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Abstract 
Background
The 2019 European Working Group on Sarcopenia in Older People (EWGSOP2) and the Sarcopenia Definitions and Outcomes Consortium (SDOC) have recently proposed sarcopenia definitions. However, comparisons of the performance of these approaches in terms of thresholds employed, concordance in individuals, and prediction of important health-related outcomes such as death are limited. We addressed this in a large multinational assembly of cohort studies that included information on lean mass, muscle strength, physical performance and health outcomes.
Methods
White men from the Health Aging and Body Composition (Health ABC) Study, Osteoporotic Fractures in Men (MrOS) Study cohorts (Sweden, United States), the Hertfordshire Cohort Study (HCS) and the Sarcopenia and Physical impairment with advancing Age (SarcoPhAge) Study were analysed. Appendicular lean mass (ALM) was ascertained using DXA; muscle strength by grip dynamometry; and usual gait speed over courses of 2.4 – 6m. Deaths were recorded and verified. Definitions of sarcopenia were as follows: EWGSOP2 (grip strength <27 kg and ALM index <7.0 kg/m2); SDOC (grip strength <35.5 kg and gait speed <0.8 m/s); and Modified SDOC (grip strength <35.5 kg and gait speed <1.0 m/s). Cohen’s kappa statistic was used to assess agreement between original definitions (EWGSOP2 and SDOC). Presence versus absence of sarcopenia according to each definition in relation to mortality risk was examined using Cox regression with adjustment for age and weight; estimates were combined across cohorts using random-effects meta-analysis.
Results 
[bookmark: _Hlk94605646]Mean (SD) age of participants (n=9170) was 74.3 (4.9) years; 5929 participants died during a mean (SD) follow-up of 12.1 (5.5) years. The proportion with sarcopenia according to each definition was: EWGSOP2 (1.1%); SDOC (1.7%); and Modified SDOC (5.3%). Agreement was weak between EWGSOP2 and SDOC (κ=0.17). Pooled hazard ratios (95% CI) for mortality for presence versus absence of each definition were: EWGSOP2 (1.76 (1.42, 2.18), I2: 0.0%); SDOC (2.75 (2.28, 3.31), I2: 0.0%); and Modified SDOC (1.93 (1.54, 2.41), I2: 58.3%). 
Conclusions
There was low prevalence and poor agreement among recent sarcopenia definitions in community-dwelling cohorts of older white men. All indices of sarcopenia were associated with mortality. The strong relationship between sarcopenia and mortality, regardless of the definition, illustrates that identification of appropriate management and lifecourse intervention strategies for this condition is of paramount importance.
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Introduction
Sarcopenia is a condition characterized by the excessive loss of muscle mass and strength with age; it is associated with physical disability, mortality, considerable healthcare costs and significant loss of quality of life [1, 2]. Since 2016, sarcopenia has been recognised as a defined condition according to the International Classification of Diseases, Clinical Modification [3]. However, there is currently no consensus definition for making the diagnosis of sarcopenia. 
Various algorithms for defining sarcopenia have been proposed. In 2010, The European Working Group on Sarcopenia in Older People (EWGSOP) defined sarcopenia as low lean mass and either low strength (grip strength) or function (gait speed) [4]. The revised definition in 2019 (EWGSOP2) regards strength, rather than lean mass, as the primary sarcopenia component and defines probable sarcopenia as having low strength; confirmed sarcopenia as having low strength and lean mass; and severe sarcopenia as having low strength, lean mass and impaired function [5]. The Foundation for the National Institutes of Health (FNIH) Sarcopenia Project, which was data driven, defined sarcopenia in 2014 as having weak grip strength and low appendicular lean mass (ALM) adjusted for body mass index [6]. An updated version of this definition was proposed in 2020 by the Sarcopenia Definitions and Outcomes Consortium (SDOC) which defines sarcopenia in terms of weak grip strength and slow gait speed [7]. Both SDOC and EWGSOP2 reflect research over the previous decade showing the greater capacity of muscle strength and function in comparison with lean mass in predicting risk of adverse health outcomes [7-9].
It is well established that the prevalence of sarcopenia varies depending on geographical region and the age, ethnicity and setting of the population sampled as well as the definition used [10]. However, comparisons of recent definitions (EWGSOP2 and SDOC) in terms of thresholds employed; concordance in individuals; and prediction of important health-related outcomes such as death; are limited. Furthermore, to our knowledge, no studies have examined these definitions in terms of their prevalence or relationship with mortality when the original thresholds were modified. Such knowledge may enhance these definitions by providing more clinically relevant thresholds. We addressed these research areas in a large multinational assembly of cohort studies comprising: the Health Aging and Body Composition (Health ABC) Study (US); Osteoporotic Fractures in Men (MrOS) Study cohorts (Sweden, United States); the Hertfordshire Cohort Study (HCS) (UK); and the Sarcopenia and Physical impairment with advancing Age (SarcoPhAge) Study (Belgium). Interpretation of the analyses was restricted to white men as these participants formed the vast majority of those in this assembly of cohort studies.

