is described in the results 148 

section using a PRISMA-ScR flow diagram, including the number of records identified, 149 

screened, assessed for eligibility, and included, together with reasons for exclusion at 150 

the full-text stage. 151 

2.5. Data extraction 152 
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Data extraction was performed using a standardized chart developed in Microsoft 153 

Excel. Before formal extraction, the data chart was piloted on a small sample of 10 154 

studies. Once finalized, the extraction framework was converted into a structured 155 

questionnaire for use with a locally deployed large language model (LLM) to support 156 

the initial extraction process. 157 

The selected LLM was LLaMA 3 operated via GPT4All and executed entirely offline on 158 

a local workstation with outbound connections disabled. For each included article, the 159 

full text was processed locally and submitted together with the structured questionnaire 160 

to generate an initial extraction. All extracted data were then independently verified by 161 

two reviewers against the source article. Disagreements were resolved by discussion, 162 

with unresolved discrepancies adjudicated by a third reviewer.  163 

The following data items were extracted: bibliographic details; year of publication; 164 

journal; country; study population and sample size; sex distribution; number of 165 

participants classified as sarcopenic, including sex-specific counts where available; 166 

cohort name (e.g. NHANES), when applicable; and whether the study focused on a 167 

specific disease. The final extraction chart and the structured LLM questionnaire were 168 

planned as appendices to the protocol and are provided in the Supplementary Material 169 

S2 and S3. 170 

2.6. Data synthesis 171 

Extracted data were organized in quantitative tables, narrative summaries, qualitative 172 

descriptions and graphical displays. We planned to provide a numerical overview of the 173 

included literature, including the number of studies by publication year, region and 174 

sample size, in order to characterize the evolution of the definition of sarcopenia. 175 

Definitions and diagnostic criteria used for sarcopenia diagnosis were compiled and 176 

compared across studies. Particular attention was given to the components of 177 
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sarcopenia, namely muscle mass, muscle strength and physical performance. We also 178 

examined how the use of diagnostic definitions evolved over time. 179 

2.7. Risk of bias assessment 180 

Keeping with the exploratory and mapping-oriented purpose of this scoping review, no 181 

formal risk-of-bias or methodological quality assessment of individual sources of 182 

evidence was conducted. 183 

2.8. Deviations from protocol 184 

Deviations from the original protocol were documented and reported as an appendix to 185 

the final review (Supplementary Material S4). 186 

2.9. Ethical considerations 187 

Ethics approval was not required because this review synthesizes data from previously 188 

published studies and does not involve the collection of primary data from human 189 

participants. All data were derived from publicly available scientific sources, and all 190 

original studies were appropriately acknowledged (supplementary material S5). The 191 

review was conducted in accordance with principles of transparency and 192 

methodological rigor. 193 

 194 

3. Results 195 

3.1. Study selection and characteristics 196 

Database searches identified 44,461 records. After duplication removal, 23,642 records 197 

underwent title and abstract screening, 5,495 full-text articles were assessed, and 198 

4,578 studies were included. The most common reasons for full-text exclusion were 199 

age below the eligibility threshold (n=415) and an unclear or absent sarcopenia 200 

definition (n=216); a complete list of exclusion reasons is provided in Supplementary 201 
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Material S6. The selection process is detailed in the PRISMA-ScR flow diagram (Fig. 202 

1). 203 

Since 1998, the volume of published studies has increased consistently: 38 studies in 204 

the first decade, 853 in the second and 3,578 from 2018 to 2023. An additional 109 205 

articles available online ahead of print in 2023 were incorporated into the final analysis. 206 

 207 

Fig. 1. - PRISMA-ScR flow diagram 208 

3.2. Definitions 209 

Across the 4,578 included publications, 4,197 applied a single sarcopenia definition, 210 

whereas 382 used two or more definitions, yielding a total of 5,241 definition instances. 211 

Each definition was first classified according to a specific label (e.g., EWGSOP1, 212 

AWGS 2014, SARC-F, PMI) and then grouped into broader categories (Table 1). With 213 

the exception of eight definitions, all could be classified into five taxonomic groups: 214 
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muscle mass plus function (MF), muscle mass (MM), function (FF), risk assessment 215 

tools (RA), and clinical classification (CC). 216 

 217 

Group Sub-group Definition Total, n (%) 

 Consensus AWGS 2014 [14] 437 (8.3) 

  AWGS 2019 [15] 693 (13.2) 

