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Abstract

Background—The Sarcopenia Definitions and Outcomes Consortium (SDOC) is a collaborative 

initiative seeking to develop and evaluate cut-points for low muscle strength and lean mass that 

predict an increased risk for slowness (usual walking speed <0.8 m/s) among older adults.

Objectives—The goal of the present study was to provide clinicians and researchers with an 

understanding of the diagnostic implications of employing SDOC variables and cut-points in 
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mobility-limited older adults. Using data from older individuals with specific conditions that 

render them at increased risk for mobility limitation, we evaluated the performance characteristics 

(i.e., sensitivity and specificity) of five putative sarcopenia parameters and then compared these 

values to previously recommended diagnostic criteria for sarcopenia.

Design—Retrospective analysis of six randomized controlled trials enriched in persons at risk for 

mobility limitation.

Setting—National and international geriatric clinical research centers.

Participants—925 mobility-limited older adults (≥55 y, 58% women) were included in the 

analysis.

Measurements—The prevalence of low muscle strength and lean mass were assessed using five 

candidate metrics discriminative of slowness. Analyses of sensitivity and specificity were used to 

compare muscle weakness criteria to published diagnostics for sarcopenia.

Results—Odds ratios (OR) supported maximal grip strength (Grip max <35.5 and 20.0 in men 

and women, respectively) as the most discriminative of slowness in both men and women (OR = 

3.66 and 3.53, respectively). More men (58%) than women (30%) fell below sex-specific maximal 

grip cut-points. When applying previously recommended sarcopenia component definitions in our 

population, we found that fewer individuals met those criteria (range: 6–32%).

Conclusion—A greater number of individuals fall below SDOC Grip max cut-points compared 

to previous recommendations. Clinicians and researchers working with older adults may consider 

these thresholds as an inclusive means to identify candidates for low-risk lifestyle, promyogenic 

and function promoting therapies.
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INTRODUCTION

Advancing age is accompanied by a progressive loss of skeletal muscle mass and strength 

that is strongly and independently associated with functional limitation and physical 

disability.1 Mobility difficulties in older persons contribute to a loss of independence, a fate 

feared more than death.2 In 2000, an estimated $120 billion were spent on long-term care 

costs in older persons, a figure that is projected to reach $270 billion by 2030.3 

Determination of clinically relevant cut-points for low muscle strength and/or lean mass that 

predispose older individuals to walk slowly, a key indicator of waning mobility status and 

increased mortality risk,4, 5 may help to identify candidates for lifestyle, promyogenic and 

functional promoting therapies in an effort to alleviate mobility limitation and improve 

quality of life in a rapidly expanding aging demographic.

In 1988, Irwin Rosenberg first highlighted the significance of age-related deficits in skeletal 

muscle size and strength (i.e., sarcopenia) for the development of physical disability.6 

Subsequent investigations by Baumgartner,7 Melton,8 and Newman9 sought to provide an 

operational definition for this condition based on the statistical distribution of skeletal 
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muscle mass. In an attempt to better predict incident mobility disability, the ensuing decade 

witnessed the inception of numerous alternative criteria for sarcopenia, most of which were 

based on expert opinion.10–12 Pooling data from over 25,000 community-dwelling older 

adults, the first evidence-based cut-points for low muscle strength and lean mass were 

provided in 2014 by the Foundation for the National Institutes of Health (FNIH) Sarcopenia 

Project.13–17 However, the study population included in the FNIH analysis consisted of 

healthy older adults mostly without mobility limitation; therefore, these thresholds may be 

inadequate for older individuals with pre-existing mobility limitations,18 who are at the 

greatest risk for incident disability.19

Before sarcopenia can be effectively treated in clinical practice, a unified consensus on how 

to screen for and diagnose this condition must be established. The Sarcopenia Definitions 

and Outcomes Consortium (SDOC) aims to develop and assess clinically relevant cut-points 

for low muscle strength and lean mass in older adults.20, 21 Preceding analyses22 for the 

outcome of walking speed < 0.8 m/s (i.e., slowness) empirically identified five indices of 

impaired muscle strength, either alone or scaled to body size or composition, most predictive 