Methods 
[bookmark: _Hlk93308103]Cohort studies used for analysis
The Health ABC Study comprises 3075 US men and women, aged 70-79 years, who were recruited in 1997-1998 [11]. A random sample of white and all black Medicare beneficiaries from around Memphis and Pittsburgh was obtained. Sampled participants received a mailing followed by a telephone eligibility screen. Eligible participants were those reporting no difficulty in walking one quarter of a mile or climbing 10 stairs. Individuals with the following characteristics were excluded: clear cognitive impairment; inability to communicate with the interviewer; having a life-threatening illness or difficulties with activities of daily living; requiring a walking aid; currently enrolled in a lifestyle intervention trial; or having an intention of moving outside the area within three years. Written informed consent was provided by all participants and the study was approved by the institutional review boards at the University of Tennessee and the University of Pittsburgh.
MrOS US comprises 5994 men, aged 65-100 years who were enrolled at six sites between March 2000 and April 2002 [12] using a variety of recruitment strategies. Common strategies included: use of voter registration and participant databases; mailings from the Department of Motor Vehicles; common seniors’ newspaper features and advertisements; and targeted presentations. MrOS Sweden comprises 3014 men, aged 69-81 years who were recruited from Gothenburg, Malmö and Uppsala using national population registers between October 2001 and December 2004 [13]. Participants needed to be able to walk without help and be without bilateral hip replacements to be eligible for MrOS Sweden or MrOS US. Self-defined race and ethnicity was recorded. All participants gave written informed consent and ethics committees and institutional review boards at each centre approved the study.
[bookmark: _Hlk106531556]The HCS comprises 2997 men and women born in Hertfordshire from 1931-1939 and who still lived there in 1998-2004 when they attended a baseline home interview and research clinic for a detailed characterisation of their health status; the study has been described in detail previously [14, 15]. A subset of HCS participants who underwent whole body DXA in 2011-2012 (n=346) were analysed in this manuscript. The HCS baseline investigations had ethical approval from the Hertfordshire and Bedfordshire Local Research Ethics Committee and all participants gave written informed consent; ethical approval was obtained for all HCS follow-up studies.
The Sarcopenia and Physical impairment with advancing Age (SarcoPhAge) Study comprises 534 participants, aged 65 years or older, who were recruited from an outpatient clinic in Liège, Belgium and by press advertisement between June 2013 and June 2014. Participants with an amputated limb or a BMI>50 kg/m2 were excluded. All participants provided written informed consent and the study was approved by the ethics committee of the University Teaching Hospital of Liège. Further details of this study have been published previously [16].

Ascertainment of participant characteristics
Height and weight were measured and used to derive body mass index (BMI). ALM was ascertained using DXA; muscle strength by grip dynamometry; and customary gait speed was measured as a marker of mobility. ALM index was calculated by dividing ALM (kg) by height2 (m). Deaths were recorded and verified; mean (SD) follow-up times (years) were as follows: Health ABC 11.6 (4.9), MrOS US 13.0 (5.7), MrOS Sweden 11.4 (4.8), HCS 6.4 (1.2), SarcoPhAge 4.4 (1.1). Further details on the ascertainment of this information in each cohort, including the procedures and measurement devices used, is provided in Supporting Information Table S1.

Definitions of sarcopenia
[bookmark: _Hlk109651978]Sarcopenia was defined according to EWGSOP2 [5] and SDOC [7]. Modified thresholds for grip strength (use of the SDOC grip strength threshold of <35.5 kg in the EWGSOP2 definition as opposed to <27 kg) and gait speed (<1.0 m/s in the SDOC definition as opposed to <0.8 m/s) were also used in analyses. These sarcopenia definitions, along with the original and modified thresholds for the sarcopenia components, are presented in Table 1. 

Analytical cohort
There is evidence that components of sarcopenia and overall prevalence of sarcopenia vary according to ethnicity [17, 18]; to ensure comparability between cohorts, analyses were restricted to white participants in MrOS US and Health ABC (over 95% of participants were of white ethnicity in HCS, MrOS Sweden and SarcoPhAge). As 88% of the remaining participants were men, the sample for the main analysis was then additionally restricted to men with complete data regarding all variables used in analysis (n=9170). A flow diagram for the analysis sample regarding each cohort is presented in Supporting Information Figure S1. Sex-stratified sensitivity analyses were performed among all ethnicities as described below. Analyses were conducted using Stata, release 17.0.

Statistical methods
Participant characteristics, including the proportion with sarcopenia according to each definition, were described using summary statistics among the entire sample and within each cohort. Cohen’s kappa statistic was used to assess agreement between the original sarcopenia definitions (EWGSOP2 and SDOC). Original and modified thresholds for EWGSOP2 and SDOC components (low grip strength and gait speed) in relation to their distributions were examined using histograms. The prevalence of EWGSOP2 and SDOC components and definitions according to age bands was examined using original and modified thresholds. Finally, components and definitions (based on original and modified thresholds) were examined in relation to mortality risk in each cohort using Cox regression with adjustment for age and weight; estimates from each cohort were combined using random-effects meta-analysis to address the heterogeneity observed between cohorts, as reflected by high I2 values for some exposures. These mortality associations were also compared between the following EWGSOP2 categories: Probable (grip strength <27 kg), Confirmed (grip strength <27 kg and ALM index <7.0 kg/m2) and Severe (grip strength <27 kg, ALM index <7.0 kg/m2 and gait speed <0.8 m/s).

Sensitivity analyses
The following analyses were repeated among men and women separately (all ethnicities included): construction of histograms to illustrate thresholds of sarcopenia components in relation to their distributions; and examination of components and definitions (based on original and modified thresholds) in relation to mortality risk after adjustment for age and weight. Some thresholds for components differed between men and women as illustrated in Table 1.
For participants who did not have their gait speed assessed over 6m (8ft in HCS and 4m in SarcoPhAge), prevalences of sarcopenia were re-calculated when gait speeds in these two cohorts were converted to those expected over 6m using previously published equations  [19, 20]. The results presented below are based on the raw gait speed values.