  EWGSOP1 [4] 633 (12.1) 

  EWGSOP2 [5] 678 (12.9) 

Muscle Mass  FNIH [16] 137 (2.6) 

       +  IWGS [17] 70 (1.3) 

Function  JSH [18] 55 (1.0) 

  SSCWD [19] 17 (0.3) 

  Other 13 (0.2) 

 Authors combination  124 (2.4) 

 Adjusted bSMI 81 (1.5) 

  hSMI 533 (10.2) 

  wSMI 149 (2.8) 

  Residuals 42 (0.8) 

  aSMI-L3 870 (16.6) 

  aSMI-other 76 (1.5) 

  PMI 199 (3.8) 

Muscle Mass  PMV 8 (0.2) 

  PLVI 16 (0.3) 

 Not adjusted Calf-C 9 (0.2) 

  CSA 43 (0.8) 
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  PMA 58 (1.1) 

  MD 12 (0.2) 

  PMD 17 (0.3) 

  Other * 40 (0.8) 

 Other Muscle Mass**  40 (0.8) 

  HG 51 (1.0) 

  SDOC [20] 15 (0.3) 

Function  Lower Limb Function 12 (0.2) 

  Other *** 8 (0.2) 

  SARC-F [21] 66 (1.3) 

Risk Assessment Tools  Ishii Score [22] 5 (0.1) 

  Other 5 (0.1) 

Clinical Classification  ICD codes 21 (0.4) 

Other   8 (0.2) 

* Includes appendicular muscle mass, skeletal muscle mass, lean muscle mass, total muscle mass, etc. 

** Includes several mass related assessments, like phase angle, creatinine/cystatin C, author created 

scores, combination of muscle area and muscle density, etc. 

*** Includes SPPB or 5CS 

AWGS, Asian Working Group for Sarcopenia; EWGSOP, European Working Group on Sarcopenia in 

Older People; FNIH, Foundation for the National Institutes of Health; IWGS, International Working 

Group on Sarcopenia; JSH, Japan Society of Hepatology; SDOC, Sarcopenia Definition and Outcomes 

Consortium; SSCWD, Society for Sarcopenia, Cachexia, and Wasting Disorders; bSMI, Skeletal Muscle 

Index adjusted to Body Mass Index; hSMI, Skeletal Muscle Index adjusted to height; wSMI, Skeletal 

Muscle Index adjusted to weight; aSMI-L3, Cross-sectional area of skeletal muscle normalized to 

height squared, measured at L3 vertebra; aSMI-other, Cross-sectional area of skeletal muscle 

normalized to height squared measured at other locations; PMI, Psoas Muscle Index; PMV, Psoas 

Muscle Volume; PLVI, Psoas:lumbar vertebral index; Calf-C, Calf Circumference; CSA, Cross Sectional 
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Area; PMA, Psoas Muscle Area; MD, Muscle Density; PMD, Psoas Muscle Density; HG, Hand Grip 

Strength; SPPB, Short Physical Performance Battery; 5CS, 5-time Chair Stand Test. 

 218 

Table 1. Classification of the definitions. 219 

MF definitions were the most frequently applied (n= 2,857; 54.5%). Among these, 220 

AWGS and EWGSOP predominated; their geographic distribution is illustrated in fig. 2. 221 

 222 

Fig. 2. Geographical distribution of AWGS and EWGSOP definitions. 223 

We subsequently examined the chronological evolution of the definitions used (Fig. 3). 224 

In the earliest years, MM-based definitions predominated. From 2012 onward, following 225 

the dissemination of consensus definitions proposed by scientific societies, MF-based 226 

definitions began to appear and increased progressively, surpassing MM-based 227 

definitions in 2017 (Table 2). A detailed annual distribution of definitions is provided in 228 

Supplementary Material S7. 229 
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 230 

Fig. 3. Chronological variation of the definitions; mass-based definitions dominated the 231 

early period, being surpassed by consensus definition. 232 

Group Sub-group 1998-2011 2012-2016 2017-2023 Total 

MF Consensus - 236 (35.6) 2512 (56.3) 2733 (52.1) 

 Authors combination - 26 (3.9) 98 (2.2) 124 (2.4) 

 Adjusted 102 (85.7) 344 (51.9) 1528 (34.3) 1974 (37.7) 

MM Not adjusted 9 (7.6) 32 (4.8) 138 (3.1) 179 (3.4) 

 Other MM 1 (0.8) 7 (1.1) 32 (0.7) 40 (0.8) 

FF  7 (5.9) 12 (1.8) 52 (1.2) 86 (1.6) 

RA  - 6 (0.9 70 (1.6) 76 (1.5) 

CC  - - 21 (0.5) 21 (0.4) 

Other  - - 8 (0.2) 8 (0.2) 

Results are expressed in: number (%); percentages may not sum to 100% due to rounding. 