of mobility limitation (Table 1) in a number of large-scale epidemiologic study cohorts of 

community-dwelling older adults. To provide clinicians and scientists with an understanding 

of the diagnostic implications of employing these thresholds, the aim of the present study 

was to assess the sensitivity and specificity of these candidate metrics in clinical populations 

with specific conditions (e.g., self-reported mobility limitation, heart failure, osteoarthritis, 

etc.) that place them at increased risk for mobility disability, a unique and challenging group 

of individuals to recruit. To gain insight into the performance characteristics (i.e., sensitivity 

and specificity) of these criteria, we then compared these novel cut-points to those 

previously proposed by the FNIH Sarcopenia Project13–17 and the European Working Group 

on Sarcopenia.11 Read and interpreted as a whole, the proceedings of the SDOC20–25 should 

aid in the development of a consensus definition for sarcopenia acknowledging muscle 

strength and power, and to identify older individuals most likely to benefit from lifestyle, 

promyogenic and function-promoting therapies.

METHODS

Participants

We examined baseline data among participants in six randomized controlled trials of 

community-dwelling older adults enriched with individuals at increased risk for mobility 

disability. These randomized controlled trials of 6 to 18 months intervention duration were 

conducted to determine the efficacy of various function promoting therapies in mobility-

limited older adults (described below). To be included in the present analyses, the 

participating studies had to have data on the following measures: 1) Body composition 

measures by dual x-ray absorptiometry (DXA); 2) Muscle strength by handgrip 

dynamometry; 3) Usual walking speed determined on a 4 meter course; 4) Self-reported 

physical limitations and functional status. Written informed consent was obtained from all 

participants and each study was approved by the institutional review board at the 

participating institutions. The present study was reviewed and approved by the Tufts 

Grosicki et al. Page 3

J Am Geriatr Soc. Author manuscript; available in PMC 2021 July 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



University Health Sciences Campus Institutional Review board. Baseline measures from the 

following cohort studies were included in the analysis.

Lifestyle Interventions and Independence for Elders Pilot study (LIFE-P)—
From April 2004 to February 2005, a total of 424 sedentary persons 70–89 years at risk for 

mobility disability (Short Physical Performance Battery (SPPB) ≤ 9) were recruited at four 

U.S. clinical centers (Winston-Salem, NC; Pittsburgh, PA; Dallas, TX; Palo Alto, CA). 

Participants were randomized to either a moderate-intensity physical activity or a successful 

aging educational intervention for an average of 1.2 years.26, 27 The objective of this multi-

center pilot study was to provide preliminary data for a future full-scale trial to determine 

the efficacy of a long-term physical activity program to combat major mobility disability 

(defined as the inability to walk 400 meters in 15 minutes) or death. Additional outcomes of 

interest were lower extremity physical performance and walking speed measured over 4 and 

400m. Data on body composition and/or physical performance were available in 269 

participants (75 men and 194 women).

Vitality Independence and Vigor Study 2 (VIVE2)—This 6-month trial was a multi-

center study that took place in two clinical centers (Tufts University, Boston, MA and 

Karolinska Institutet, Stockholm, Sweden). Between March 2012 and November 2014, a 

total of 150 (46.3% women) mobility-limited (SPPB ≤ 9) older adults (≥ 70 years) 

participated in a moderate-intensity resistance exercise program and were randomized to 

receive either a high-protein, high-vitamin D nutritional supplement or a placebo.28, 29 The 

primary research outcome was 400 meters walking speed and secondary measures included 

other changes in physical function (grip strength and stair climb) as well as muscle size, 

composition, and function. Data on body composition and/or physical performance were 

available in 149 participants (80 men and 69 women).

Testosterone in Older Men with Mobility Limitations Trial (TOM Trial)—This 

parallel-group, randomized control trial (April 2011 to June 2014) conducted in Boston, MA 

recruited older men (≥ 65 years) who had low total (serum 100–350 ng/dl) or free (< 50 

pg/ml) testosterone levels and limitations in mobility (SPPB 4–9 and difficulty walking two 

blocks on a level surface or climbing 10 steps).30 Participants were stratified by age and 

randomized to receive either 10g of transdermal gel containing either placebo or 100mg of 

testosterone. Change in maximal voluntary muscle strength measured on the leg press was 

the primary outcome measure. Secondary efficacy measures included chest press strength, 

50m walking speed, and stair climb to assess changes in physical function. The TOM trial 

was prematurely terminated due to a greater incidence of cardiovascular events in the 

testosterone (n = 23) compared to placebo (n = 5) group.30 Data on body composition and/or 

physical performance were available in 209 participants.