Results
Participant characteristics of the whole sample of white men and within each cohort are presented in Table 2. Mean (SD) age of the analysis sample (n=9170) was 74.3 (4.9) years. The proportion of participants with sarcopenia in the overall cohort according to each definition was as follows: EWGSOP2 (1.1%); SDOC (1.7%); Modified EWGSOP2 (5.5%); and Modified SDOC (5.3%). Within each cohort, agreement was weak (data not shown) between EWGSOP2 and SDOC (κ=0.0-0.4 depending on cohort and κ=0.17 when cohorts were pooled). Overall, 64.7% of participants died during follow-up (mean (SD) follow-up time to death or until participants were censored was 12.1 (5.5) years). Participant characteristics of each cohort, stratified by sex, are presented in Supporting Information Table S2.
Histograms for grip strength, gait speed and ALM index are presented in Figure 1, with shading to indicate the proportion of values which were below various thresholds. A much higher proportion had low grip strength according to the SDOC threshold of <35.5 kg (20.7%) compared to the EWGSOP2 threshold of <27 kg (3.5%). When the SDOC gait speed threshold was increased from <0.8 m/s to <1.0 m/s, the proportion with low gait speed increased considerably from 3.3% to 12.9%.
The prevalence of sarcopenia components and definitions according to age bands is presented in Figure 2. For components and definitions using the SDOC grip strength threshold (<35.5 kg) and the Modified SDOC gait speed threshold (<1.0 m/s), generally a steeper gradient of increased prevalence with advancing age was observed compared to other definitions using the EWGSOP2 grip strength threshold (<27 kg) and the original SDOC gait speed threshold (<0.8 m/s).
Hazard ratios for the presence versus absence of EWGSOP2 and SDOC components and definitions (original and modified) in relation to mortality risk, after adjustment for age and weight, are presented in Figure 3. Higher hazard ratios were observed for low grip strength and gait speed according to the original thresholds as these lower thresholds reflect poorer muscle strength and function. However, low grip strength and gait speed and the overall sarcopenia definitions were significantly associated with mortality risk regardless of whether the original or modified (less stringent) thresholds were used. For example, men meeting the Modified SDOC criteria for sarcopenia (grip strength <35.5 kg and gait speed <1.0 m/s) had a 1.9 fold increase (hazard ratio [95% CI]: 1.93 [1.54, 2.41], I2: 58.3%) in risk of mortality compared to those without this condition.
Progressively higher risks of mortality were observed for probable, confirmed and severe EWGSOP2 categories (Figure 4). This was the case with the original thresholds proposed and also when grip strength and gait speed thresholds were modified in the definitions to <35.5 kg and <1.0 m/s respectively.

Results from sensitivity analyses
[bookmark: _Hlk113876908]The proportion with low grip strength and gait speed according to various thresholds was similar when men of all ethnicities were included (Supporting Information Figure S2); higher prevalences were observed among women for both gait speed thresholds and for the EWGSOP2 grip strength threshold (Supporting Information Figure S3). Similar patterns were observed regarding the mortality associations when participants of all ethnicities were included in sex-stratified analysis (Supporting Information Figure S4 and Supporting Information Figure S5); however, some of the associations among women did not reach statistical significance, possibly due to the smaller sample size. 
When gait speed in HCS and SarcoPhAge were converted to 6m, mean gait speed was higher and prevalence of low gait speed and SDOC sarcopenia was lower in these cohorts compared to when the raw gait speed values were used. However, this resulted in minimal changes to the summary statistics for the overall analysis sample and no changes regarding findings on the association between sarcopenia definitions and risk of mortality (data not shown).