MF, Muscle mass plus function; MM, Muscle mass; FF, Function; RA, Risk assessment; CC, Clinical 

classification 

 233 

Table 2. Definitions by group and chronological variation. 234 
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 235 

3.3. Participant records 236 

Overall, 21,584,794 participant records were included in this review. Among studies 237 

reporting sex distribution (n= 4,453), women represented the majority (57.2%; n = 238 

11,068,801). Studies conducted exclusively in female populations were more common 239 

than male-only studies (355 vs 208). 240 

While nearly half of all studies (48.3%) enrolled fewer than 200 participants, larger 241 

studies (≥1,000 participants) accounted for 15.8% of all studies but contributed 242 

disproportionately to the total sample size. The 25 studies enrolling 100,000 or more 243 

participants (0.6% of studies) accounted for 80.8% of all participants (n = 17,439,008); 244 

one single paper accounted for 43.4% of all the participants (9,365,419 participants) 245 

[13]. 246 

3.4. Age distribution 247 

In accordance with eligibility criteria, all included studies reported a mean or median 248 

age of at least 50 years. The included literature was predominantly focused on 249 

populations aged 60–79 years (Table 3). Only four studies reported a mean or median 250 

age above 90 years. 251 

A. Overall study characteristics 

Characteristic Studies, n (%) Participants, n (%) 

 4,578 21,584,794 

B. Sex distribution ᵃ 

Characteristic Studies, n (%) Participants, n (%) 

Men — 8,269,575 (42.8) 

Women — 11,068,801 (57.2) 
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Single-sex studies 563 — 

Male only studies 208 (36.9) 111,066 (40.8) 

Female only studies 355 (63.1) 161,185 (59.2) 

   

C. Number of participants per study 

Participants per study Studies, n (%) Participants, n (%) 

0–99 1,100 (24.0) 66,521 (0.3) 

100–199 1,112 (24.3) 157,665 (0.7) 

200–299 570 (12.5) 138,666 (0.6) 

300–399 365 (8.0) 124,029 (0.6) 

400–499 226 (4.9) 100,970 (0.5) 

500–999 484 (10.6) 341,337 (1.6) 

1,000–9,999 622 (13.6) 1,771,366 (8.2) 

10,000–99,999 74 (1.6) 1,445,232 (6.7) 

≥100,000 25 (0.6) 17,439,008 (80.8) 

   

D. Population type 

Characteristic Studies, n (%) Participants, n (%) 

General population 1,801 (39.3) 17,280,807 (80.1) 

Specific disease/condition/treatment 2,777 (60.7) 4,303,987 (19.9) 

   

E. Data source   

Characteristic Studies, n (%) Participants, n (%) 

Known cohort/dataset 1,163 (25.4) 20,483,354 (94.9) 

Original-data studies 3,415 (74.6) 1,101,440 (5.1) 
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Characteristic Participants per study, median IQR Range 

Known cohort/dataset 939 (365-2,862) 20–9,365,419 

Original-data studies 155 (88-302) 4–31,258 

Overall 207 (100-536) 4–9,365,419 

   

F. Age distribution   

Age category (years) 

Studies reporting  

mean age, n (%) 

Studies reporting 

median age, n (%) 

50–59 630 (18.1) 205 (18.6) 

60–69 1,228 (35.3) 505 (45.7) 

70–79 1,310 (37.6) 327 (29.6) 

≥80 317 (9.1) 68 (6.2) 

IQR Interquartile range (Q1-Q3) 

ᵃ In 125 studies sex distribution was not reported 

 

Table 3. Characteristics of the included studies and study populations 252 

3.5. Geographical distribution 253 

The literature was predominantly comprised of Asian, American, and European studies 254 

(fig. 4). Recruitment was largely conducted within single-country settings, with Japan, 255 

China and South Korea being the most frequent (Supplementary Table 8). 256 
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 257 

Fig. 4. Geographical distribution of studies 258 

3.6. Data sources 259 

Most studies (74.6%) used de novo or original data collection, whereas 25.4% involved 260 

secondary analysis of established population-based cohorts or datasets (e.g., 261 