Study of the Effects of Calorie Restriction and Exercise Training (SECRET)—
From February 2009 to November 2014, 100 older (≥ 60 y) obese (BMI ≥ 30) individuals 

residing in Winston-Salem, NC with diastolic heart failure with a preserved ejection fraction 

were enrolled in the study. Subjects were randomized to one of four experimental arms: 

exercise, diet (caloric restriction), exercise plus diet, or attention control for 5 months. Dual 
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primary outcome measures included gas exchange monitored maximal exercise testing and 

disease specific quality of life assessed using the Minnesota Living with Heart Failure 

Questionnaire (MLHFQ).31 Relevant exploratory outcomes included 6-minute walk 

distance, body composition, and leg muscle power and quality. Data on body composition 

and/or physical performance were available in 97 participants (18 men and 79 women).

Pharmacologic Interventions in the Elderly Study (PIE 2)—From April 2005 to 

June 2009, a total of 80 (80% women) older individuals (≥ 60 y) with diastolic heart failure 

with a preserved ejection fraction living in Winston-Salem, NC were recruited and 

randomized into a 9-month treatment of spironolactone 25 mg/d or placebo.32 Primary 

outcome measures of cardiorespiratory capacity (VO2peak) and MLHFQ-determined quality 

of life were obtained at 4 and 9-months and supplemented by cardiac imaging procedures 

and a 6-minute walk test. Data on body composition and/or physical performance were 

available in 78 participants (18 men and 60 women).

Intensive Diet and Exercise for Arthritis study (IDEA)—Taking place between July 

2006 and April 2011, this single center (Winston-Salem, NC) trial randomized 454 

community-dwelling older (≥ 55 y) overweight or obese (BMI 27–41) men and women with 

mild-to-moderate radiographic knee osteoarthritis (Kellegren-Lawrence score of 2–3) to one 

of three experimental groups: intensive diet-induced weight loss plus exercise, intensive 

diet-induced weight loss, or exercise alone.33 A total of 399 participants (88%) completed 

all 18-months of the study. Primary outcome measures were inflammatory biomarkers and 

knee-joint loads, and half of the participants were assigned to supplemental testing which 

included MRI, strength tests, and x-rays of the lower extremities. Baseline data on body 

composition and/or physical performance were available in all participants (N = 454; 129 

men and 325 women)

Measures

Body Composition—Total body fat mass and total bone-free lean mass were acquired 

using whole-body dual-energy x-ray absorptiometry (DXA) scans on Hologic 4500 

machines (Waltham, MA) in LIFE-P, VIVE2, TOM, and IDEA, and on Lunar Prodigy 

machines (Madison, WI) in SECRET and PIE2 using standardized protocols.34, 35 

Appendicular lean mass (ALM) was the sum of lean mass from both arms and legs.

Grip Strength—Grip strength of the dominant hand was measured using a JAMAR 

handheld dynamometer (Sammons Preston Rolyan, Bolingbrook, IL)36 following a 

standardized protocol. The test was performed in the seated position, with the shoulder 

adducted and neutrally rotated, the elbow flexed to 90 degrees, and the forearm and wrist in 

a neutral position. Participants were instructed to perform two maximal isometric 

contractions separated by 10 seconds of rest, and the highest value achieved was used for 

analysis.

Walking Speed—Consistent with the FNIH Sarcopenia Project,17 we chose a usual 

walking speed of less than 0.8 m/s to identify slowness as our primary outcome measure 

consistent with previous findings4, 5, 37, 38 and expert opinion. All walking speed measures 
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were determined on a 4-meter course and defined as the length of the walking course divided 

by the time required for the participants to complete the course at their usual walking speed. 