Discussion
This study suggests a low prevalence of sarcopenia in relatively healthy community-dwelling white men irrespective of criteria used to define sarcopenia and establishes poor agreement between the EWGSOP2 and SDOC sarcopenia definitions as originally described. Furthermore, our analyses demonstrate the substantial differences in prevalence of sarcopenia that arise when different thresholds for grip strength and gait speed are adopted. Although thresholds can be selected through data driven approaches such as classification and regression tree analysis, the designation of thresholds of grip strength and gait speed used to identify individuals with sarcopenia is somewhat arbitrary given the continuous distributions of these measures. As the prevalence of abnormality increases by moving the threshold towards the centre of the distribution, there will be a corresponding attenuation of the hazard ratio for clinical outcomes between individuals with and without the condition. Our data suggest that relatively modest alteration of these thresholds, such as using the modified versus original SDOC criteria, can deliver higher prevalence rates for sarcopenia in older population samples, while preserving the capacity to predict key health outcomes such as death. Key findings were similar in sensitivity analyses comprising men and women of all ethnicities. These findings, if replicated and validated, may contribute to the development of a global consensus on the definition of sarcopenia.
Thus, among these community-dwelling cohorts of older men, the EWGSOP2 grip strength threshold (<27 kg) was at the 3.5th centile on the distribution whereas the SDOC grip strength threshold (<35.5 kg) was at the 20.7th centile. With little effort, thresholds can be harmonised such that the SDOC grip strength threshold is used in the EWGSOP2 definition and the International Working Group on Sarcopenia gait speed threshold (<1.0 m/s) is used in the SDOC definition. Adoption of these thresholds in the SDOC definition (grip strength <35.5 kg and gait speed <1.0 m/s) among white men in our study (mean (SD) age: 74.3 (4.9) years) led to a prevalence of sarcopenia of 5.3% and a hazard ratio (95% CI) for mortality of 1.93 (1.54, 2.41). In contrast, only 1.7% had SDOC sarcopenia according to original thresholds (grip strength <35.5 kg and gait speed <0.8 m/s).
[bookmark: _Hlk98851841][bookmark: _Hlk94785218][bookmark: _Hlk115087412]It may be helpful to consider the prevalence of other non-communicable disorders, the risk factors for which are continuously distributed in the general population. Osteoporosis (defined by the World Health Organization as a bone mineral density of at least 2.5 SDs below the young adult mean) had an average prevalence of 22.5% among women aged 50 years and over across France, Germany, Italy, Spain, UK and Sweden in 2015 [21]. Hypercholesterolemia (total cholesterol ≥ 5.0 mmol/l or 190mg/dl) had a global prevalence of 39% among adults in 2008 [22]. Hypertension (systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, or use of antihypertensive medication) had a global prevalence of 34% among men and 32% among women, aged 30-79 years, in 2019 [23]. When placed in this context, it may be regarded as unusual to adopt thresholds for muscle strength and function that result in a definition of sarcopenia which only accommodates less than 2% of the population, even at ages above 70 years. Historically, thresholds used in definitions of some conditions, such as hypertension and hypercholesterolemia, closely reflect treatment thresholds. However, for sarcopenia, there is no presumption here that treatment decisions should be based on definitional approaches as there are likely to be different treatment thresholds depending on the feasibility, cost, and efficacy of the interventions available. Therefore, cost-effectiveness evaluation and other analyses are required to identify specific thresholds for identification of patients who would most likely benefit from treatments for sarcopenia.
Early sarcopenia definitions, such as those proposed in 1998 by Baumgartner [24] and in 2007 by Delmonico [25], were based on lean mass. In 2010, the EWGSOP recognised that muscle strength does not only depend on lean mass and that the relationship between these quantities is non-linear; they defined sarcopenia as having low lean mass with low strength or function [4]. This was revised in 2019 (EWGSOP2) as research had established low strength as a stronger predictor of adverse outcomes than lean mass; low strength is the primary component in EWGSOP2 and is used alone to define probable sarcopenia with confirmed sarcopenia defined as having both low strength and lean mass [5]. The EWGSOP2 approach aimed to promote diagnosis and management of sarcopenia in clinical practice and, therefore, this definition aimed to identify indisputable cases.
In addition to the earlier sarcopenia definitions and those proposed by EWGSOP and EWGSOP2, FNIH and SDOC have also proposed definitions over the previous decade. The FNIH Sarcopenia Project researchers adopted the following approach in 2014: identified a grip strength threshold that discriminates mobility impairment (gait ≤ 0.8 m/s); identified ALM and ALM/BMI thresholds that discriminate this grip strength threshold; and examined the predictive capacity of these thresholds for incident mobility impairment and mortality [6]. FNIH sarcopenia was characterised as having low grip strength and ALM/BMI. An updated version was proposed in 2020 by the SDOC [7]. The SDOC used cohorts of community-dwelling adults to identify thresholds for strength and lean mass parameters that discriminate low gait speed (<0.8 m/s) and then assessed predictive capacity of these thresholds for incident outcomes. SDOC sarcopenia was defined as having low grip strength and gait speed; lean mass was not consistently associated with outcomes. The differences between SDOC (analysis based approach) and EWGSOP2 (identification of indisputable clinical cases) may partly explain the lower grip strength threshold selected for the EWGSOP2 definition (<27 kg) compared to SDOC (<35.5 kg). In agreement with SDOC, the European Society for Clinical and Economic Aspects of Osteoporosis and Osteoarthritis (ESCEO) recommend that in clinical trials for drugs aimed at treating sarcopenia, cases should have a combination of low muscle strength and low physical performance [26].
Few studies have compared the performance of EWGSOP2 and SDOC definitions in the same cohort. Their prevalence and association with fracture risk were compared in a study comprising the US, Sweden and Hong Kong MrOS cohorts [27]. Similar to our findings regarding mortality, EWSGOP2 and SDOC were strongly associated with incident fracture (any, osteoporotic and major osteoporotic) and had low prevalence. However, in contrast to our study, low strength was characterised as having low grip strength or chair rise speed in the EWSGOP2 definition; this would result in a higher prevalence compared to the use of grip strength alone as a measure of strength. Prevalence of low grip strength using various thresholds was compared in a study comprising 98 men and women admitted to a geriatric rehabilitation hospital in Switzerland [28]. As expected, prevalence of low grip strength according to the EWGSOP2 threshold (10.2%) was considerably lower compared to the SDOC threshold (19.4%). A previous SarcoPhAge analysis, using different components and thresholds compared to our study, reported similar effect sizes for EWGSOP2 and EWGSOP in relation to mortality; however, EWGSOP2 associations were not statistically significant due to its lower prevalence (7.4% vs 13.6%) [29]. Furthermore, severe EWGSOP2 was associated with a considerably greater risk of mortality compared to confirmed EWGSOP2, as demonstrated in our study. 
Strengths of our study include the large number of participants the analyses were based on and that these individuals were recruited from established cohorts where data have been rigorously collected according to strict protocols. However, there are also several limitations of this study. First, the main analysis was only performed on white men; participants of the Health ABC cohort had no mobility disability at baseline; and MrOS participants had to be able to walk without the assistance of another person. These factors limit the generalizability of findings to the wider population of older people in this age range. Furthermore, the exclusion of participants with high risk of sarcopenia from this study, such as nursing home residents or those with advanced disability, suggests that the prevalence of sarcopenia in this age group across the general population may be much higher. However, ESCEO recommend that participants in clinical trials for drugs aimed at treating sarcopenia should be at least 70 years of age and that those who are severely malnourished or have extremely limited mobility should be excluded; such a population may be similar to that included in our study [26]. Second, unlike approaches implemented in the FNIH Sarcopenia Project and SDOC to identify sarcopenia components and thresholds, only mortality and not incident disability was used as an outcome in this study. However, an advantage of using mortality as an outcome is that it is defined consistently across cohorts unlike incident disability which may be defined differently across studies. Third, DXA lean mass includes muscle mass, organ weight, water and other non-fat and non-bone soft tissue and, therefore, is only a surrogate measure of muscle mass; previous studies suggest that other techniques, such as the D3-Creatine (D3-Cr) dilution method, provide a more direct and accurate assessment of muscle mass which is more strongly correlated with important clinical outcomes such as incident serious injurious falls, disability and mortality [30-32]. Finally, some measurement protocols, such as distance covered during gait speed assessments, varied between cohorts. However, for participants who did not have their gait speed assessed over 6m (8ft in HCS and 4m in SarcoPhAge), prevalences of sarcopenia in the pooled sample were similar when gait speeds in these two cohorts were converted to those expected over 6m using previously published equations [19, 20]. Although the lack of calibration of DXA and grip strength measures across cohorts may have affected the comparison of sarcopenia prevalence between cohorts, this is unlikely to have affected the mortality associations reported as Cox models were implemented internally within each cohort. For some exposures, high heterogeneity was observed between cohorts in the meta-analysis. Possible reasons for this are that the eligibility criteria and geographical region differed between cohorts and the low prevalence of many exposures may have resulted in greater variability in estimates between cohorts.