KNHANES). Despite being the minority of studies, known-cohort studies enrolled 262 

substantially more participants (94.9%; n = 20,483,354). Most common cohorts used 263 

are described in Supplementary Table 8. 264 

3.7. Clinical populations 265 

Most papers focused on populations with a specific disease, condition or treatment 266 

(60.7%; n = 2,777). Oncology was the clinical area with the largest number of 267 

publications, and chronic liver disease was the pathology most studied. A 268 

comprehensive overview of clinical areas and conditions are listed in Supplementary 269 

Table 9. 270 

3.8. Sarcopenia components 271 

3.8.1. Muscle Mass 272 
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Muscle mass (MM) was assessed in 4,409 studies (96.3%). The most frequently used 273 

methods for MM assessment were bioelectrical impedance analysis (BIA), dual-energy 274 

X-ray absorptiometry (DXA), and computed tomography (CT), which together 275 

accounted for 91.7% of all MM assessments (Table 4). 276 

Method n (%) 

Anthropometric Equation 132 (2.9) 

BIA 1613 (35.7) 

Calf-C 106 (2.3) 

CT 1404 (31.0) 

DXA 1131 (25.0) 

MAMC 30 (0.7) 

MRI 57 (1.3) 

US 26 (0.6) 

Other 24 (0.5) 

  

CT/MRI n (%) Most common location n (%) 

Head 5 (0.3) Masseter muscle 2 (0.1) 

Cervical 34 (2.3) C3 34 (2.3) 

Thoracic 34 (2.3) T12 15 (1.0) 

Lumbar 1333 (91.2) L3 1256 (86.0) 

Lower Limb 21 (1.4) Mid-thigh 12 (0.8) 

Multiple 8 (0.5)   

Other 13 (0.9)   

Not specified 13 (0.9)   
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Parameter n (%) 

aSMI 1201 (25.6) 

bSMI 119 (2.5) 

hSMI 2207 (47.1) 

wSMI 203 (4.3) 

Kg* 113 (2.4) 

cm** 110 (2.3) 

cm²*** 75 (1.6) 

Other 660 (14.1) 

* Includes appendicular muscle mass, skeletal muscle mass, lean muscle mass, total muscle mass, etc. 

** Includes perimeters and thicknesses 

*** Areas, e. g. Cross sectional area, Mid upper arm muscle area 

BIA, Bioelectrical impedance analysis; Calf-C, Calf circumference; CT, Computed tomography; DXA, 

Dual-energy X-ray absorptiometry; MAMC, Mid-arm muscle circumference; MRI, Magnetic 

resonance imaging; US, ultrasonography; aSMI, Cross-sectional area of skeletal muscle 

normalized to height squared; bSMI, Skeletal Muscle Index adjusted to Body Mass Index; 

hSMI, Skeletal Muscle Index adjusted to height; wSMI, Skeletal Muscle Index adjusted to 

weight 

 277 

Table 4. Muscle mass assessment 278 

Overall, CT and magnetic resonance imaging (MRI) were used in 32.3% of studies. 279 

There was substantial heterogeneity in the anatomical sites used for body composition 280 

assessment. The third lumbar vertebra (L3) was the most frequently reported location. 281 

However, even within the same anatomical site, considerable methodological variation 282 

was observed; for example, assessments at the L3 level were performed at the 283 

superior endplate, mid-vertebral level, caudal endplate, or at slices where both 284 
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transverse processes were visible, among other approaches. This methodological 285 

variability limited direct comparability between studies. A comprehensive list of 286 

anatomical locations used for CT/MRI-based assessments is provided in 287 

Supplementary Material S10. 288 

A subset of studies quantified MM using more than one parameter simultaneously; for 289 

example, both appendicular lean mass (ALM) and height-adjusted skeletal muscle 290 

index (hSMI) could be used concurrently to define low MM. Overall, hSMI was the most 291 

widely used muscle mass metric (47.1%), followed by the cross-sectional area of 292 

skeletal muscle normalized to height squared (aSMI) in 25.6% (Table 4). 293 

3.8.2. Muscle function 294 

Muscle strength was assessed in 2,758 studies, 160 of which employed more than one 295 

method simultaneously. Handgrip strength was the most commonly used (table 5). 296 

Gait speed (GS) was tested in 2,673 papers. Considerable heterogeneity was 297 

observed in its assessment. Studies described different walking distances, effort level 298 