All studies used instructions to walk at a usual pace and from a standing start, and the use of 

a cane or other walking aid was permitted if the subject felt it would be unsafe to perform 

the test without.39 After an initial practice trial, each subject completed the test twice and the 

fastest time was recorded.

Statistical Analysis

Statistical analyses were performed using R versions 3.5.1 and later (2018). Analyses were 

stratified by sex and study. In analyses discussed in companion work presented in this issue, 

classification and regression trees were used to obtain strength and muscle mass cut-points 

most predictive of slowness (normal walking speed less than 0.8 m/s).22 The study described 

in this manuscript applied these thresholds in baseline data from the trials cohorts to 

operationally define muscle weakness either in terms of maximal grip strength or scaled to 

various measures of body size and composition (Table 1). We then determined the 

prevalence of these conditions, as well as their sensitivity and specificity at detecting slow 

walking speed. Associations between the continua of mass and strength and usual walking 

speed were summarized using receiver operator curves (ROC) and associated concordance 

(c-) statistics, equivalent to the area under the ROC curve. Covariate adjustment was 

facilitated by logistic regression, with associations quantified using estimated odds ratios 

and associated 95% confidence intervals. The performance characteristics of newly derived 

cut-points were then compared to those previously proposed by the FNIH17 and European 

Working Group on Sarcopenia11 by inspection.

RESULTS

Of the 1256 participants considered for inclusion, missing grip strength (n = 298) and DXA 

(n = 68) measures were the primary reason for exclusion, as walking speed and BMI records 

were complete in all but a small number of participants (n = 4 and 2, respectively). A total of 

925 participants (53% women) met all inclusion criteria (Table 2). The mean (standard 

deviation; SD) age for men and women was 74 (6) and 72 (8) years, respectively. Participant 

race was similar among trials, with nonwhites comprising ~20–30% of individuals in each 

cohort. Twenty-one versus 15 percent of men and women had diabetes, respectively, and the 

prevalence of COPD (~7%) and cancer (~14%) was similar between sexes. Almost 90% of 

participating men and women were classified as being overweight (> 25 BMI ˂ 30) or obese 

(BMI ≥ 30), and on average, men weighed more than women. Similarly, appendicular lean 

mass (31%) and hand grip strength (39%) were greater in men than women. Usual walking 

speed was remarkably similar (~0.94 m/s) between older men and women, and almost a 

third of men and women exhibited a usual walking speed less than 0.8 m/s. The specific 

recruiting efforts employed by each study resulted in some noteworthy inter-study 

participant characteristic differences as presented in Table 2. In both genders, participants in 

LIFE-P and VIVE2 cohorts were ~5–10y older, participants in SECRET had ~20% higher 

body mass index (BMI), and usual walking speed was ~0.3 m/s faster in participants from 

the IDEA cohort.
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The prevalence of low muscle strength and lean mass, by sex and by study, as determined by 

our five candidate metrics is shown in Table 3. Prevalence estimates using SDOC cut-points 

exhibited a wide range in both men (39–87%) and women (8–79%). In pooled analyses, the 

number who fell below the threshold was the greatest using grip strength scaled to body 

weight (~80%). While prevalence estimates using grip strength normalized to body weight 

were remarkably similar between men and women, grip strength normalized to arm lean 

mass was highly discrepant (87% in men vs. 8% in women).

Of the candidate metrics, maximal grip strength and Grip/BMI were most strongly 

associated with low walking speed (C-statistics 0.65–0.74) in men and women. Odds ratios 

suggested maximal grip strength (Grip max) to be the most discriminative of slowness in our 

study cohorts (3.66 [95% CI 2.26, 6.11] and 3.53 [95% CI 2.36, 5.31] for men and women, 

respectively; Figure 1). Strong associations between Grip/BMI and slowness were also 

observed (2.67 [95% CI 1.73, 414] and 2.31 [95% CI 1.52, 3.58] for men and women, 

respectively). Application of Grip max cut-points (<35.5 and <20.0 kg in men and women, 

respectively) in mobility-limited older adults in the present study (Table 3) resulted in a large 

percentage (~45%) of participants falling below the threshold, and the number was greater in 

men (58%) than women (30%). In both men and women alike, fewer participants in 

SECRET and PIE2 cohorts (6–25%) fell below SDOC Grip max thresholds. Meanwhile, 

application of FNIH Grip max cut-points (<26.0 and <16 kg in men and women, 

respectively) detected a far lower prevalence (13% and 11% in men and women, 

respectively) of muscle weakness that was lower yet using EWGSOP criteria (10% in men 

and 6% in women).