Conclusion
[bookmark: _Hlk109730450]This study has examined the impact of raising the gait speed threshold in the SDOC algorithm from 0.8 to 1.0 m/s (sarcopenia characterised as grip strength <35.5 kg and gait speed <1.0 m/s). If one adopts this Modified SDOC approach, prevalence estimates for sarcopenia range from 3.1% to 5.6% in the cohorts enriched for healthy participation (Health ABC and MrOS) rising to 18.9% and 33.1% in those cohorts selected to represent the entire elderly population (SarcoPhAge and HCS respectively). This definition has a higher prevalence among community-dwelling older people, compared to the original SDOC definition, and remains strongly associated with mortality. These findings, if replicated and validated, will provide necessary insight about the appropriate prevalence of sarcopenia that a globally accepted definition of sarcopenia may adopt (contingent on cost-effective analyses and other factors that would inform such a definition). This is an important consideration as a globally accepted definition of sarcopenia is required for large randomised controlled trials to evaluate efficacy and safety of interventions to prevent and treat sarcopenia.
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	[bookmark: _Hlk93493031][bookmark: _Hlk109650517]Table 1: Definitions of sarcopenia and thresholds used for each sarcopenia component

	Definition
	Algorithm
	Original thresholds (M: Men; W: Women)
	Modified thresholds (M: Men; W: Women)

	2019 European Working Group on Sarcopenia in Older People (EWGSOP2) [5] 
	Low grip strength and ALM index
	Grip strength: <27 kg (M), <16 kg (W)                  
ALM index:<7.0 kg/m2 (M), <5.5 kg/m2 (W)
	Grip strength: <35.5 kg (M) and <20 kg (W)                  
ALM index:<7.0 kg/m2 (M), <5.5 kg/m2 (W)

	Sarcopenia Definitions and Outcomes Consortium              (SDOC) [7]
	Low grip strength and gait speed
	Grip strength: <35.5 kg (M) and <20 kg (W)
Gait speed: <0.8 m/s
	Grip strength: <35.5 kg (M) and <20 kg (W)
Gait speed: <1.0 m/s

	ALM: Appendicular lean mass
All main analyses were restricted to white men

	EWGSOP2 also proposed thresholds for ALM (<20 kg (M), <15 kg (W)); ALM index (ALM (kg) / height2(m)) was used for analysis instead of ALM to ensure that height was accounted for.





	[bookmark: _Hlk94621236][bookmark: _Hlk92452105]Table 2: Participant characteristics among white men
	

	
	
	
	
	
	
	

	Characteristic
[Mean (SD) or N(%)]
	All cohorts (n=9170)
	Health ABC (n=908)
	MrOS US (n=5064)
	MrOS Sweden (n=2851)
	HCS
(n=157)
	SarcoPhAge 
(n=190)

	Age (years)
	74.3 (4.9)
	74.4 (2.9)
	73.8 (5.9)
	74.9 (3.1)
	75.3 (2.5)
	73.6 (6.1)

	Height (cm)
	174.4 (6.6)
	173.4 (6.2)
	174.5 (6.6)
	174.8 (6.5)
	173.9 (6.2)
	171.8 (6.3)

	Weight (kg)
	82.3 (12.6)
	81.2 (12.3)
	83.5 (12.9)
	80.5 (11.8)
	82.3 (11.7)
	81.4 (15.0)

	BMI (kg/m2)
	27.0 (3.7)
	27.0 (3.7)
	27.4 (3.8)
	26.3 (3.5)
	27.2 (3.6)
	27.5 (4.6)

	ALM (kg)
	24.2 (3.3)
	23.2 (3.2)
	24.3 (3.4)
	24.2 (3.2)
	24.3 (2.7)
	23.4 (3.8)

	ALM index (kg/m2)
	7.9 (0.9)
	7.7 (0.9)
	8.0 (0.9)
	7.9 (0.8)
	8.0 (0.7)
	7.9 (1.1)

	Grip strength (kg)
	41.7 (8.3)
	39.5 (7.7)
	41.6 (8.5)
	43.0 (7.8)
	37.2 (7.2)
	39.0 (9.5)

	Gait speed (m/s)
	1.27 (0.25)
	1.29 (0.23)
	1.25 (0.23)
	1.32 (0.25)
	0.82 (0.18)
	1.05 (0.29)