(maximum versus usual GS) and the presence of acceleration and deceleration zones 299 

(table 5). 300 

Muscle Strength (n = 2929) 

Method n (%) 

Hand Grip Strength 2664 (91.0) 

5-time Chair Stand 94 (3.2) 

Lower Limb Strength (Other) 124 (4.2) 

Other 47 (1.6) 

Gait Speed (n =2673) 

Distance n (%) 

2.44 m (4 foot) 50 (1.9) 
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4 m 638 (23.9) 

5 m 121 (4.5) 

6 m 468 (17.5) 

10 m 106 (4.0) 

Other 148 (5.5) 

Not specified 1142 (42.7) 

 301 

Table 5. Muscle function assessment 302 

3.9. Proportion of participants classified as sarcopenic 303 

The proportion of participants classified as sarcopenic varied substantially by definition 304 

group (table 6). Using MF definitions, sarcopenia was present in 8.1% of participant 305 

records and was more common in women than men. Clinical classification (based on 306 

ICD coding) detected the lowest proportion (2.5%) while MM definitions yielded the 307 

highest percentage (28.0%). 308 

 309 

Definition 

Group Studies 

Population (n) Proportion (%)* 

Total Men Women Total Men Women 

MF 1498 3386742 1549092 1837650 8.1 7.2 8.9 

MM 1263 843987 400795 443192 28.0 30.4 25.8 

FF 30 49774 23450 26324 16.3 17.2 15.6 

RA 38 22611 9787 12824 20.8 17.5 23.4 

CC 15 10350622 4239687 6110935 2.5 3.0 2.2 

Overall 2844 14653736 6222811 8430925 5.4 5.9 4.9 
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MF, Muscle mass plus function; MM, Muscle mass; FF, Function; RA, Risk assessment; CC, Clinical 

classification 

* Percentages represent descriptive cumulative proportions of participant records classified as 

sarcopenic and should not be interpreted as prevalence estimates. Participant records are not 

independent across publications because of repeated use of established cohorts and datasets. 

 310 

Table 6. Proportion of participants classified as sarcopenic 311 

 312 

Because many of MM definitions used percentile-based cutoffs to define sarcopenia 313 

(e.g., hSMI lowest tertile), we further examined whether the high proportion observed 314 

could be due to this approach. The proportion remained high both when analyses were 315 

restricted to studies using external predefined cutoffs (e.g. Prado, Martin, Baumgartner) 316 

or after exclusion of studies using internal study-specific percentile-based cutoffs 317 

(Supplementary Tables S11.1 and S11.2). 318 

 319 

4. Discussion 320 

This scoping review provides a comprehensive map of how sarcopenia has been 321 

defined, measured, and reported across 4,578 studies published from 1998 to 2023. 322 

The literature has expanded rapidly but remains highly heterogeneous in terms of 323 

definitions, assessment methods and prevalence estimates. 324 

The increasing number of studies suggests that sarcopenia has become widely 325 

recognized, however this knowledge expansion is not accompanied by conceptual 326 

definition convergence. 327 

Sarcopenia evolved from strict MM definitions [1]. Scientific groups, such as EWGSOP 328 

[4, 5] and AWGS [14, 15, 23], added muscle function, since muscle strength and 329 
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physical performance are more closely linked to outcomes than muscle mass alone [2, 330 

24-26]. Instead of adding operational rigor, consensus definitions introduced even more 331 

heterogeneity with the appearance of modified versions, local adaptations, study-332 

specific cutoffs, different measurement tools and methods for the same sarcopenia 333 

component [27-32]. 334 

Currently generalization of the information available can be problematic, since most of 335 

the studies are done in parts of Asia, Europe and Americas. Areas like Central Asia 336 

and Africa are underrepresented. Established population-based cohorts (e.g. 337 

KNHANES) [33] or datasets (e.g. US Centers for Medicare & Medicaid Services) 338 

dominate [13]. In a participant-weighted analysis, results may be statistically dominated 339 

by a few number of datasets. In opposition, in study-weighted analysis, results are 340 

extracted from small sample studies and differences may reflect more methodological 341 

issues than population differences.  342 

Sarcopenia is increasingly used as a prognostic marker in disease-specific contexts 343 

[34-38]. Oncology and liver diseases are strongly represented because CT imaging is 344 

common. The results that arise from these studies need to be interpreted with caution, 345 

since disease-associated sarcopenia may not be equivalent to age-related sarcopenia. 346 