To assess the performance characteristics of Grip max and Grip/BMI thresholds established 

by the SDOC, we compared prevalence and analyses of sensitivity and specificity to 

previously recommended definitions (Table 4). The prevalence varied widely by definition in 

both men (10–58%) and women (6–67%) across studies, but the average of these estimates 

was similar between sexes (~25%). SDOC Grip max cut-points yielded sensitivity and 

specificity values of 78 and 50% in men, and 48 and 80% in women (Table 4), whereas 

FNIH Grip max cut-points were comparably less sensitive (~25%) but more specific 

(>90%). SDOC Grip max thresholds were notably less sensitive in both men (50%) and 

women (30%) from the SECRET cohort.

DISCUSSION

The purpose of this study was to evaluate cut-points for clinically relevant low muscle 

strength and lean mass in clinical populations at increased risk for mobility disability. In 

doing so, we hope to provide clinicians and researchers with useful information pertaining to 

the diagnostic implications of applying SDOC variables and cut-points in clinical 

populations. Our results demonstrated that Grip strength, both absolute and relative to BMI, 

was the most discriminative of slow walking speed, an excellent indicator of disability and 

mortality risk in older men and women.4, 5 Consistent with companion epidemiologic 

studies,23–25 we selected maximal grip strength (Grip max) as our primary variable of 

interest due to its repeated recognition as a key determinant of slow walking speed by 

Classification and Regression Tree (CART) analysis.21, 22 Application of sex-specific Grip 
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max cut-points (<35.5 and <20.0 in men and women, respectively; Table 1) in mobility-

limited older adults from clinical cohorts identified ~50% of patients as falling below the 

threshold, compared with 6–32% when using previously recommended metrics or 

components of sarcopenia. Compared to prior definitions, SDOC Grip max thresholds 

proved to be a sensitive but not overly specific indicator of slowness in this population of 

older adults enrolled in clinical trials. Researchers and clinicians working with clinical 

populations or mobility-limited older individuals are encouraged to consider SDOC Grip 

max thresholds as an inclusive means to identify candidates for lifestyle, promyogenic and 

function promoting therapies.

In 2014, the FNIH Sarcopenia Project published findings from the first systematic effort to 

identify muscle strength and lean mass cut-points that predict mobility disability in large 

cohorts of community-dwelling older adults.13–17 To broaden application of these 

thresholds, the SDOC lead a second initiative to formulate muscle strength and lean mass 

cut-points, this time including clinical populations at high risk for incident disability. The 

efficacy of our efforts to include in our analysis older adults at high risk for mobility 

disability is demonstrated by the large proportion of participants (~30%) that exhibited slow 

walking speed (<0.8 m/s) during their baseline testing visit. When interpreting our findings, 

it should be kept in mind that this percentage of slow-walking individuals is more than twice 

what was seen in epidemiologic cohorts where the variables and cut-points tested here were 

generated (13.5%).21, 22 A potential limitation to our study is its cross-sectional nature, 

impeding designation of causality (i.e., whether slow walking speed was a consequence of 

insufficient muscle strength and/or lean mass). Moreover, although all participants were 

experiencing some form of mobility limitation, the underlying clinical conditions and thus 

pathological features contributing to these mobility impairments (e.g., cardiovascular, 

musculoskeletal, etc.) varied among the cohorts. The diverse array of clinical conditions 

represented in our mobility-limited cohorts may also be viewed as a strength of our study, as 

real-world mobility impairments do not stem from a single etiology. Furthermore, although 

baseline data were used, all participants were enrolled in some form of randomized 

controlled trial, portending to a likely greater than average desire of these participants to 

improve health status. Future longitudinal assessments in large populations of older adults 

where changes in muscle strength and walking speed can be observed simultaneously are 

needed. Furthermore, future studies are encouraged to inspect for harmony and/or 

discordance between various sarcopenia definitions.18

Given the success of our efforts to analyze clinical participants at high-risk for mobility 

disability, we anticipated a large proportion of individuals would fall below the putative 

muscle strength and lean mass thresholds. Indeed, nearly half of the study participants fell 

below maximal grip strength and Grip/BMI cut-points, and this number may have been even 

greater were it not for possible selection bias due to the exclusion of missing and/or 

incomplete data. Intriguingly, initial efforts by the FNIH Sarcopenia Project also identified 