	
	
	
	
	
	
	

	[bookmark: _Hlk109720863]Original sarcopenia definitions
	
	
	
	
	
	

	     EWGSOP2 
	105 (1.1%)
	14 (1.5%)
	69 (1.4%)
	13 (0.5%)
	0 (0.0%)
	9 (4.7%)

	     SDOC
	152 (1.7%)
	3 (0.3%)
	79 (1.6%)
	28 (1.0%)
	24 (15.3%)
	18 (9.5%)

	
	
	
	
	
	
	

	Modified sarcopenia definitions
	
	
	
	
	
	

	     EWGSOP2
	505 (5.5%)
	73 (8.0%)
	282 (5.6%)
	123 (4.3%)
	5 (3.2%)
	22 (11.6%)

	     SDOC
	487 (5.3%)
	28 (3.1%)
	283 (5.6%)
	88 (3.1%)
	52 (33.1%)
	36 (18.9%)

	
	
	
	
	
	
	

	Died during follow-up
	5929 (64.7%)
	627 (69.1%)
	3255 (64.3%)
	1973 (69.2%)
	28 (17.8%)
	46 (24.2%)

	Follow-up time (years)
	12.1 (5.5)
	11.6 (4.9)
	13.0 (5.7)
	11.4 (4.8)
	6.4 (1.2)
	4.4 (1.1)

	[bookmark: _Hlk106719251]
Health ABC: Health, Aging and Body Composition Study; MrOS: Osteoporotic Fractures in Men Study; HCS: Hertfordshire Cohort Study; SarcoPhAge: Sarcopenia and Physical impairment with advancing Age Study

	ALM: Appendicular lean mass

	EWGSOP2: 2019 European Working Group on Sarcopenia in Older People

	SDOC: Sarcopenia Definitions and Outcomes Consortium

	Thresholds for original and modified definitions are presented in Table 1



[bookmark: _Hlk109371977][bookmark: _Hlk96760731]Figure 1: EWGSOP2 and SDOC thresholds for components in relation to their distributions among white men 
[image: ]
ALM: Appendicular lean mass
EWGSOP2: 2019 European Working Group on Sarcopenia in Older People (grip strength <27 kg; ALM index <7.0 kg/m2)
SDOC: Sarcopenia Definitions and Outcomes Consortium (grip strength <35.5 kg; gait speed <0.8 m/s)
Darker shading indicates values below the specified thresholds; the percentages below the thresholds are stated in each graph
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Figure 2: Prevalence of sarcopenia components and definitions according to age bands among white men
[image: ]
EWGSOP2: 2019 European Working Group on Sarcopenia in Older People 
SDOC: Sarcopenia Definitions and Outcomes Consortium 
ALMi: Appendicular lean mass index (kg/m2)

[bookmark: _Hlk96760785]Figure 3: Original and modified EWGSOP2 and SDOC components and definitions in relation to risk of mortality among white men after adjustment for age and weight
[image: ]
Health ABC: Health, Aging and Body Composition Study; MrOS: Osteoporotic Fractures in Men Study; HCS: Hertfordshire Cohort Study; SarcoPhAge: Sarcopenia and Physical impairment with advancing Age Study; ALMi: Appendicular lean mass index (kg/m2); EWGSOP2: 2019 European Working Group on Sarcopenia in Older People; SDOC: Sarcopenia Definitions and Outcomes Consortium
Estimates are missing for cohorts where no participants had the corresponding sarcopenia definition or component.
Original EWGSOP2: grip strength <27 kg and ALM index <7.0 kg/m2; Modified EWGSOP2: grip strength <35.5 kg and ALM index <7.0 kg/m2
Original SDOC: grip strength <35.5 kg and gait speed <0.8 m/s; Modified SDOC: grip strength <35.5 kg and gait speed <1.0 m/s
Figure 4: Original and modified EWGSOP2 definitions for probable, confirmed and severe sarcopenia in relation to risk of mortality among white men after adjustment for age and weight
[image: ]
Health ABC: Health, Aging and Body Composition Study; MrOS: Osteoporotic Fractures in Men Study; HCS: Hertfordshire Cohort Study; SarcoPhAge: Sarcopenia and Physical impairment with advancing Age Study; ALMi: Appendicular lean mass index (kg/m2); EWGSOP2: 2019 European Working Group on Sarcopenia in Older People. Estimates are missing for cohorts where no participants had the corresponding sarcopenia definition.
Original thresholds (graphs at the top of the figure): Probable (grip strength <27 kg); Confirmed (grip strength <27 kg and ALM index <7.0 kg/m2); and Severe (grip strength <27 kg and ALM index <7.0 kg/m2 and gait speed ≤0.8 m/s). Modified thresholds for grip strength and gait speed are used in graphs at the bottom of the figure. Overall prevalence of the condition across all cohorts is stated in the graph subtitles in square bracket.
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	[bookmark: _Hlk93931652]Table S1: Ascertainment of participant information within each cohort 
	

	
	
	
	
	
	

	Cohort
	Height (cm)
	Weight (kg)
	Appendicular lean mass (kg)
	Grip strength (kg)
	Customary gait speed (m/s)
	Mortality

	Health, Aging and Body Composition Study
	Measured using a Harpenden stadiometer
	Measured using a standard balance beam scale
	Ascertained from whole-body dual-energy X-ray absorptiometry scans (Hologic QDR 4500A; Hologic, Bedford, MA, USA)
	Assessed twice for each hand using a Jamar dynamometer; the highest measurement was used for analysis. Participants with recent arthritis/pain in their wrist or hand or who had undergone surgery of the upper extremity in the past 3 months did not have their grip strength assessed on that side.
	Calculated from the fastest time from two 6m gait speed tests. Participants were asked to walk at their usual pace.
	Deaths were determined from death certificates, hospital records and interviews with next of kin. All deaths were adjudicated by a central committee.