In cancer [39], cirrhosis [40], trauma [41] or CKD populations [42], muscle loss may 347 

reflect disease-related catabolism, inflammation, malnutrition, or treatment effects [43, 348 

44] rather than aging-related muscle decline alone. 349 

The high frequency of muscle mass assessment shows that muscle quantity remains 350 

central in sarcopenia research. However, the diversity of modalities (BIA, DXA, CT) 351 

and anatomical measurement sites limits comparability. In imaging-based studies, even 352 

apparently similar L3-based assessments may differ. 353 
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Although handgrip strength and gait speed are widely used, their apparent simplicity 354 

may obscure important protocol differences, which may affect whether individuals fall 355 

above or below diagnostic cutoffs. 356 

The heterogeneity observed in this review highlights the need for reporting standards in 357 

sarcopenia studies. Information about the exact definition, measurement tools and 358 

protocols and specified cutoffs, should be detailed in order to allow comparisons across 359 

studies. 360 

The wide variation in the proportion of participants classified as sarcopenic illustrates 361 

that sarcopenia prevalence is the product of population characteristics, measurement 362 

tools, operational criteria, and cutoff selection. The taxonomic group termed “Clinical 363 

Classification” had the lowest proportion. This group is based on ICD coding, which 364 

depends on recognition, assessment, documentation, and reimbursement context. This 365 

shows that sarcopenia remains underdiagnosed in routine clinical practice and that 366 

previous studies that estimated sarcopenia burden may have underestimated its 367 

importance [45, 46]. 368 

The major strength of this review is surely its unprecedented scale in sarcopenia 369 

literature: 4,578 studies, 21.6 million participant records from 1998 to 2023. This 370 

represents the most comprehensive synthesis of sarcopenia definitions and diagnostic 371 

methods conducted to date. The broad search strategy reduced the likelihood that 372 

eligible publications were missed. The inclusion of an LLM-assisted data extraction 373 

workflow with systematic dual-reviewer verification demonstrates an innovative 374 

approach to managing exceptionally large volumes of information. 375 

Several limitations must be acknowledged. First, the eligibility criteria were terminology-376 

dependent. This review was designed to map how sarcopenia has been explicitly 377 

operationalized. Consequently, studies in which low muscle mass or reduced strength, 378 

were classified as sarcopenia were eligible, whereas similar studies reporting these 379 
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abnormalities without explicitly using the term sarcopenia were excluded. Second, 380 

scoping reviews do not include formal quality assessment or risk of bias evaluation of 381 

individual studies. The findings presented in this review reflect the totality of published 382 

evidence without weighting methodological quality. Therefore, it means that low-quality 383 

papers contributed equally to the main finding as studies conducted with greater 384 

methodological rigor. Finally, the included literature is skewed toward high-income 385 

countries (East Asia, Europe and North America). This further prevents the 386 

generalization of the findings and has important implications for cutoff applicability, 387 

given that consensus thresholds are mainly derived from Asian or European reference 388 

populations. 389 

 390 

5. Conclusion 391 

This scoping review offers the most comprehensive mapping of sarcopenia definitions, 392 

diagnostic criteria and assessment methods to date, including 4,578 studies and more 393 

than 21 million participant records, since 1998. Sarcopenia research has expanded 394 

substantially, making sarcopenia a widely recognized topic and a research priority. 395 

The main finding of this review is that sarcopenia remains operationally fragmented, 396 

which has important clinical and research consequences. Evidence that muscle 397 

strength and physical performance predict adverse outcomes more robustly than 398 

muscle mass alone has justified the shift from MM-based definitions to definitions 399 

incorporating functional measures. 400 

This conceptual evolution resulted in two main, substantially different, models for the 401 

diagnosis of sarcopenia: MM and MF definitions. This produced a literature in which 402 

studies investigating the same condition are in practice measuring overlapping but 403 

partially different concepts. 404 
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Therefore, until a definitive consensus establishes how sarcopenia should be 405 

operationalized, sarcopenia research should specify the exact definition applied, 406 

whether original criteria or modified versions, the components assessed, 407 

measurements tools and protocol used, and thresholds. Without this information, 408 

further growth in the literature will increase volume without improving comparability. 409 

From a clinical perspective, the most useful definition will likely be the one that best 410 

predicts patient-centered adverse outcomes, including physical disability, poor quality 411 

of life, institutionalization, treatment complications, and mortality. 412 

 413 
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