Grip max and Grip/BMI as significant indicators of clinically relevant muscle weakness,
14, 17 but these cut-points yield a much lower prevalence (<20%) in our clinical sample. This 

discrepancy highlights an important issue concerning the screening for and diagnosis of 

sarcopenia; identifying a “single” or “best” definition for sarcopenia in such a dynamic 

environment may be not only challenging but impractical. To circumvent this issue, the 
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EWGSOP240 has recently proposed a more dynamic model considering both objective (e.g., 

muscle size and/or strength) and subjective (e.g., participant reports) measures. However, a 

major limitation of the EWGSOP2 model is that the same person at a single point in time 

could be differentially classified as both having sarcopenia, or not having sarcopenia, based 

on what measures are employed in the algorithm. For example, muscle strength may be 

evaluated using grip strength cut-points that are notably similar to that of the FNIH, or chair 

stands. This flexibility may lead to confusion and misinterpretation of results. Thus, a more 

objective and concrete definition, such as ours, may help to obviate interregional differences 

and yield a more uniform diagnosis of sarcopenia. Comparisons of SDOC variables and cut-

points to previously proposed sarcopenia definitions provides insight into the utility of 

implementing these thresholds in clinical practice. More specifically, when screening 

candidates for higher risk/cost interventions (e.g., drug trials), more conservative thresholds 

in components targeted to the mechanism of action of the intervention should be employed 

to protect against type-I error (i.e., false positives). However, the greater sensitivity of SDOC 

cut-points may be preferred when assessing older adults for lower risk (e.g., lifestyle or 

exercise training) promyogenic and function promoting therapies. Though there may be 

deliberation surrounding the desirability of a criterion preferencing sensitivity over 

specificity, in the context of our study population, which consisted of older individuals at 

elevated risk for mobility limitation, a bias for sensitivity may be preferred.

In summary, we have evaluated cut-points for low muscle strength and lean mass in clinical 

cohorts of community-dwelling older adults. Consistent with previous attempts to define 

clinically relevant thresholds for low muscle strength and lean mass,14, 17 we identified 

maximal grip strength, both absolute and normalized to BMI, to be highly discriminative of 

slow walking speed (<0.8 m/s). Newly recommended SDOC Grip max and Grip/BMI cut-

points result in a more liberal operational definition of muscle weakness compared to what 

has been previously proposed, identifying over half of our clinical participants as exhibiting 

clinically relevant muscle strength and lean mass deficits. Clinicians and researchers seeking 

to evaluate older adults for low-risk myogenic and/or function promoting therapies are 

strongly advised to consider using highly sensitive SDOC muscle strength cut-points. The 

comparative prognostic value of these cut-points for predicting adverse health-outcomes is 

provided in a companion paper21 and worthy of future inquiry.
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Figure 1. 
Estimated odds ratios (95% confidence intervals) of sarcopenia candidate metrics with low 

walking speed (< 0.8 m/s) in men (blue lines) and women (red lines). *P<0.05; **P<0.01; 

***P<0.001. BMI = body mass index; TBF = total body fat.
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Table 1.

The SDOC Muscle Strength and Lean Mass Variables and Cut-Points. 21, 22

Sarcopenia Variable Men Women

Grip maximal value <35.5 kg <20.0 kg

Grip/BMI* <1.05 kg/kg/m2 <0.79 kg/kg/m2

Grip/TBF <1.66 kg/kg <0.65 kg/kg

Grip/arm lean mass <6.08 kg/kg <3.26 kg/kg

Grip/weight <0.45 kg/kg <0.34 kg/kg

*
Only variable consistently chosen for men and women.

BMI = body mass index; Grip = grip strength; TBF = total body fat.
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