	Osteoporotic Fractures in Men Study  (US, Sweden)
	
	Measured using an electric scale or balance beam scale
	Ascertained from whole-body dual-energy X-ray absorptiometry scans.
MrOS US:
Hologic QDR 4500 [Hologic, Bedford, MA, USA] 
MrOS Sweden:
Lunar Prodigy [GE Lunar Corp., Madison, WI, USA]
	
	
	Sweden: Central registers covering all Swedish citizens were used to identify the date of death for all participants

US: Deaths were centrally adjudicated by a physician review of death certificates and hospital discharge summaries.

	Hertfordshire Cohort Study
	
	Measured using a SECA floor scale, Chasmors Ltd, London, UK
	Ascertained from whole-body dual-energy X-ray absorptiometry scans (Lunar Prodigy Advanced Scanner, GE Medical Systems, UK)
	Assessed three times for each hand using a Jamar dynamometer; the highest measurement was used for analysis
	Calculated from the fastest time from two 2.44m (8ft) gait speed tests. Participants were asked to walk at their usual pace.
	This cohort was flagged on the NHS Central Register for continuous notification of deaths

	Sarcopenia and Physical impairment with advancing Age Study
	Measured using a rollable wall height meter
	Measured using a floor scale
	Ascertained from whole-body dual-energy X-ray absorptiometry scans (Hologic Discovery A, USA)
	Assessed three times for each hand using a hydraulic dynamometer (Saehan Corporation, MSD Europe Bvba, Belgium); the highest measurement was used for analysis
	Calculated from a 4m gait speed test. Participants were asked to walk at their usual pace.
	Mortality was collected annually by interview or phone call to relatives of participants and confirmed by medical records. 




Figure S1: Flow diagram for the analysis sample regarding each cohort
[image: ]

Variables of interest comprised those displayed in Table 2
HCS comprises 2997 men and women born in Hertfordshire from 1931-1939. 966 participants from East Hertfordshire underwent a dual-energy X-ray absorptiometry (DXA) BMD scan at baseline. In 2004, 642 were recruited to a musculoskeletal follow-up study. In 2011, 443/642 participated in a further follow-up study; 346/433 of these participants underwent whole body DXA.
SarcoPhAge participants were homogenous regarding ethnicity; the vast majority were white
	Table S2: Participant characteristics according to cohort and sex

	
	
	
	
	
	
	
	
	
	

	Characteristic
[Mean (SD) or N(%)]
	All cohorts (n=12238)
	Health ABC (n=2949)
	MrOS US
	MrOS Sweden
	HCS (n=304)
	SarcoPhAge (n=472)

	
	
	Men (n=1428)
	Women (n=1521)
	Men (n=5662)
	Men (n=2851)
	Men (n=157)
	Women (n=147)
	Men (n=190)
	Women (n=282)

	Ethnicity
	 
	 
	 
	 
	 
	 
	 
	 
	 

	     White
	10425 (85.2%)
	908 (63.6%)
	826 (54.3%)
	5064 (89.4%)
	2851 (100.0%)
	157 (100.0%)
	147 (100.0%)
	190 (100.0%)
	282 (100.0%)

	     Black
	1444 (11.8%)
	520 (36.4%)
	695 (45.7%)
	229 (4.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	     Asian
	181 (1.5%)
	0 (0.0%)
	0 (0.0%)
	181 (3.2%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	     Hispanic
	120 (1.0%)
	0 (0.0%)
	0 (0.0%)
	120 (2.1%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	     Other
	68 (0.6%)
	0 (0.0%)
	0 (0.0%)
	68 (1.2%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Age (years)
	74.1 (4.7)
	74.3 (2.9)
	74.0 (2.9)
	73.7 (5.9)
	74.9 (3.1)
	75.3 (2.5)
	75.5 (2.6)
	73.6 (6.1)
	73.1 (5.9)

	Height (cm)
	171.8 (8.5)
	173.2 (6.4)
	159.6 (6.1)
	174.2 (6.8)
	174.8 (6.5)
	173.9 (6.2)
	160.0 (5.6)
	171.8 (6.3)
	157.8 (6.7)

	Weight (kg)
	80.1 (13.9)
	81.2 (13.1)
	70.4 (14.5)
	83.1 (13.2)
	80.5 (11.8)
	82.3 (11.7)
	70.9 (12.2)
	81.4 (15.0)
	64.8 (12.9)

	BMI (kg/m2)
	27.1 (4.1)
	27.0 (3.9)
	27.7 (5.4)
	27.4 (3.8)
	26.3 (3.5)
	27.2 (3.6)
	27.7 (4.5)
	27.5 (4.6)
	26.0 (4.8)

	ALM (kg)
	23.0 (4.4)
	23.9 (3.6)
	16.6 (3.2)
	24.3 (3.5)
	24.2 (3.2)
	24.3 (2.7)
	16.5 (2.1)
	23.4 (3.8)
	15.2 (2.7)

	ALM index (kg/m2)
	7.7 (1.1)
	7.9 (1.0)
	6.5 (1.1)
	8.0 (0.9)
	7.9 (0.8)
	8.0 (0.7)
	6.4 (0.7)
	7.9 (1.1)
	6.1 (1.0)

	Grip strength (kg)
	39.0 (10.3)
	40.6 (8.3)
	24.9 (5.8)
	41.6 (8.5)
	43.0 (7.8)
	37.2 (7.2)
	21.8 (6.1)
	39.0 (9.5)
	21.8 (6.0)

	Gait speed (m/s)
	1.23 (0.26)
	1.24 (0.23)
	1.13 (0.22)
	1.25 (0.24)
	1.32 (0.25)
	0.82 (0.18)
	0.78 (0.19)
	1.05 (0.29)
	0.94 (0.27)

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Original definitions
	 
	 
	 
	 
	 
	 
	 
	 
	 

	     EWGSOP2
	155 (1.3%)
	24 (1.7%)
	20 (1.3%)
	78 (1.4%)
	13 (0.5%)
	0 (0.0%)
	1 (0.7%)
	9 (4.7%)
	10 (3.5%)

	     SDOC
	284 (2.3%)
	14 (1.0%)
	18 (1.2%)
	103 (1.8%)
	28 (1.0%)
	24 (15.3%)
	28 (19.0%)
	18 (9.5%)
	51 (18.1%)

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Modified definitions
	 
	 
	 
	 
	 
	 
	 
	 
	 

	     EWGSOP2
	662 (5.4%)
	97 (6.8%)
	56 (3.7%)
	324 (5.7%)
	123 (4.3%)
	5 (3.2%)
	3 (2.0%)
	22 (11.6%)
	32 (11.3%)

	     SDOC
	779 (6.4%)
	59 (4.1%)
	71 (4.7%)
	335 (5.9%)
	88 (3.1%)
	52 (33.1%)
	44 (29.9%)
	36 (18.9%)
	94 (33.3%)

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Died during follow-up
	7566 (61.8%)
	1014 (71.0%)
	891 (58.6%)
	3582 (63.3%)
	1973 (69.2%)
	28 (17.8%)
	17 (11.6%)
	46 (24.2%)
	15 (5.3%)

	Follow-up time (years)
	11.9 (5.5)
	11.2 (5.0)
	12.6 (4.6)
	13.0 (5.8)
	11.4 (4.8)
	6.4 (1.2)
	6.5 (1.0)
	4.4 (1.1)
	4.8 (0.5)

	Health ABC: Health, Aging and Body Composition Study; MrOS: Osteoporotic Fractures in Men Study; HCS: Hertfordshire Cohort Study; SarcoPhAge: Sarcopenia and Physical impairment with advancing Age Study

	
	

	ALM: Appendicular lean mass
	

	EWGSOP2: 2019 European Working Group on Sarcopenia in Older People
	

	SDOC: Sarcopenia Definitions and Outcomes Consortium
	

	Thresholds for original and modified definitions are presented in Table 1
	



Figure S2: EWGSOP2 and SDOC thresholds for components in relation to their distributions among men from all ethnicities
[image: ]
ALM: Appendicular lean mass
EWGSOP2: 2019 European Working Group on Sarcopenia in Older People (grip strength <27 kg; ALM index <7.0 kg/m2)
SDOC: Sarcopenia Definitions and Outcomes Consortium (grip strength <35.5 kg; gait speed <0.8 m/s)
Darker shading indicates values below the specified thresholds; the percentages below the thresholds are stated in each graph









Figure S3: EWGSOP2 and SDOC thresholds for components in relation to their distributions among women from all ethnicities
[image: ]
ALM: Appendicular lean mass
EWGSOP2: 2019 European Working Group on Sarcopenia in Older People (grip strength <16 kg; ALM index <5.5 kg/m2)
SDOC: Sarcopenia Definitions and Outcomes Consortium (grip strength <20 kg; gait speed <0.8 m/s)
Darker shading indicates values below the specified thresholds; the percentages below the thresholds are stated in each graph

Figure S4: Original and modified EWGSOP2 and SDOC components and definitions in relation to risk of mortality among men from all ethnicities after adjustment for age and weight
[image: ]
Health ABC: Health, Aging and Body Composition Study; MrOS: Osteoporotic Fractures in Men Study; HCS: Hertfordshire Cohort Study; SarcoPhAge: Sarcopenia and Physical impairment with advancing Age Study; ALMi: Appendicular lean mass index (kg/m2); EWGSOP2: 2019 European Working Group on Sarcopenia in Older People; SDOC: Sarcopenia Definitions and Outcomes Consortium
Estimates are missing for cohorts where no participants had the corresponding sarcopenia definition or component.
Original EWGSOP2: grip strength <27 kg and ALM index <7.0 kg/m2; Modified EWGSOP2: grip strength <35.5 kg and ALM index <7.0 kg/m2
Original SDOC: grip strength <35.5 kg and gait speed <0.8 m/s; Modified SDOC: grip strength <35.5 kg and gait speed <1.0 m/s
Figure S5: Original and modified EWGSOP2 and SDOC components and definitions in relation to risk of mortality among women from all ethnicities after adjustment for age and weight
[image: ]
Health ABC: Health, Aging and Body Composition Study; MrOS: Osteoporotic Fractures in Men Study; HCS: Hertfordshire Cohort Study; SarcoPhAge: Sarcopenia and Physical impairment with advancing Age Study; ALMi: Appendicular lean mass index (kg/m2); EWGSOP2: 2019 European Working Group on Sarcopenia in Older People; SDOC: Sarcopenia Definitions and Outcomes Consortium
Estimates are missing for cohorts where no participants had the corresponding sarcopenia definition or component.
Original EWGSOP2: grip strength <16 kg and ALM index <5.5 kg/m2; Modified EWGSOP2: grip strength <20 kg and ALM index <5.5 kg/m2
Original SDOC: grip strength <20 kg and gait speed <0.8 m/s; Modified SDOC: grip strength <20 kg and gait speed <1.0 m/s
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